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Foreword 


This edition of the U.S. Geological Survey (USGS) Minerals Yearbook discusses the performance of the worldwide minerals and 
materials industries during 2011 and provides background information to assist in interpreting that performance. Content of the 
individual Minerals Yearbook volumes follows: 

• Volume I, Metals and Minerals, contains chapters about virtually all metallic and industrial mineral commodities important to 
the U.S. economy. Chapters on survey methods, summary statistics for domestic nonfuel minerals, and trends in mining and 
quarrying in the metals and industrial mineral industries in the United States are also included. 

• Volume II, Area Reports: Domestic, contains a chapter on the mineral industry of each of the 50 States and Puerto Rico and the 
Administered Islands. This volume also has chapters on survey methods and summary statistics of domestic nonfuel minerals. 

• Volume III, Area Reports: International, is published as four separate reports. These regional reports contain the latest available 
minerals data on more than 180 foreign countries and discuss the importance of minerals to the economies of these nations 
and the United States. Each report begins with an overview of the region’s mineral industries during the year. It continues with 
individual country chapters that examine the mining, refining, processing, and use of minerals in each country of the region and 
how each country’s mineral industry relates to U.S. industry. Most chapters include production tables and industry structure 
tables, information about Government policies and programs that affect the country’s mineral industry, and an outlook section. 


The USGS continually strives to improve the value of its publications to users. Constructive comments and suggestions by readers 


of the Minerals Yearbook are welcomed. 
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Suzette M. Kimball, Acting Director 13 
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Contacts 


the U.S. Geological Survey, its programs, staff, and products may be accessed on the Internet at http://www. 
arth Science Information Center at 1-888-ASK-USGS. For specific information about this publication, 
03) 648-4961. Additional minerals information may be accessed on the Internet at http://minerals. 


Information about 
usgs.gov or by contacting the E 
contact the Center Secretary at (7 
usgs.gov/minerals. 
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SURVEY METHODS FOR NONFUEL MINERALS 
By Jeftrey P. Busse 


The U.S. Geological Survey (USGS) collects worldwide data 
on virtually every commercially important nonfuel mineral 
commodity. These data form the basis for tracking and assessing 
the health of the minerals sector of the U.S. economy. 

The USGS data collection activity was instituted by the 47th 
Congress in the appropriations act of August 7, 1882 (22 Stat. 
329), which placed the collection of mineral statistics on an 
annual basis. The most recent authority for the USGS survey 
activity is the National Materials and Minerals Policy, Research 
and Development Act of 1980 (Public Law 96-479, 94 Stat. 
2305). The Act included provisions to strengthen protection 
for proprietary data provided to the U.S. Department of the 
Interior by respondents engaged in any phase of mineral or 
mineral-material production or consumption. 


Data Collection Surveys 


The USGS begins the collection of domestic nonfuel 
minerals and materials statistics by appraising the information 
requirements of government and private organizations of the 
United States. Requirements that can be met by collecting data 
from minerals establishments are posed as questions on USGS 
surveys. Figure 1 shows a typical survey form. 

Specific questions about mineral commodity activities, such 
as production, shipments, consumption, and recycling are 
structured in the survey forms to provide meaningful aggregated 
data. Thus, the entire mineral economic cycle from exploration 
and production through recycling is covered by approximately 
150 monthly, quarterly, semiannual, and annual surveys. 

After the survey form has been designed, a list of the 
appropriate establishments to be canvassed is developed. 

Many sources are used to determine which companies, mines, 
plants, and other operations are included on the survey mailing 
list. State geologists, Federal organizations (such as the Mine 
Safety and Health Administration), trade associations, industry 
representatives, and trade publications and directories are 

some of the sources that are used to develop and update survey 
listings. With few exceptions, a complete census of the list of 
establishments is used rather than a sample survey. 

The Paperwork Reduction Act requires that any Government 
agency that wants to collect information from 10 or more 
individuals or establishments must first obtain approval from the 
Office of Management and Budget (ОМВ), which approves the 
need to collect the data and protects industry from unwarranted 
Government paperwork. This approval is indicated by the OMB 
control number on the survey forms (figure 1). 


Survey Processing 


The USGS surveys approximately 20,000 establishments. 
Each year, the USGS mails about 32,000 forms for 
approximately 150 different surveys. Each completed survey 
form returned to the USGS undergoes extensive analysis, 
Including computerized checks, to ensure the highest possible 
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accuracy of the mineral data. The statistical staff monitors all 
surveys to ensure that errors are not created by reporting in 
physical units different from the units requested on the form. 
Relations between associated measures, such as produced crude 
ore and marketable crude ore, are analyzed for consistency. 
Engineering variables, such as recovery factors from ores and 
concentrates, also are used. The totals for each form are verified, 
and currently reported data are checked against prior reports to 
detect possible errors or omissions. 

The USGS has developed a Web-based electronic forms 
system as required by the Government Paperwork Elimination 
Act (GPEA). This electronic system was designed to speed the 
collection and analysis of minerals information. As of December 
2011, approximately 100 canvass forms, accounting for all the 
annual responses covered by GPEA, are available electronically. 

Survey Responses.—To enable the reader to better understand 
the basis on which the statistics are calculated, each mineral 
commodity chapter includes a section about domestic data 
coverage. This section briefly describes the data sources, the 
number of establishments surveyed, the response percentage, 
and the method of estimating the production or consumption for 
nonrespondents. 

To produce reliable aggregated data, the USGS uses efficient 
procedures for handling instances of nonresponse. Failure to 
respond to the initial survey results in a second contact, this is 
either a second mailing of the paper form or an email in the case 
of electronic respondents. If the second request does not produce 
a response, then telephone calls are made to the nonrespondents. 
The followup calls provide the necessary data to complete 
the survey forms and (or) to verify questionable data entries. 
Periodic visits to mineral establishments also are made by 
USGS mineral commodity specialists to gather missing data 
and to explain the importance of the establishment's reporting. 
By describing the use of the published statistics and showing 
the impact of nonresponse, the USGS strives to encourage 
respondents to give complete and accurate replies. 

Estimation for Nonresponse.—In accordance With the OMB 
Standards and Guidelines for Statistical Surveys (2006), the 
USGS strives for a 95% response rate of the quantity produced 
or consumed (depending on the survey) for certain key statistics 
Response rates are periodically reviewed. For those surveys that 
do not meet a 70% response rate, procedures are developed and 
implemented to improve response rates. 

When efforts to obtain à response to a survey fail, estimation 
or imputation techniques must be used to account for missin 
data. Some of the estimation methods depend on knowled : 

| : , ge of 
prior establishment reporting; other techniques rely on external 
information to estimate the missing data. When survey forms 
received after the current publication has been completed, the ш 
forms are reviewed, necessary imputations are made for missi 
data, and the survey database is updated. The revised data аг $ 
reported in later publications. у 
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Protection of Proprietary Data.—The USGS relies on 
the cooperation of the U.S. minerals industry to provide 
the mineral data that are presented in this and other USGS 
minerals information publications. Without a strong response 
to survey requests, the USGS would not be able to present 
reliable statistics. The USGS, in turn, respects the proprietary 
nature of the data received from the individual companies and 
establishments. To ensure that proprietary rights will not be 
violated, the USGS analyzes each of the aggregated statistics 
to determine if the data reported by an individual establishment 
can be deduced from the aggregated statistics. If, for example, 
there are only two significant producers of a mineral commodity 
in a given State, then the USGS will not publish the State total 
because either producer could readily estimate the production of 
the other. It is this obligation to protect proprietary information 
that results in the withheld entries indicated with the symbol 
“W” in the published tables. If а company gives permission in 
writing, however, then the USGS will publish the data as long as 
the data from other respondents are protected from disclosure. 


International Data 


International data are collected by USGS country specialists 
and international data coordinators. The data are gathered from 
various sources, which include published reports of foreign 
Government mineral and statistical agencies, international 
organizations, the U.S. Department of State, the United Nations, 
the Organization of the Petroleum Exporting Countries, and 
personal contact by specialists traveling abroad. Each February, 
minerals questionnaires requesting estimates of mineral 
production for the country for the preceding year are sent to 
foreign organizations. Missing data are estimated by USGS 
country specialists on the basis of historical trends and the 
specialist's knowledge of current production capabilities in each 
country. 


Publications 


The USGS disseminates current and historical minerals 
information through printed publications and its Web site. 

Printed Publications.—The Minerals Yearbook summarizes 
annually, on a calendar-year basis, the significant economic and 
technical developments in the mineral industries. Three volumes 
are issued each year—volume I, Metals and Minerals; volume 
IL, Area Reports: Domestic; and volume III, Area Reports: 
International. Volume I presents, by mineral commodity, 
salient statistics on production, trade, consumption, and other 
measures of economic activity. Volume II reviews the U.S. 
minerals industry by State and island possessions. Volume III is 


published as four separate regional reports that cover more than 
175 foreign countries; these reports contain individual country 
chapters that examine the mining, refining, processing, and use 
of minerals in each country in the region and how they relate to 
U.S. industry. Volume III chapters also contain information on 
fuels. 

The Mineral Commodity Summaries (MCS), which is an 
up-to-date summary of more than 90 individual minerals and 
materials, is the earliest Government publication to furnish 
estimates that cover the previous year's nonfuel mineral industry 
data. It contains information on the domestic industry structure, 
Government programs, tariffs, 5-year salient domestic statistics, 
and a summary of significant events, trends, and issues in the 
domestic and international minerals industry during the past 
year. 

The Minerals Yearbook and the MCS may be purchased 
by mail from the U.S. Government Printing Office, Р.О. Box 
979050, St. Louis, MO 63197-9000; telephone, (202) 512-1800 
or (866) 512-1800 (toll-free); Web site, http:// 
bookstore.gpo.gov/. 

Electronic Publications. —Current and historical minerals 
information is available through the USGS Web site at http:// 
minerals.usgs.gov/minerals/. The Web site provides USGS 
minerals information products as well as USGS contacts for 
minerals information and links to other mineral-related sites on 
the Internet. 

Mineral Industry Surveys (MISs) contain timely statistical 
and economic data on minerals. The surveys are designed to 
keep government agencies, the mineral industry, the business 
community, academic institutions, trade associations, hobbyists, 
and the public informed of trends in the production, distribution, 
inventories, and consumption of minerals. Frequency of issue 
depends on the demand for current data. MISs are released 
monthly, quarterly, or annually. 

The Metal Industry Indicators (MII) report, which is 
published monthly, contains indexes that measure the current 
and future performance of three U.S. metal industries. For 
each of the three industries, a composite coincident index 
and a composite leading index have been developed based 
on procedures and data similar to those used to construct The 
Conference Board's coincident and leading cyclical indexes for 
the national economy. MIIs also contain several indicators for 
metal prices. Nonmetallic Mineral Products Industry Indexes, 
also published monthly, contains leading and coincident indexes 
that measure the current and future performance of the industrial 
minerals industry. The indexes were designed by using the same : 
procedures as the USGS metal composite indexes. 
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FIGURE 1 


A TYPICAL SURVEY FORM 
USGS Form 9-4045-M OMB Control No. 1028-0068 
Fer. (rev. 2/16/2011) Approval expires: 7/31/2014 
| UNITED STATES INDIVIDUAL COMPANY 
р, DEPARTMENT OF THE INTERIOR DATA — PROPRIETARY 
PZ USGS U.S. GEOLOGICAL SURVEY 
986 NATIONAL CENTER Unless authorization is granted in the section above the 
See а аы RESTON, VIRGINIA 20192 signature, the data furnished in this report will be treated in 
ши confidence by the Department of the Interior, except ol they 
may be disclosed to Federal defense agencies, or to the 
IRON ORE (Usable ore) Congress upon official request for appropriate purposes. Unless 


objection is made in writing to the USGS, the information 
furnished in this report may be disclosed to the respondent's 
State Geological Survey (or similar State Agency) if the State 
has appropriate safeguards to prevent disclosing company 


proprietary data. 


FACSIMILE NUMBER 
(Please correct if name or address has changed.) 1-800-543-0661 


Public reporting burden for this voluntary collection of information is estimated to average 10 MINUTES per response. A Federal agency may not conduct or sponsor, and a 
person is not required to respond to a collection of information uhless it displays a valid OMB control number. Comments regarding this collection of information should be 
directed to: U.S. Geological Survey, Statistics and Information Systems Section, 988 National Center, Reston, VA 20192. Please do not mail canvass forms to this address. 


Collection of попе! minerals information is authorized by Public Law 96-479 and the Defense Production Act. This information is used to support 
executive policy decisions pertaining to emergency preparedness, national defense, and analyses for minerals legislation and industrial trends. The USGS 


relies on your voluntary and timely response to assure that its information is complete and accurate. 


Please return thís form in the enclosed envelope or fax to the above toll-free number by the 15TH OF THE MONTH following the reporting period. 
Complete a separate form for each mineral establishment that was active during the reporting period. A mineral establishment is defined as a single 
physical location where mineral operations are conducted; for example, a mine only, a mine and preparation plant, or a preparation plant only. If you do 
not have exact data, please enter your best estimates and mark with an /e. Use zero (0) when appropriate. Do not report decimals or fractions. Round to 
the nearest whole number. If you have nothing to report, please complete Section 1, sign, and return the form. Please use the space for "Remarks" to 
provide any specific information that will help us in the use or interpretation of the data. Any statement on the effect of changes in economic conditions 
upon the reporting establishment will be useful. Additional forms are available upon request. 


If you have any questions concerning completion of this form, please contact the Mineral Commodities Data Unit, U.S. Geological Survey, 985 National 
Center, Reston, VA 20192, Telephone (703) 648-7960. 
SECTION 1. Mine or group covered by this report. 


State County 


Name 


SECTION 2. Stocks, production, and shipments of usable ore for the report month. 
Report only ore products as shipped to consumer, such as direct-shipping ore, concentrate, or agglomerates. 


Report ores produced in the United States only; do not include imports. 
Weight unit 
Mark (X) one 
2 
Peleg 
12 | = 2 | Physical inventory Beginning Ending 
Usable ore Adjustment only stocks c a nr d sg 


1 Code | (4 6 
Iron ore (containing less ШШЕ ШШЕ 
{һап 5% Мп, natural) 201 


SECTION 3. Please indicate any mines opened or closed by your company during the month. 


Remarks: 
Name of person to be contacted regarding this report wem № 


[] (1) Уез О (2) No 


May tabulations be published which could indirectly reveal the data reported above? 


R Printed on Recycled Paper 
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STATISTICAL SUMMARY 
By Joseph M. Krisanda 


The world production table was prepared by Glenn J. Wallace, international data coordinator. 


This annual report summarizes data on crude nonfuel mineral 
production! for the United States, its island possessions, and the 


Commonwealth of Puerto Rico. 
Although crude mineral production may be measured at any 


of several stages of extraction and processing, the stage of 
measurement used in this annual report is what is termed “mine 
output.” This term refers to minerals or ores in the form in 
which they are first extracted from the ground, but customarily 
may include the output from auxiliary processing at or near the 


mines. 


'The terms “попће! mineral production” and related “values” encompass 
variations in meaning, depending upon the mineral products. Production may 
be measured by mine shipments, mineral commodity sales, or marketable 
production (including consumption by producers) as is applicable to the 
individual mineral commodity. 

All 2011 U.S. Geological Survey (USGS) mineral production data published 
in this chapter are as of May 2013. For some mineral commodities, such as 
construction sand and gravel, crushed stone, and portland cement, estimates are 
updated periodically. To obtain the most current information, please contact the 
appropriate USGS mineral commodity specialist. Specialist contact information 
is available on the Internet at http://minerals.usgs.gov/minerals/contacts/comdir. 
html; alternatively, specialists’ names and telephone numbers may be obtained 
by calling USGS information at (703) 648-4000 or by calling the USGS Earth 
Science Information Center at 1–888–А5К—0505 (275-8747). Minerals 
Yearbook chapters (for mineral commodities, States, and countries) and Mineral 
Industry Surveys are also available on the Internet at http://minerals.usgs.gov/ 


minerals. 


STATISTICAL SUMMARY—2011 


Because of inadequacies in the statistics available, some 
series deviate from the foregoing definition. For copper, gold, 
lead, silver, and zinc, the quantities listed are recorded on a 
mine basis (as the recoverable content of ore sold or treated). 
The values assigned to the quantities, however, are based on the 
average selling price of refined metal, not the mine value. 

The total value of all nonfuel mineral production in the United 
States in 2011 increased to $74.7 billion, which was a 13% 
increase compared with that of 2010; metals increased to $36.0 
billion, which was an increase of 19%; and industrial minerals 
increased to $38.7 billion, an increase of 7%. 

In 2011, the value of nonfuel mineral commodity production 
for the following 14 mined commodities, in descending order 
of production value, was greater than $1 billion: gold, stone 
(crushed), copper, sand and gravel (construction), cement 
(portland), iron ore (usable shipped), molybdenum concentrates, 
phosphate rock (marketable), lime, sand and gravel (industrial), 
salt, zinc, soda ash, and silver. They accounted for 90% of the 
U.S. total production value (table 1). 

In 2011, the value of nonfuel mineral commodity production 
in the following 21 States, in descending order of production 
value, was greater than $1 billion: Nevada, Arizona, Minnesota, 
Utah, Alaska, Florida, California, Texas, Michigan, Missouri, 
Wyoming, Colorado, Pennsylvania, Georgia, Montana, New 
York, Idaho, New Mexico, Virginia, Kansas, and Illinois. They | 
accounted for 82% of the U.S. total production value (table 3). 
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NONFUEL MINERAL PRODUCTION IN THE UNITED STATE 


TABLE | 


$1.2.3 


(Thousand metric tons and thousand dollars unless otherwise specified) 


ее ай 


лаве с лә == шс ЕЕ а.е 
2009 2010 2011 
Mineral Quantity Value Quantity Value Quanti Value 
Metals: 
Beryllium concentrates“ metric tons 3,030 NA 4,460 NA 5,920 NA 
Cadmium? ? do. 2,840 8,140 2.890 11,300 2,970 8,190 
Copper® 1,180 6,280,000 1,110 8,520,000 1,110 9,960,000 
Gold kilograms 223,000 7,000,000 231,000 9,130,000 234,000 11,800,000 
Iron ore, usable shipped 27,600 2,560,000 50,600 5,000,000 55,600 5,530,000 
Lead$ metric tons 395,000 751,000 356,000 854,000 334,000 895,000 
Molybdenum concentrates! do. 47,800 2,870,000 59,400 3,580,000 63,700 3,830,000 
Palladium? kilograms 12,700 108,000 11,600 199,000 12,400 295,000 
Platinum* do. 3,830 149,000 3,450 179,000 3,700 205,000 
Silver? do. 1,250,000 588,000 1,280,000 829,000 1,120,000 1,270,000 
Zinc metric tons 710,000 1,220,000 723,000 1,620,000 743,000 1,740,000 
Combined values of magnesium metal, titanium 
concentrates, tungsten, zirconium concentrates XX 251,000 ' XX 364,000 ' ХХ 446,000 
Тога! XX 21,800,000 ' XX 30,300,000 ' XX 36,000,000 
Industrial minerals, excluding fuels? 
Andalusite (9) W (9) W 5.000 720 
Barite 396 ' 31,800 ' 662 51,000 ' 710 61,200 
Cement:!° 
Masonry 1,970 269,000 * 1,900 251,000 < 1.760 237,000 * 
Portland 61,900 5,950,000 * 64,500 5,870,000 € 66,100 5,820,000 < 
Clays: 
Ball 831 37,700 912 41,300 886 40,900 
Bentonite 3,650 207,000 4,600 ' 266,000 ' 4,810 327,000 
Common 12,500 156,000 11,900 ' 146,000 ' 11,700 141,000 
Fire 320 12,000 216 6,120 215 6,160 
Fuller’s earth! 2,010 206,000 2,050 201,000 1,950 194,000 
Kaolin 5.290 714,000 5.950 ' 817,000 ' 5,770 817,000 
Diatomite 575 147,000 595 178,000 813 219,000 
Feldspar' 550 " 35,600 550 !? 33,400 ' 650 1? 40,500 
Garnet, industrial!’ metric tons 45,600 6,850 52,600 7,910 56,400 9,760 
Gemstones natural? NA 9,310 NA 10,000 NA 11,000 
Gypsum, crude 10,100 ' 74,700 ' 8,800 ' 60,800 ' 8,480 70,500 
Helium: 
Crude million cubic meters 40 85,700 49 115,000 43 117,000 
Grade-A do. 122! 572,000 129 697,000 127 731,000 
Kyanite 71 21,000 93 28,000 98 29,400 
Lime 15,800 1,650,000 18,300 1,950,000 ' 19,100 2,130,000 
Mica, crude metric tons 51,100 6,530 52,800 7,240 50,000 6,110 
Peat 644 15,000 605 14,800 595 13,500 
Perlite, crude metric tons 348,000 17,100 414,000 21,600 420,000 23,600 
Phosphate rock, marketable"? 26,400 3,360,000 25,800 1,980,000 28,100 2,720,000 
Potash, gross weight" 1,500 500,000 2,400 660,000 2,300 740,000 
Pumice and pumicite metric tons 410,000 12,300 390,000 7,810 489,000 11,200 
Salt 43,100 1,750,000 43,500 1,690,000 45,500 1,770,000 
Sand and gravel: 
Construction 838,000 6,290,000 ' 805,000" 5,870,000: 810,000 6,020,000 
Industrial 27,500 ' 942,000 ' 32,300 ' 1,150,000 ' 43,700 2,000,000 
Soda ash" 9,310 1,330,000 10,600 1,360,000 10,700 1,580,000 
Stone: 
^ Crushed? _ | 1,160,000 11,300,000 1,160,000 11,100,000 ' 1,160,000 11,200,000 
Плен у 1,620 328,000 1,670 323,000 1,710 323,000 
Talc, crude 511 14,600 604 19,100 616 21,800 
“Tripoli? metric toms 79,700 16,400 108,000 20,000 73,700 16,500 
100 ^ W 100 14 W 100 '4 W 


Venniculite, concentrate 


See footnotes at end of table. 
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TABLE 1—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATE 


1,2,3 
5 


(Thousand metric tons and thousand dollars unless otherwise specified) 


oA acest НННП дыы шиш И ees Se ee ШЫ ыш шыш АССА 
2009 2010 2011 
Mineral Quantity Value Quantity Value Quantity Value 
W 


Industrial minerals, excluding fuels—Continued:® 
59,500 W 61,300 W 65,400 


Zeolites!’ metric tons 


Combined values of boron minerals, bromine, 
clays (fuller’s earth), emery, greensand marl, iodine 
(crude), iron oxide pigments (crude), lithium 
carbonate, magnesite, magnesium compounds, 


olivine, pyrophyllite (crude), silica stone, staurolite, 
wollastonite, and values indicated by symbol W XX 963,000 XX 1,220,000 XX 1,290,000 
Total XX 37,000,000 * XX 36,100,000 ' XX 38,700,000 
Grand total XX 58,800,000 * XX 66,400,000 XX 74,700,000 
*Estimated. "Revised. do. Ditto. NA Not available. W Withheld to avoid disclosing company proprietary data; value included with “Combined values." 
XX Not applicable. 
'Table includes data available through May 9, 2013. 
?Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 
?Data are rounded to no more than three significant digits; may not add to totals shown. 
‘Shipments. 
*Byproduct from zinc concentrates. 
$Recoverable content of ores, etc. 
"Content of ore and concentrate. 
5Sold or used unless otherwise specified. 
*Withheld to avoid disclosing company proprietary data. 
Production. 
"Excludes attapulgite; included in “Combined values.” 
Data are rounded to two significant digits. 
PExcludes abrasive stone and bituminous limestone and sandstone; all included elsewhere in table. 
"Data are rounded to one significant digit. 
| 
| 
| 
| 
| 
| 
| 
2.3 


STATISTICAL SUMMARY—2011 


| 


p 


TABLE 2 
NONFUEL MINERALS PRODUCED IN THE UNITED STATES, BY COMMODITY AND STATES IN 2011 


(Principal States based on quantity unless otherwise noted) 


Mineral Principal States Other States (alphabetical order) 
Andalusite NC 


Barite NV and GA 
a Ee es ea СЕНЕ 


Beryllium concentrates UT 
CA 


Boron 

—————————_———————————————————— ААТ 
Вгопипе AR o ја T за epe 
a мае se 

Cement: 


Masonry IN, FL, TX, AL, CA AR, AZ, CO, GA, KS, KY, MD, ME, MI, MO, MT, NM, NY, OH, OK, PA, SC, TN, VA, WV. 
Portland TX, CA, MO, MI, FL All other States, except AK, CT, DE, HI, LA, MA, MN, MS, NC, ND, NH, NJ, RI, VT, WI. 


Clays: 
Ball TN, TX, MS, KY, IN 
Bentonite WY, UT, MT, AL, TX AZ, CA, CO, MS, NV, OR. 
Common TX, AL, NC, GA, OH All other States, except AK, DE, HI, ID, MN, NH, NJ, NV, RI, VT, WI. 
Fie o МО В mE 
Fuller's earth GA, МО, УА, MS, ЕТ. СА, L, KS, TN, TX. 
Kaolin GA, SC, AL, TX, NV CA, FL, NC. "M 
Copper? AZ, ОТ, ММ, МУ, MT АК, ID, МО. 
Diatomite CA, NV, OR, WA 
Emery OR 
Feldspar NC, VA, СА, ID, ОК GA and SD. 
Garnet, industrial NY, MT, ID | 
Gemstones, natural? AZ, МС, ОК, ОТ, СА All other States. 
Gold? ___NV, АК, ЧТ, СО, СА _ AZ, МТ, NM, SD, WA. 
Grenandmad у о 
Gypsum, спе OK, TX, CA, IA, AR AZ, CO, IN, KS, LA. ML NM. NV. SD. UT, WY. 
Helium: 
Crude KS and TX 


Iodine, crude OK 

Iron ore, usable MN, MI, CA, SD 

Iron oxide pigments, crude GA, AL, VA 

dune. is ee me 


Kyanite VA 

led SM, AK, 

Lime 

crar  — МОКУ Als OF, TX Alar Sates esp AK, СЕБЕ HLIL KS, MD. ME MS NONA NIN NW RSE 
Magnesite NV 

Mapsin compounds MLO FLD s — — 
ec нт 
Mics ewe акаи 
Molybdenum, concentrates CO, AZ, UT, ID, MT NM and NV. 

Olivine NC and WA 


Palladium MT 
Peat FL, MN, IL, ME, IN IA, MI, NJ, NY, OH, PA, WA, WI. 
Perlite, crude | 


ММ, OR, ID, AZ NV СА 


Sand and gravel: 
Construction CA, TX, MN AZ. М] 
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TABLE 2—Continued 
NONFUEL MINERALS PRODUCED IN THE UNITED STATES, BY COMMODITY AND STATES IN 2011! 


(Principal States based on quantity unless otherwise noted) 


Mineral Principal States Other States (alphabetical order) 
Т 


alc, crude MT, TX, VT, VA 


Titanium concentrates, ilmenite VA and FL 

Tripoli IL, MO, AR, PA 
Tungsten CA 

Vermiculite, crude SC and VA 
Wollastonite NY 

Zeolites NM, TX, ID, AZ, CA 


Zinc” AK, TN, MO, ID 


Zirconium concentrates VA and FL 
"Table includes data available through May 9, 2013. 
2 


Content of ores, etc. 
*Principal States based on value. 
*Grindstones, pulpstones, and sharpening stones; excludes mill liners and grinding pebbles. 
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TABLE 3 


12 
VALUE OF NONFUEL MINERAL PRODUCTION IN THE UNITED STATES AND PRINCIPAL NONFUEL MINERALS PRODUCED IN 201 


Total 


Value 

State (thousands) 
Alabama 960,000 
Alaska 3,810,000 
Апгопа 8,390,000 
Arkansas 789,000 
California 3,210,000 
Colorado 1,930,000 
Connecticut? 156,000 
Delaware 11,200 
Florida 3,430,000 
Georgia 1,450,000 
Hawaii 101,000 
Idaho 1,320,000 
Illinois 1,070,000 
Indiana 762,000 
lowa 653,000 
Kansas 1,120,000 
Kentucky 791,000 
Louisiana? 465,000 
Maine 118,000 
Maryland’ 293,000 
Massachusetts? 225,000 
Michigan 2,410,000 
Minnesota? 4,490,000 
Mississippi 195,000 
Missouri 2,200,000 
Montana 1,440,000 
Nebraska 238,000 
Nevada 10,000,000 
New Hampshire? 99,700 
New Jersey? 275,000 
New Mexico 1,250,000 
New York 1,340,000 
North Carolina 843,000 
North Dakota? 125,000 
Ohio? 962,000 
Oklahoma 608,000 
Oregon 305,000 
Pennsylvania 1,600,000 
Rhode Island? 42,200 
South Carolina? 483,000 
South Dakota 312,000 
Tennessee 878,000 
Texas 3,030,000 
Utah 4,300,000 
Vermont? 118,000 
Virginia 1,190,000 
Washington 742,000 
West Virginia 324,000 
Wisconsin? 683,000 
Wyoming 2,140,000 
Undistributed 1,010,000 


Rank 
23 

5 

2 

27 


XX 
XX 


Percentage 


of U.S. total 


1.28 
5.10 
11.22 
1.06 


4.30 
2.58 
0.21 


0.02 
4.58 


1.94 
0.14 
1.77 
1.44 
1.02 
0.87 
1.50 
1.06 
0.62 
0.16 
0.39 


0.30 
3.23 
6.01 


0.26 
2.95 
1.93 
0.32 
13.43 
0.13 
0.37 
1.67 
1.79 
1.13 
0.17 
1.29 
0.81 
0.41 
2.14 
0.06 
0.65 
0.42 
1.17 
4.05 


5.76 


0.16 


1.59 
0.99 


0.43 
0.91 


2.87 


1.35 


74,700,000 
‚700, 100.00 
ХХ Not applicable. 
1 . 
Table includes data available through May 9, 2013. 


Data are rounded to no more th 


Principal minerals, in order of value 
Stone (crushed), cement (portland), lime, sand and gravel (construction), cement (masonry). 
Zinc, gold, silver, lead, sand and gravel (construction). | | 
Copper, molybdenum concentrates, sand and gravel (construction), silver, cement (portland). 
Stone (crushed), bromine, sand and gravel (industrial), cement (portland), sand and gravel 
(construction). 
Sand and gravel (construction), boron minerals, cement (portland), gold, stone (crushed). 
Molybdenum concentrates, gold, sand and gravel (construction), cement (portland), stone (crushed). 
Stone (crushed), sand and gravel (construction), clays (common), stone (dimension), gemstones 
(natural). 
Magnesium compounds, sand and gravel (construction), stone (crushed), gemstones (natural). 
Phosphate rock, stone (crushed), cement (portland), sand and gravel (construction), zirconium 
concentrates. 
Clays (kaolin), stone (crushed), clays (fuller’s earth), cement (portland), sand and gravel (construction). 
Stone (crushed), sand and gravel (construction), gemstones (natural). 
Molybdenum concentrates, phosphate rock, silver, sand and gravel (construction), lead. 
Stone (crushed), sand and gravel (industrial), cement (portland), sand and gravel (construction), tripoli. 
Stone (crushed), cement (portland), sand and gravel (construction), lime, stone (dimension). 
Stone (crushed), cement (portland), sand and gravel (construction), sand and gravel (industrial), lime. 
Helium (Grade-A), salt, cement (portland), stone (crushed), helium (crude). 
Stone (crushed), lime, cement (portland), sand and gravel (construction), clays (common). 
Salt, sand and gravel (construction), stone (crushed), sand and gravel (industrial), lime. 
Sand and gravel (construction), cement (portland), stone (crushed), stone (dimension), peat. 
Stone (crushed), cement (portland), sand and gravel (construction), cement (masonry), stone 
(dimension). 
Stone (crushed), sand and gravel (construction), stone (dimension), lime, clays (common). 
Iron ore (usable shipped), cement (portland), salt, sand and gravel (construction), magnesium compounds. 
Iron ore (usable shipped), sand and gravel (industrial), sand and gravel (construction), stone (crushed), 
Stone (dimension). 
Sand and gravel (construction), stone (crushed), clays (fuller's earth), clays (ball), clays (bentonite). 
Stone (crushed), cement (portland), lead, lime, sand and gravel (industrial). 
Copper, palladium metal, molybdenum concentrates, platinum metal, gold. 
Sand and gravel (construction), stone (crushed), sand and gravel (industrial), cement (portland), lime. 
Gold, copper, silver, lime, sand and gravel (construction). 
Sand and gravel (construction), stone (crushed), stone (dimension), gemstones (natural). 


Stone (crushed), sand and gravel (construction), sand and gravel (industrial), greensand marl, peat. 
Copper, potash, sand and gravel (construction), stone (crushed), salt. 

Salt, stone (crushed), sand and gravel (construction), cement (portland), wollastonite. 

Stone (crushed), phosphate rock, sand and gravel (construction), sand and gravel (industrial), feldspar. 
Sand and gravel (construction), lime, stone (crushed), clays (common), sand and gravel (industrial). 
Stone (crushed), salt, sand and gravel (construction), lime, cement (portland). 

Stone (crushed), cement (portland), sand and gravel (industrial), sand and gravel (construction), iodine. 
Stone (crushed), sand and gravel (construction), cement (portland), diatomite, perlite (crude). 

Stone (crushed), cement (portland), lime, sand and gravel (construction), sand and gravel (industrial). 
Sand and gravel (construction), stone (crushed), sand and gravel (industrial), gemstones (natural). 


Stone (crushed), cement (portland), sand and gravel (construction), clays (kaolin), cement (masonry). 
Gold, cement (portland), stone (crushed), sand and gravel (construction), lime. 


Stone (crushed), zinc, cement (portland), sand and gravel (construction), lime. 

Cement (portland), stone (crushed), sand and gravel (construction), sand and gravel (industrial), salt. 
Copper, molybdenum concentrates, gold, potash, magnesium metal. 

Stone (crushed), sand and gravel (construction), stone (dimension), talc (crude), gemstones (natural). 
Stone (crushed), zirconium (concentrates), sand and gravel (construction), lime, cement (portland). 
Gold, sand and gravel (construction), stone (crushed), cement (portland), diatomite. 

Stone (crushed), cement (portland), lime, sand and gravel (industrial), cement (masonry). 

Sand and gravel (industrial), sand and gravel (construction), stone (crushed), lime, stone (dimension) 
Soda ash, clays (bentonite), helium (Grade—A), sand and gravel (construction), cement (portland). | 


“Undistributed.” 
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Land area Total 
(square Population value Per capita Per square kilometer 
State ilometers) (thousands) (thousands) Dollars Rank -Dollars Rank 
Alabama В 480 — зб варка 
Alaska 1,480,000 723 3,810,000 · 5,270 1 2,570 43 
Апгопа 294,000 6,480 8,390,000 1,290 6 28,500 2 
Arkansas 135,000 2,940 789,000 269 14 5,850 30 
California 404,000 37,700 3,210,000 85 37 7,960 21 
Colorado 269,000 5,120 1,930,000 377 12 7,190 25 
Connecticut 12,500 3,580 156,000 3 44 46 12,400 10 
Delaware 5,060 907 11,200 3 12 50 2,220 44 
Florida 140,000 19,100 3,430,000 180 21 24,500 3 
Georgia 150,000 9,820 1,450,000 148 24 9,680 16 
Hawaii 16,600 1,380 101,000 74 42 6,090 29 
Idaho 214,000 1,590 1,320,000 835 8 6,180 28 
Illinois 144,000 12,900 1,070,000 83 38 7,460 23 
Indiana 92,900 6,520 762,000 117 3] 8,210 20 
Iowa 145,000 3,060 653,000 213 16 4,510 35 
Kansas 212,000 2,870 1,120,000 390 10 5,280 31 
Kentucky 103,000 4,370 791,000 181 20 7,690 22 
Louisiana 113,000 4,580 465,000 ? 102 34 4,130 39 
Maine 79,900 1,330 118,000 89 35 1,480 47 
Maryland 25,300 5,830 293,000 ? 50 45 11,600 12 
Massachusetts 20,300 6,590 225,000 3 34 48 11,100 14 
Michigan 147,000 9,880 2,410,000 244 15 16,400 6 
Minnesota 206,000 5,350 4,490,000 3 841 7 21,800 4 
Mississippi 121,000 2,980 195,000 66 44 1,610 45 
Missouri 178,000 6,010 2,200,000 366 13 12,300 11 
Montana 377,000 998 1,440,000 1,440 5 3,830 4] 
Nebraska 199,000 1,840 238,000 129 27 1,200 49 
Nevada 284,000 2,720 10,000,000 3,690 3 35,300 1 
New Hampshire 23,200 1,320 99,700 3 76 41 4,290 38 
New Jersey 19,200 8,820 275,000 3 31 49 14,300 8 
New Mexico 314,000 2,080 1,250,000 601 9 3,980 40 
New York 122,000 19,500 1,340,000 69 43 10,900 15 
North Carolina 126,000 9,660 843,000 87 36 6,680 26 
North Dakota 179,000 684 125,000 3 183 19 699 50 
Ohio 106,000 11,500 962,000 ? 83 39 9,070 17 
Oklahoma 178,000 3,790 608,000 160 23 3,420 42 
Oregon 249,000 3,870 305,000 79 40 1,230 48 
Pennsylvania 116,000 12,700 1,600,000 126 28 13,800 9 
Rhode Island 2,710 1,050 42,200 3 40 47 15,600 7 
South Carolina 78,000 4,680 483,000 3 103 33 6,200 27 
South Dakota 197,000 824 312,000 379 11 1,590 46 
Tennessee 107,000 6,400 878,000 137 26 8,220 19 
Texas 678,000 25,700 3,030,000 118 30 4,470 36 
Utah 213,000 2,820 4,300,000 1,530 4 20,200 5 
Vermont 24,000 626 118,000 3 188 18 4,910 33 
Virginia 103,000 8,100 1,190,000 147 25 11,600 13 
Washington 172,000 6,830 742,000 109 32 4,310 37 
West Virginia 62,400 1,860 324,000 175 22 5,200 32 
Wisconsin 141,000 5,710 683,000 3 120 29 4,860 34 
Wyoming 251,000 568 2,140,000 3,770 2 8,520 18 
Undistributed XX XX 1,010,000 XX XX XX XX 
Total or average 9,160,000 4 311,000 * 74,700,000 240 XX 8,160 XX 
XX Not applicable. 


TABLE 4 
VALUE OF NONFUEL MINERAL PRODUCTION PER CAPITA AND PER SQUARE KILOMETER IN 2011 BY STATE'? 


'Table includes data available through May 9, 2013. 
"Data are rounded to no more than three significant digits; may not add to totals shown. 
3 


Partial total; excludes values that must be c 


with “Undistributed.” 


*Excludes Washington, DC 
618,000. 


Sources: U.S. Geological Survey and U.S. Census Bureau. 
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oncealed to avoid disclosing company proprietary data. Concealed values included 


(which has no mineral production), with an area of 179 square kilometers and a population of 
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TABLE 5 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE” 


(Thousand metric tons and thousand dollars unless otherwise specified) 


__________________________________________- 
2009 


Mineral 
Alabama: 


ee re 


Cement: 


eee ne 


Masonry 
Portland 

Clays: 
Common 
Kaolin 

Gemstones, natural 

Lime 

Sand and gravel: 
Construction 
Industrial 

Stone: 
Crushed 
Dimension, marble, sandstone 

Combined values of clays (bentonite), iron oxide 
pigments (crude), mica (crude), salt, and values 
indicated by symbol W 
Total 

Alaska: 

Gemstones, natural 

Gold? kilograms 

Sand and gravel, construction 

Stone, crushed 

Combined values of cadmium (byproduct from zinc 
concentrates), copper (201 1), lead, silver, zinc, and 
value indicated by symbol W 
Total 

Arizona: 
Clays, bentonite 


Copper? 
Gemstones, natural 
Sand and gravel, construction 
Stone: 
Crushed 
Dimension, sandstone 
Combined values of cement, clays (common), gold, 
gypsum (crude), lime, molybdenum concentrates, 
perlite (crude), pumice and pumicite, salt, sand and 
gravel (industrial), silver, zeolites, and values indicated 
by symbol W 
Total 
Arkansas: 
Clays, common 
Gemstones, natural 
Sand and gravel, construction 
Stone: 
Crushed 
Dimension 
Combined values of bromine, cement, clays [kaolin 
(2009-10)], gypsum (crude), lime, sand and gravel 
(industrial), silica stone, tripoli 
Total 
California: 
Cement: 
Masonry 
Portland 
See footnotes at end of table. 


2.8 


ils 


Quantity 


NA 
1,960 


10,400 " 
370 


35,700 
4 


NA 

(4) 
7,360 ' 

1,940 


XX 
XX 


17 
711 


NA 
40,800 " 


9,210 ' 
94 


539 
NA 
7,780 


29,400 
18 


Value 


25,600 ° 
307,000 < 


25,300 
W 

142 
226,000 


66,100 : 
11,200 


327,000 
1,460 


26,500 
1,020,000 


69 

W 
55,800 ' 
34,700 


2,530,000 
2,620,000 


913 


3,780,000 


1,540 
363,000 * 


85,400 ' 
13,800 


944,000 ' 
5,190,000 


7,630 
410 
60,000 


215,000 
2,360 


339,000 ' 
625,000 ' 


28,100 * 
646,000 * 


2010 
Quantity 


191 
3,290 


1,300 
174 ' 
МА 

2,150 


10,400 " 
386 


36,500 ' 
(4) 


XX 
XX 


МА 

28,100 
6,390 ' 
1,270 ' 


ХХ 
ХХ 


(4) 

703 

МА 
35,800 ' 


8,220 ' 
81 


534 
МА 
9,050 


31,300 ' 
11 


Хх 


Value 


24,300 ° 
273,000 < 


21,500 
W 

7 
239,000 


56,200 
10,400 


325,000 ' 
W 


19,600 ' 
969,000 


70 

1,110,000 
52,700 ' 
17,300 ' 


2,220,000 
3,400,000 


W 

5,400,000 

1,550 
296,000 ' 


81,000 ' 
11,700 


1,010,000 
6,810,000 " 


7,580 
424 
76,800 


240,000 ' 
1,580 " 


388,000 ' 
714,000 ' 


19,500 * 
549,000 * 


1,190 
104 
NA 

2,180 


9,910 
352 


33,700 
(4) 


XX 
XX 


NA 
25,800 
7,340 
1,290 


XX 
XX 


(4) 

751 
NA 
32,800 


8,260 
112 


XX 
XX 


532 
МА 
7,830 


26,100 
15 


170 
7,730 


Ws 
Wwe 


24,100 
5,750 

7 
255,000 


53,600 
10,500 


295,000 
W 


316,000 
960,000 


70 
1,310,000 
70,000 
14,400 


2,420,000 
3,810,000 


W 
6,720,000 
2,500 
264,000 


63,900 
13,300 


1,320,000 
8,390,000 


7,580 
450 
66,800 


219,000 
1,770 


494,000 
789,000 


18,600 * 
582,000 * 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE! >? 


(Thousand metric tons and thousand dollars unless otherwise specified) 
2009 2010 2011 
Mineral Quantity Value Quantity Value Quantity Value 
Califormia—Continued: 
CI . 


ау$: 

Bentonite 22 2,310 23 2,700 19 2,270 

Common 318 2,370 355 5,000 398 6,990 

Kaolin · 4 W 7 W 7 659 
Gemstones, natural NA 727 NA 754 NA 759 
Gypsum, crude 807 ' 6,870 ' 873! 6,020 992 12,000 
Sand and gravel: 

Construction 78,800 ' 912,000 74,700 811,000 ' 80,300 889,000 

Industrial 1,300 35,800 1,320 39,400 1,300 40,800 
Stone: 

Crushed 36,600 ' 364,000 ' 31,000 ' 306,000 ' 32,800 295,000 

Dimension 24 6,100 26 6,940 25 9,590 


Combined values of boron minerals, clays [fire (2009), 
fuller’s earth], diatomite, feldspar, gold, iron ore (usable 
Shipped), lime, magnesium compounds, perlite (crude), 
pumice and pumicite, Pyrophyllite (2009—10), salt, 
Silver, soda ash, tungsten, zeolites and values indicated 


by symbol W XX 
Total XX 


888,000 


,890,000 ' 


XX 


1,140,000 ' 


2,890,000 


XX 


1,360,000 


— XX 2890000 xx 2890000 — XX — "3210908 — 
Colorado; S e 289 
"Op wee лы ы 


_ Clays: 
Bentone ___ A0 | 
E co a С 


30 (4) W (4) W 

Common 60 405 109 352' 123 293 

Gemstones, natural NA 426 NA 431 NA 440 

Send and gavel, construia — — — — —— 29.400 ' 218,000 ' 28,900 209,000 27,100 198,000 
EU m— __ 

__ Cashed — 1 2002 6,780 ' 61,600 ' 6,220 ' 49,000 ' 6,200 48,200 

— Dimensigg —————————————— — — — 11 3,110 10€ 1,960 € 5 994 


Combined values of cement, clays [fire (2009, 201 1)], 
gold, gypsum (crude), helium (Grade~A), lime, 
molybdenum concentrates, sand and gravel (industrial), 


lays, common 20 
Gemstones, natu — — ——————— — — NA 
_ Sand and gravel о O 


1,130,000 
‚420,000 


224 


(4) 


1,590,000 ' 


(6) 


XX 


(4) 


1,680,000 


Silver, and values indicated by symbol W XX 
T — XX ^ 1420000 ^ XX 1850000 — Xxx — 1930000 - 
Connecticut: a «x. =“ 
C 


(6) 


7 NA 7 NA и 

= and gravel, construction 5,700 ' 61,000 € 5,910 55,300 5,510 54,600 
оле; 

Crusted ————————— — 8,160 102,000 7,270 ' 92,900 ' 7,310 101,000 


ИИ 
а Soe (4) 


| 2 XX 156,000 
Delaware: m oo å O XX 164,000 XX 148,000 
_ Gemstones, mau] O O | 


emstones, natural 
M - МА 
Sand and gravel, construction 2.080 
Stone, crushed : i 
Toa о UO (4) 


(6) 


l 

(6) 
24,500 
(6) 


NA 
(4) 
1,620 
(4) 


(6) 


l 

(6) 
12,300 
(6) 


(4) 


NA 


(6) 


1 

(6) 
11,200 
(6) 


T 

i XK 24800 их o хх — im» 
Cem == U UOO 

Maso 
еа 123 18,700 * 198 26,100 * 188 
Clays, __ 307,000 • 3,380 ' 306,000 =° 3,310 
Lm eel ГЕ 

Kaolin $ (4) W 2 W 2 W 
_ Gemstones, аа 18 3,000 15 W 17 2,630 

emstones, , 
Pa оо Leer МА 2 МА 1 МА | 


9,370 


24,800 ° 
290,000 * 


See footnotes at end of table, 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY ЅТАТЕ"?? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


ee ee ee ee eG | —— Á——: 


_____2009 200 п 
Mineral Quantity Value Quantity — Уаше О ____ Мање _ 
Florida—Continued: 

Sand and gravel: 
Construction 16,300 * 132,000 " 13,300 ' 105,000 * 12,000 105,000 
Industrial 431 8,270 173 3,980 180 4,370 
Stone, crushed 40,800 ' 548,000 ' 42,100 ' 535,000 ' 40,300 509,000 
Combined values of clays (fuller’s earth), lime, 
magnesium compounds, phosphate rock, staurolite, 
titanium concentrates (ilmenite), zirconium 
concentrates, and values indicated by symbol W _____ХХх____3,130000 — XX — 1,690000 — 1 XX 248000 _ 
Total — LXX 446000 ^ XX _ 2,670,000' _ XX 3430000 _ 
Georgia: 
Barite 7 1,350 7 1,350 7 1,350 
Clays: 
Common 631 3,870 657 3,910 644 6,880 
Kaolin 4,970 693,000 5,470 ' 780,000 ' 5,340 781,000 
Gemstones, natural NA 74 NA 75 NA . 103 
Sand and gravel: 
Construction 5,260 31,100 5,120 28,400 5,050 29,700 
Industrial | 775 19,300 670 17,800 655 19,600 
Stone: 
Crushed 44,500 510,000 43,000 ' 467,000 € 41,500 479,000 
Dimension 153 16,900 269 ' 26,600 * 141 20,300 
Combined values of cement, clays (fuller’s earth), 
feldspar, iron oxide pigments (crude), lime, mica 
(crude) XX 129,000 XX 131,000 ' XX 114,000 
Total XX 1,400,000 XX 1,460,000 ' XX 1,450,000 
Hawaii: 
Gemstones, natural NA 151 NA 151 NA 151 
Sand and gravel, construction 1,180 * 15,000 " 1,020 € 15,500 € 962 15,100 
Stone, crushed 5,800 101,000 4,740 ' 91,900 4,490 86,000 
Total хх 116,000 € XX 108,000 * XX 101,000 
Idaho: 
Gemstones, natural NA 492 NA 430 NA 379 
Sand and gravel, construction 12,900 74,800 13,800 ' 78,500 ' 12,400 67,700 
Stone: 
Crushed 3,880 26,800 ' 3,960 ' 23,600 ' 3,910 21,500 
Dimension, quartzite, sandstone 25 3,370 25 3,520 28 4,200 
Combined values of cadmium (byproduct from zinc 
concentrates), cement (portland), copper, feldspar, 

garnet (industrial), gold (2009-10), lead, lime, 

molybdenum concentrates, perlite (crude), phosphate 

rock, pumice and pumicite, sand and gravel (industrial), 

silver, zeolites, zinc XX 825,000 XX 1,080,000 ХХ 1,230,000 
пр ______ХХх_____931000 ______ХХ__ 1,80000 ______ ХХ _ 1320000 _ 

11015: 
Cement, portland 1,490 141,000 * 1,620 144,000 * 1,400 126,000 * 
Gemstones, natural NA 10 NA 10 NA 10 
Sand and gravel: 
Construction 22,500 144,000 19,600 * 129,000 ' 18,800 121,000 
Industrial 4,100 ' 139,000 ' 5,080 ' 183,000 ' 6,160 311,000 
Stone, crushed 56,900 514,000 54,300 ' 487,000 * 51,400 492,000 
Combined values of clays (common, fuller’s earth), 
pent, stone (dimension dolomite), tripoli хх 26,900 XX 27,400 XX 23,300 
Indiana: 
сете, portland 2,690 233,000 ° 2,470 199,000 * 2,290 179,000 • 
ays, common 413 6,610 358 ^ 7,110 332 6,620 
Sense natural E NA | 4 МА 4 МА 4 
Sand and gravel, construction 19,200 т | А 
2.10 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE! 2:3 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2009 2010 2011 
Mineral Quantity Value Quantity Value Quantity Value 
Indiana—Continued: 
Stone: 
о 


Crushed 44,100 ' 290,000 44,400 " 294,000 € 42,200 301,000 

Dimension 206 41,500 173 31,400 164 29,200 
Combined values of cement (masonry), clays (ball), 

gypsum (crude), lime, peat, sand and gravel 


(industrial) XX 134,000 : XX 140,000 : XX 136,000 
Total XX 806,000 € XX 789,000 ' XX 762,000 
Clays, common 


Iowa: 
184 828 201 827 : 182 862 
Gemstones, natural NA 3 NA 3 NA 3 
Peat (4) W (4) W (4) 5 
Sand and gravel, construction 13,600 87,800 13,700 г 84,400 ' 15,000 101,000 
Stone, crushed 32,700 298,000 32,000 ' 289,000 ' 32,100 311,000 


Combined values of cement, gypsum (crude), lime, 
sand and grave] (industrial), and values indicated by 


symbol W | хх 248,000 ' хх 211,000 ' хх 240,000 
SEC WE eo ee 2 г XX — 3859007 — XX — o 
_Cement, рой 


1,670 170,000 • 1,820 178,000 • 1,570 152,000 • 
Clays, common 381 2,430 353 1,850 291 1,880 
Gemstones, natural NA 1 МА 1 МА 1 


Helium, Grade-A million cubic meters 68 332,000 78 421,000 (4) У 
=. = 2,710 188,000 3,080 194,000 3,060 186,000 
Sand and gravel, construction 9,130 € 46,300 г 9,970 г 52,000 ' 9,620 47,100 
Е Асана 
ба 16,900 140,000 " 17,600 г 146,000 ' 15,400 126,000 
Dimon аа 29 4,650 47 4,720 52 4,640 
Combined values of cement (masonry), clays 


(fuller's earth), gypsum (crude), helium (crude), 
pumice and pumicite, sand and gravel (industrial), 


and value indicated by symbol W XX 70,200 ' XX 102,000 ' XX 602,000 
аана o E M XX 953,000 г XX 1,100,000 ' XX 1,120,000 
Cays common S 288 5,980 284 5,780 328 6,430 
— Gemstones, паша NA 37 NA 12 NA 11 

Sand and gravel, construction 6,810 € 36,100 € 5,760 ' 30,100 ' 5,750 32,600 
Зоо —— 47,000 415,000 47,900 € 417,000 € 47,900 462,000 

Combined values of cement, clays (ball), lime XX 244,000 " XX 301,000 XX 250,000 
Б Е. = XX 702,000 XX 753,000 ' XX 791,000 
Tinn eU 353 9,120 151 1,340 144 1,280 
ООО 


7 МА 7 


МА 7 МА 
E UC — ]Pá (4) (6) (4) (6) (4) (6) 
E E NN (6) (4) (6) 


Salt (4) (6) (4) 
E. екы LN NN 13,200 229,000 14,100 234,000 14,300 234,000 
E Ur HENCE , ; 
— eset ————————— U 20,800 : 209,000 " 21,300 * 197,000 * 20,700 207,000 
= 682 25 900 629 25,600 550 23,700 
ooo ө d) » ©) (4 6) 


19а XX 473,000 ' XX 458,000 ' XX 465,000 
Rp — — — — 9,180 ' 59,800 ' 7,970 ' 45,900 ' 7,990 53,500 


Stone: 
Crushed 3,600 31,600 3,520 ' 31,200 ' е pos 
Combined values of cement, clays (common), peat XX 32,600 XX 32,900 as о 
Total oy › r XX 118,000 
Т — . XX ^ 12600: XX 11200* хх #000 7 
е footnotes at end of table. 
STATISTICAL SUMMARY—201] zs 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE. ?? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


ПИНКИ А ы ушу л шш шшш Шш а iS 
2009 2010 2011 


Mineral Quantity — Маше Quantity _ Маше о Vale 
Maryland: 
Gemstones, natural NA 1 МА 1 МА | 
Sand and gravel, construction 7,980 99,200 8,120 82,700 6,980 83,100 
Stone: 
Crushed 23,300 208,000 21,500 ' 217,000 " 20,400 209,000 
Dimension (4) W 8 1,630 6 1,230 
Combined values of cement, clays (common), and 
value indicated by symbol W XX 198,000 XX (6) XX (6) 
Total XX 505,000 XX 302,000 * XX 293,000 
Massachusetts: 
Clays, common (4) (6) 17 (6) 17 (6) 
Gemstones, natural NA 1 МА 1 МА 1 
Lime (4) (6) (4) (6) (4) (6) 
Sand and gravel, construction 9,460 85,600 9,710° 91,400 9,230 93,500 
Stone: 
Crushed 11,200 129,000 ' 10,400 119,000 ' 10,600 115,000 
Dimension 44 6,130 73 21,700 83 16,200 
Total XX 221,000 XX 232,000 " XX 225,000 
Michigan: 
Cement: 
Masonry 80 9,800 * 83 10,200 * 61 8,300 * 
Portland 3,550 350,000 * 3,480 350,000 ° 3,480 353,000 * 
Clays, common 318 1,310 312 1,280 312 1,280 
Gemstones, natural NA 2 NA 2 NA 2 
Gypsum, crude 345 ' 2,440 ' 302 2,080 345 2,670 
Iron ore, usable shipped 8,870 W 11,900 W 13,200 W 
Peat (4) W 4 W 3 27 
Sand and gravel: 
Construction 34,100 ' 174,000 : 33,300 ' 190,000 ' 31,900 178,000 
Industrial 1,410 ' 32,000 ' 1,350 ' 31,700 ' 1,830 67,500 
Stone, crushed 20,400 116,000 21,500 ' 100,000 ° 20,700 99,000 
Combined values of lime, magnesium compounds, 
potash, salt, stone (dimension dolomite sandstone), 
and values indicated by symbol W XX 1,080,000 XX 1,490,000 XX 1,700,000 
Total XX 1,760,000 XX 2,170,000 " XX 2,410,000 
Minnesota: 
Gemstones, natural NA 7 NA 7 NA 7 
Iron ore, usable shipped 18,700 W 38,800 3,810,000 42,400 4,180,000 
Peat 44 2,850 41 2,500 44 2,490 
Sand and gravel, construction 31,700 ' 193,000 ' 32,600 ' 160,000 ' 36,600 180,000 
Stone: 
Crushed | 7,440 92,300 7,140 ' 87,600 * 8,600 105,000 
Dimension 25 16,700 35 15,400 46 28,500 
Combined values of lime, sand and gravel (industrial), 
and value indicated by symbol W XX 1,830,000 XX (6) XX (6) 
Total XX 2,140,000 XX 4,080,000 ' XX 4,490,000 
Mississippi: — 
Clays, common 263 1,540 259 1,540 264 1,570 
Gemstones, natural NA 1 NA | NA 1 
mw gavc, construction poss 2 pp , poen | 93,800 | 11,600 93,600 
Combined values of cement (portland), clays (ball, ' | үр са о 
bentonite, fuller’s earth), sand and gravel [industrial 
2009] xx D XX 34,100 | XX 35,100 
See footnotes at end of table. | = 122000 XX 195,000 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE! >? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2009 2010 2011 


Mineral Quantity Value Quantity Value Quantity Value 
Missouri: 

Cement, portland 4,420 434,000 * 6,470 534,000 * 7,050 559,000 * 
Clays, common 421 3,020 412 3,060 431 3,370 
Sand and gravel: 

Construction 11,500 72,000 * 11,900 ' 73,900 ' 9,250 64,100 

Industrial 836 ' 32,900 ' 782 € 28,700 ' 1,970 101,000 
Stone, crushed 72,800 637,000 ' 69,400 ' 584,000 € 64,700 571,000 


Combined values of cadmium (byproduct from zinc 
concentrates), cement (masonry), clays (fire, fuller’s 
earth), copper, gemstones (natural), lead, lime, silver, 


stone (dimension granite), tripoli (2010-1 1), zinc XX 661,000 XX 785,000 XX 904,000 
Total XX 1,840,000 XX 2,010,000 XX 2,200,000 
Montana: 
Gemstones, natural NA 378 NA 515 NA 524 
Palladium? kilograms 12,700 108,000 11,600 199,000 12,400 295,000 
Platinum? do. 3,830 149,000 3,450 179,000 3,700 205,000 
Sand and gravel, construction 11,200 86,100 ' 10,200 : 82,100 г 11,000 85,800 
Sion — —M 
Crushed 1,990 20,400 2,050 ' 21,300 ' 2,160 20,600 
Dimension (4) W 11 2,950 12 2,930 
_ Combined values of cadmium [byproduct Bor zs —— 
concentrates (2009)], cement, clays (bentonite, 
common), copper, garnet (industrial), gold (2009, 


2011), lead (2009), lime, molybdenum concentrates, 
Silver, talc (crude), zinc (2009), and value indicated 
W 


by symbol XX 619,000 XX 651,000 ' XX 832,000 
a MEM EE XX 983,000 XX 1,140,000 XX 1,440,000 
Nebraska: ______ мм Хх 1,440,000 _ 
E T —— Mn NA 4 NA 4 NA 4 


emstones, natural 
_ Send and gravel, construction —————— — 12,900 75,600 ' 12,600 ' 80,000 € 12,900 77,900 
Stone, спреј о _ 6,200 59,200 6,760 62,000 ' 7,430 70,100 
NE NN 


and gravel [industrial] XX 113,000 XX 83,600 XX 90,300 

90 — —XX wo x mo a 
Ма И XK 238,000 _ 
Baste с=з шы 389 ' 30,400 ' 656 49,700 ' 704 59,900 
и Ес 


5,040,000 166,000 6,560,000 172,000 8,690,000 


kilograms 161,000 
Sand and gravel, construction 19,800 124,000 15,100 87,500 17,300 89,200 
E зт г; 203,000 95,900 224,000 145,000 209,000 237,000 
Stone, crushed Мале 7,380 81,300 7:10 г 83,400 ' 7,320 78,500 
Combined Values of cement (portland), clays [bentonite 


(2009, 201 1), fuller’s earth (2009-10), copper, 


‚ perlite (crude), pumice and pumicite, salt, 
Sand and grave! (industrial), stone (dimension), Zeolites 


(2009-10), and values indicated by symbol W XX 639,000 ' XX 791,000 XX 876,000 
E — by symbol W NN XX 6,010,000 € XX 7,720,000 ' XX 10,000,000 
New Hampshire: XX 10,000,000 _ 
Gemstones, пада  —————— 7 МА 7 
Sand а RN NA 7 NA 


= pind gravel construction 7,050 ' 56,300 ' 6,620 ' 55,600 € . 6,260 54,500 
One: , > 
E — eee 4,780 ' 46,800 ' 4370 ' 38,900 ' 5.030 45.200 


imension, granite | x 2 : | 
Зее footnotes at end of table. | 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE! >? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2009 ____оо OOO O о 
Mineral Quantity У Quantity Value Quantity — Vale ___ 
New Jersey: 

Gemstones, natural NA 1 NA 1 МА l 
Greensand marl (4) (6) (4) (6) (4) (6) 
Peat (4) (6) (4) (6) (4) (6) 
Sand and gravel: 

Construction 11,100 116,000 10,000 105,000 11,800 108,000 

Industrial 906 30,200 · 918 33,600 974 34,400 

Stone, crushed — 1400 12400 — 14,5007 120,000" 13,800 13200 

Total _____хх 2000 ^ XX  25900'  — XX 275000 
New Mexico: 

Clays, common 10 90 13 116 8 70 
Copper? 56 300,000 53 405,000 66 591,000 
Gemstones, natural NA 21 NA 15 NA 23 
Sand and gravel, construction 14,100 111,000 11,600 84,400 10,300 76,200 
Stone: 

Crushed 6,000 40,300 ' 5,280 ' 38,400 ' 5,840 41,400 

Dimension 32 986 (4) W (4) W 
Combined values of cement, clays [bentonite (2010)], 

gold (2009, 2011), gypsum (crude), helium [Стаде-А 

(2009)], lime (2010), molybdenum concentrates, 

perlite, potash, pumice and pumicite, salt, silver (2009, 

2011), zeolites, and values indicated by symbol W XX 426,000 * XX 499,000 ' XX 544,000 

Total XX 879,000 XX 1,030,000 ' XX 1,250,000 
New York: 

__Сіауѕ, common  — —  — — Oo 605 30,200 595 30,000 388 16,900 
Gemstones, natural NA 97 NA 97 NA 98 
Peat (4) W (4) W 2 W 
Salt 6,240 426,000 6,460 442,000 6,520 452,000 
Sand and gravel, construction 31,100 267,000 * 30,800 ' 249,000 ' 30,300 257,000 
Stone: 

Crushed 37,800 ' 431,000 33,900 ' 383,000 г 36,000 414,000 

Dimension 97 28,200 94° 25,800 * 99 17,800 

Combined values of cement, garnet (industrial), sand 

and gravel (industrial), wollastonite, and values 

indicated by symbol W XX 207,000 XX 193,000 XX 182,000 

Total XX 1,390,000 XX 1,320,000 ' XX 1,340,000 
North Carolina: 

Andalusite (4) W (4) W 5,000 * 720 * 
Clays: 

Common 828 4,080 846 4,890 764 4,460 

Kaolin (4) W 10 W 10 421 
Gemstones, natural NA 1,260 NA 1,950 NA 1,990 
Sand and gravel: | 

Construction 7,680 ' 43,600 ' 8,260 ' 46,500 ' 8,140 47,000 

Industrial 1,300 28,000 1,400 30,900 1,330 35,300 
Stone: 

Crushed 38,700 587,000 40,600 ' 592,000 ' 42,500 621,000 

. Dimension —— ^ s V 62 22,300 58° 20,700 ' 59 11,600 
Combined values of feldspar, mica (crude), olivine, 

phosphate rock, pyrophyllite (crude), and values 

indicated by symbol W XX 163,000 XX 183,000 XX 121,000 

Total XX 850,000 XX 880,000 XX 843,000 
North Dakota: 

Clays, common (4) (6) (4) (6) (4) (6) 
Gemstones, natural NA 4 NA 4 NA 4 
шеа TO AO. OO. 

See footnotes at end of table. 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE! >? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2009 2010 2011 
Mineral Quantity Value Quantity Value Quantity Value 
North Dakota—Continued: 
Sand and gravel: 
E "Um LN 


Construction 14,300 46,500 17,000 66,400 ' 21,300 116,000 
Industrial (4) (6) (4) (6) (4) (6) 


Stone, crushed 985 3,980 843 ' 3,810 € 1,540 9,130 
Total XX 50,500 € XX 70,200 ' XX 125,000 
Ohio: 
Cement, portland 


550 53,000 * 627 57,800 * 636 56,100 * 
Clays, common 770 13,400 671' 12,600 ' 633 13,300 
Geant. EN 


Gemstones, natural NA 4 NA 4 NA 4 
Lime 1,130 129,000 1,610 189,000 € 1,730 208,000 
Sand and gravel: 

Construction 27,200 199,000 29,900 232,000 27,400 219,000 


Industrial 849 26,300 821 27,800 1,100 54,000 


Stone: 
Crushed 44,300 ' 394,000 ' 47,000 ' 380,000 ' 49,300 406,000 
Dimension 26 4,790 25 4,440 25 5,100 
_ Combined values oF cement (masonry), days [Hie 
(2009-10)}, peat, salt XX 277,000 XX 274,000 XX (6) 
Total — Z Хх 60,0007 — 3x —, 
Oklahoma: en 62.000 _ 
ET common — — 0000000 572 2,800 554 2,600 570 2,720 
— Gemstones, natural 
“Slag ee шысы 


NA 4 NA 4 NA 4 
Sand and gravel: 

Constuction — M 90 1.11 12,100 " 71,700 г 10,600 ' 64,600 ' 10,700 65,900 
Шавар 1,530 г 47,000 " 2,060 ' 64,800 ' 1,780 69,600 
о НИ 

__ Crushed U 


46.106 296,000 ' 39,200 ' 321,000 ' 39,100 306,000 
ше 35 4,330 28' 2,520 г 35 6,310 
Combined values of cement, feldspar, gypsum (crude), 
helium [Grade-A (2009—10)], iodine (crude), lime, salt, 


tripoli (2009) XX 239,000 ' XX 236,000 XX 158,000 

Total Xx 60,000 — — XX 65150007 2 188.000 _ 
Oregon: $e ще XX_ 608,000 _ 
„Cays common _ Ө a _ 194 538 
Gemstones, na — — — NA 1,220 NA 1,050 NA 1,130 
Sind and gravel, солк  —— — — 12,200 102,000 11,400 93,000 13,000 90,400 
Er dll — 15,500 118,000 15,500 € 117,000 ' 15,300 118,000 
_ Combine aus of cnet ойр aya а 


diatomite, emery (crude), lime, perlite (crude), pumice 
and pumicite 


хх 91,500 XX 96,400 XX 95,400 

vou | 2 313,000 x м. 
[UU NN мох 305000 _ 
Савр 
QC — eee CM 176 23,700 * 147 17,700 * 141 19,700 • 
Eo ORE аана 3,720 354,000 * 3,380 321,000 * 3,270 297,000 € 
(oU o ae 451 3,040 344 2,490 (4) У 
Ue CC NUN NR NA І МА 1 МА 


Р 985 126,000 1,110 145,000 1,150 156,000 
= 3 90 2 58 (4) W 
Sand and gravel: 
Санаа M на 14,000 115,000 13,500 € 119,000 : 12,700 114,000 
en 618 тюн и ore о у 
е: > 


Crushed 


с з менан 81,100: 987,000 ' 85,300" 1,040,000" 89,100 981,000 
e | 39 9.670 27° 6,070 ' 25 5,040 
ombined values of tripoli and values indicated by | 
i чы XX (7) XX (7) XX 30,300 
= т XX 1,600,000 
ЖХ 1630000 — — XX 16649007 —800590— 
See footnotes at end of table. XX 1,630,000 
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(Thousand metric tons and thousand dollars unless otherwise specified) 


2009 2010 2011 
Mineral бу У Quantity Value Об _Value _ 
Rhode Island: 
Gemstones, natural NA 1 МА | МА 1 
Sand and gravel: 
Construction 1,880 ' 24,000 * 1,510 " 17,800 " 2,010 26,000 
Industrial (4) (6) (4) (6) (4) (6) 
Stone, crushed 1,820 20,200 1,380 ' 14,500 ' 1,520 16,200 
Total ____хх ____44100' ^ XX 32,3008 XK 42200 _ 
South Carolina: 
Cement: 
Masonry 174 22,000 < 152 18,300 * 143 18,300 * 
Portland 1,870 169,000 * 2,050 178,000 * 2,480 197,000 * 
Clays: 
Common 311 1,300 267 1,190 227 1,250 
Kaolin 144 8,590 158 10,500 246 19,700 
Gemstones, natural NA 1 МА 1 МА 1 
Sand and gravel: 
Construction 5,900 32,900 7,100 30,200 7,070 31,400 
Industrial 441 14,000 530 14,700 451 16,700 
Stone: 
Crushed 18,200 201,000 19,200 215,000 19,500 199,000 
Dimension 3 401 (4) (6) (4) (6) 
Vermiculite (4) (6) (4) (6) (4) (6) 
Total XX 449,000 XX 468,000 XX 483,000 
South Dakota: 
Sand and gravel, construction 11,300 € 40,800 ' 11,600" 48,600 ' 12,700 47,800 
Stone, crushed 4,540 29,800 ' 5,470 € 36,600 € 6,050 49,400 
Combined values of cement (portland), clays (common), 
feldspar, gemstones (natural), gold, gypsum [crude 
(2010—11)], iron ore (usable shipped), lime, mica 
(crude), silver, stone (dimension granite) XX 163,000 XX 182,000 XX 215,000 
Total XX 233,000 ' XX 267,000 " XX 312,000 
Tennessee: 
Clays: 
Ball 511 22,800 570 25,600 (4) W 
Common 113 816 113 817 113 817 
Sand and gravel: 
Construction 5,360 42,800 5,900 47,000 6,100 45,600 
Industrial 783 27,100 907 30,500 1,050 16,500 
Stone, crushed 39,900 * 451,000 ' 40,900 472,000 ' 38,800 483,000 
Combined values of cadmium (byproduct from zinc 
concentrates), cement, clays (fuller’s earth), gemstones 
(natural), lime, salt, stone (dimension marble), zinc, 
and value indicated by symbol W XX 150,000 XX 263,000 XX 332,000 
Total XX 695,000 ' XX 839,000 € XX 878,000 
Texas: 
Cement: 
Masonry 202 28,300 ° 199 26,800 ° 187 25,100 ° 
Portland 8,350 815,000 * 8,870 785,000 ° 9,200 836,000 * 
Clays: 
Bentonite 54 8,610 64 9,900 67 10,300 
Common 1,800 13,000 1,730 ' 14,000 1,840 13,300 
Kaolin (4) W 47 13,900 22 6,920 
Gemstones, natural NA 202 NA 203 NA 203 
сше 1,040 105,000 1,280 136,000 1,350 148,000 
8,910 164,000 9,130 173,000 9,330 180,000 
Sand and gravel: 
constriction 7 | = | ud j 71,500" 540,000 ' 76,400 573,000 
See footnotes at end of table. 000 2280 202 090 7,000 337,000 
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ТАВГЕ 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE! 23 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2009 2010 2011 
Mineral Quantity Value Quantity Value Quantity Value 
Texas—Continued: 
Stone: 
WU ш Lor 


Crushed 110,000 784,000 € 114,000 805,000 " 117,000 787,000 

Dimension 236 42,000 195 57,000 202 47,100 
Combined values of clays (ball, fire, fuller's earth) 

gypsum (crude), helium, talc (crude), zeolites, and 


value indicated by symbol W XX 79,000 ' XX 73,500 € XX 64,300 
Total | XX 2,720,000 ' XX 2,840,000 € XX 3,030,000 
Utah: 
Beryllium concentrates metric tons 3,030 NA 4,460 NA 5,920 NA 
Clays, common 342 7,230 322 7,020 334 7,260 
Gemstones, natural NA 783 NA 786 NA 789 
Salt 2,000 152,000 1,940 100,000 2,660 126,000 
Sand and gravel, construction 33,100 € 194,000 ° 26,900 ' 156,000 ' 25,400 149,000 
Stone: 
Crushed 4,640 " 37,000 г 5,650 ' 41,300 € 8,000 61,800 
Dimension, sandstone 9 844 9 674 7 595 
_ Combined values of cement pond) clays (heaton 


copper, gold, gypsum (crude), helium [Grade-A 
(2009—10)], lime, magnesium compounds, magnesium 
metal, molybdenum concentrates, phosphate rock, 


potash, silver XX 3,420,000 : XX 3,990,000 г XX 3,960,000 
sdu o XX 3,810,000 г XX 4,300,000 ' XX 4,300,000 
Мао — — À— 0 SS UU e zm 
— Gemstones, namal ——————————— NA 1 МА 1 МА l 


stones, natural 

_ Sand and gravel, construcion 7 4,470 36,700 4,820 ' 35,600 ' 5,050 33,700 
So ___ 

BC ан 5,480 55,900 6,240 ' 64,700 ' 6,070 62,100 
Dimensi | 108 30,000 68 21,900 79 21,800 
E Ur — — AM (4) (6) (4) (6) (4) (6) 
AL HERE M NN XX 123,000 XX 122,000 ' XX 118,000 
_Clays, common ——————————————  ____ 


505 5,830 503 6,010 500 6,000 


Rym и 71 21,000 93 28,000 98 29,400 

E XLI OU —-—— 7,230 82,200 7,780 ' 89,200 ' 6,670 77,500 
tone: 

EC" — 80 €  ] A 42,300 579,000 ' 44,000 ' 603,000 ' 49,400 711,000 

— Dimensigg —————————— (4) W 14 3,920 12 7,380 

ИИ 


Ombined values of cement, clays (fuller’s earth), 
feldspar, gemstones (natural), iron oxide pigments 
[crude (2009, 201 1)], lime, salt, sand and gravel 
(industrial), talc [crude (201 1)], titanium concentrates 
(ilmenite), vermiculite (crude), zirconium 


Tomes and value indicated by symbol W XX 260,000 XX 303,000 XX 396,000 
ota г 1,030,000 ' XX 1,190,000 
Washington; —————————— U UOO Mar хҝ о 19090 
-Gemstones ana ——————— —— NA 65 NA 64 NA 57 
ECCO KR 30,000 ' 231,000 27,700 ' 191,000 ' 29,100 208,000 
d 


14,700 ' 143,000 7 14,800 141,000 ° 14,800 140,000 


Concentrates (2009)], cement (portland), clays 


(common, fire (2009—10)]. diatom: 
, —10)], diat 
(2009), | )], diatomite, gold, lead 


» me, olivine, peat, sand and gravel (industrial) 
ros (dimension miscellaneous), zinc (2009) XX 289,000 хх 391,000 XX 394,000 
О 5 
723,000 ' XX 742,000 
West Virginia: XX 663,000 € XX 


nO аа | T 138 ко eh a 
с (4) 

Gemstones, к со МА | Е | T | 
See footnotes at end of table, 
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TABLE 5—Continued 
NONFUEL MINERAL PRODUCTION IN THE UNITED STATES, BY STATE" +" 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2009 2010 2011 
М Quatiy У — Quantity Vale О Vabe __ 
West Virginia—Continued: 
Gypsum, crude -- ' -- f -- f -€ = 9 
Sand and gravel: 
Construction 410 3,480 448 3,740 534 4,470 
Industrial 241 14,700 277 17,300 (4) W 
Stone, crushed 12,300 112,000 14,500 ' 141,000 16,200 169,000 
Combined values of cement, lime, salt, stone 
(dimension sandstone), and values indicated by 
symbol W XX 71,600 XX 108,000 ' XX 150,000 
Total хх 20,00' ^ XX  271000* _____ХХ_____324,000 _ 
Wisconsin: 
Gemstones, natural NA 7 NA 7 NA 7 
Lime 750 70,000 867 81,200 939 95,900 
Peat - - (4) W (4) W 
Sand and gravel: 
Construction 28,500 ' 140,000 * 26,200 ' 134,000 ' 27,500 145,000 
Industrial 2,930 ' 116,000 ' 3,670 € 156,000 ' 5,510 280,000 
Stone: 
Crushed 23,100 179,000 24,000 ' 135,000 ' 23,800 124,000 
Dimension 207 29,800 144 23,200 170 38,600 
Total XX 535,000 * XX 529,000 ' XX 683,000 
Wyoming: 
Clays: 
Bentonite 3,230 172,000 4,120 ' 230,000 ' 4,350 287,000 
Common 41 104 12 33 20 60 
Gemstones, natural NA 14 NA 14 NA 15 
Sand and gravel, construction 17,300 "€ 92,400 ' 14,500 € 72,200 € 12,800 91,000 
Stone, crushed 16,500 * 76,300 * 9,240 ' 41,400 ' 11,500 50,700 
Combined values of cement (portland), gypsum (crude), 
helium (Grade—A), lime, soda ash, stone [dimension 
(2009-10)] XX 1,460,000 XX 1,530,000 XX 1,710,000 
Total XX 1,800,000 XX 1,870,000 " XX 2,140,000 
Undistributed: 
Connecticut, Delaware, Louisiana, Maryland (2010-1 1), 
Massachusetts, Minnesota (2010-1 1), New Hampshire, 
(2010-11), New Jersey, North Dakota, Ohio (201 1), 
Rhode Island, South Carolina, Vermont, Wisconsin 
(2010-11), Undistributed XX 189,000 ' XX 618,000 ' ХХ 1,010,000 


“Estimated. ‘Revised. do. Ditto. NA Not available. W Withheld to avoid disclosing company proprietary data; included in “Combined values” data for each State. 


XX Not applicable. — Zero. 
'Table includes data available through May 9, 2013. 


Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 


3Data are rounded to no more than three significant digits; may not add to totals shown. 


“Withheld to avoid disclosing company proprietary data. 
5Recoverable content of ores, etc. 


Withheld to avoid disclosing company proprietary data; value included in “Undistributed.” 


7Withheld to avoid disclosing company proprietary data; included in “Total.” 
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(Thousand metric tons and thousand dollars) 


2009 2010 2011 
Mineral Quantity Value Quantity Value Quantity Value 
Puerto Rico: 
Cement, portland 936 W 755 W 744 W 
E к ЕН р ш у 5 


Clays, common 54 328 54 328 54 328 
Lime* 11 1,750 12 3,660 12 3,760 
Salt" 45 1,500 45 1,500 45 1,500 
Stone, crushed 9,450 81,100 € 7,610 ' 7,530 77,500 


64,000 7 | А 
Total — 5 лот уу om 77500 
Administered Islands: 
American Samoa, stone, crushed У W 
Guam, stone, crushed W W 
Virgin Islands, stone, crushed W W 
Total XX W 


Estimated, 'Revised. W Withheld to avoid disclosing company proprietary data, XX Not applicable. 
Table includes data available through May 9, 2013. 

Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 
Data are rounded to no more than three significant digits; may not add to totals shown. 


Ыш шош 
=|= = 

zzz 
=|= = = 
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TABLE 7 


U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS"? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


Mineral or product 
Metals: 
Aluminum: 
Crude and semicrude metric tons 
Manufactures do. 
Antimony: 
Metal, alloys, waste and scrap do. 
Oxide, antimony content do. 
Arsenic metal, arsenic content do. 
Bauxite and alumina: 
Alumina, calcined equivalent 
Bauxite: 
Calcined, refractory and other grade 
Crude and dried | 
Specialty aluminum compounds, sulfate, chloride, fluoride-based metric tons 
Beryllium, unwrought, and waste and scrap, other including articles not 
elsewhere specified, beryllium content kilograms 
Bismuth, metal, alloys, waste and scrap, bismuth content do. 
Cadmium: 
Metal do. 
Sulfide, gross weight do. 
Unwrought and powder do. 
Waste and scrap do. 
Chromium: 
Ores and concentrate metric tons 
Metals and alloys: 
Metal, unwrought powders, waste and scrap, other do. 
Ferroalloys, high-carbon, low-carbon, ferrochromium-silicon do. 
Chemicals: 
Oxides, trioxide, other do. 
Sulfates do. 
Salts of oxometallic or peroxometallic acids, zinc and lead chromate, sodium 
dichromate, potassium dichromate, other do. 
Pigments and preparations do. 
Cobalt: 
Acetates do. 
Chlorides | до. 
Oxides and hydroxides do. 
Metal: 
Unwrought, powders, waste and scrap, mattes, other intermediate products of 
metallurgy do. 
Copper: 
Unmanufactured, does not include unalloyed scrap, copper content do. 
Semimanufactures do. 
Scrap, alloyed and unalloyed do. 
Ferroalloys not listed elsewhere: 
Ferrophosphorous do. 
Other do. 
Gold: 


eee 
Ores and concentrates 


Dore and precipitates 


do. 

Bullion, refined do. 

Waste and scrap do. 

Metal powder do. 

Compounds do. 
Iron and steel: 


Steel mill products 


Fabricated steel products 


2010 
Quantity 


3,040,000 
128,000 


427 
2,120 
481 
1,520 
19 

21 
37,600 


38,700 


1,040,000 ' 


231,000 
46,900 
75,300 


2,350 


276,000 
238,000 
1,030,000 


1,030 
4,570 


3,460 
84,400 
295,000 
660,000 
2,340 
4,270,000 


11,000 
2,010 


Value 
7,650,000 
570,000 
2,230 
12,000 
1,020 


724,000 


7,280 ' 


618 
37,600 


24,300 


12,700 € 


2,620 


18,400 
12,900 


56,700 
306 


31,500 
8,640 


5,860 
650 
2,380 


75,000 


1,630,000 
1,740,000 
3,550,000 


2,000 
9,210 


102,000 
3,160,000 
11,400,000 
2,180,000 
74,700 
107,000 


МА 
МА 


2011 


Quantity 


3,420,000 
171,000 


581 
3,590 
705 


1,730 


31 
22 
31,100 


21,200 
1,030,000 


204,000 
71,500 
62,900 

4,700 


5,250 


557 
5,330 


17,800 
53 


3,060 


345,000 
234,000 
1,240,000 


577 
8,700 


8,400 
62,800 
403,000 
626,000 
670 
3,930,000 


12,200 
1,920 


Value 


9,640,000 
741,000 


5,530 
17,800 
1,630 


905,000 


9,910 
855 
31,100 


14,900 
10,400 


790 
37 
223 
64 


3,520 


13,800 
7,670 


54,800 
263 


33,400 
10,600 


4,490 
102 
2,700 


96,300 
2,170,000 
2,180,000 


4,980,000 


1,240 
13,800 


282,000 
2,430,000 


19,600,000 


7,510,000 
19,100 
98,700 


NA 


NA 
Cast iron and steel products . 287 МА 250 МА 
See footnotes at end of table. 
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| 


РА 


alue 


Ferrous, includes tinplate and temeplate, 
and shi 


Pig iron, all grades 


Used rails for rerolling and other uses, includes mixed (used plus new) rails 
Iron ore | 


Lead 


U.S. EXPORTS OF PRINCIPAL MINE 


ullion, lead content 


pS, boats, and other vessels for s 


crapping 
Direct- 


reduced iron, steelmaking grade 


metric tons 


Ships, boats, and other vessels for 


(Thousand metric tons and thousand dollars unless otherwise specified) 


ineral or product 


TABLE 7—Continued 
RALS AND PRODUCTS, EXCLUDING MINERAL FUELS? 


excludes used rails for rerolling and other uses 


Scrapping 


Ore and concentrates, lead content 


р, gross weight 


ought and alloys, lead content 


› Magnesium content 


Alloys, gross weight 


owder, sheets, tubing, 


Or 


es and concentrates 


Dioxide 


Mercury: 


Am 


Chemicals: 


ет 


Other, includes ро 


0 


molybdenum, 


5, including roasted and other, molybdenum content 


Wrought 


powders, waste and Scrap, unwrought alloys and metal 


Platinum-group metals: 


end of table. 
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molybdenum content 
Wders, un 


с alloys 


00 


Wrought, bars and rods, waste and Scrap, 


wire, other, 


profiles, wire, Sheets, strip, foil, tubes, pipes 
ods, profiles, wire 


Ores and concentrates ilogram 
erroniobium ze d | 
ЕТ нора НЕННЕ 
Dues and concentrates, includes Synthetic do. 
Mgr SES. and serap, ought alloys and — — — 88 


E bulion, Jad one — ÓHün —— 

E TI UU IT — — tte tons 

—diemmuphtandallys ead content. 
Wrought and alloys, lead content 


do. 
Scra 


do. 
Magnesium: 
Waste and Scrap, magnesium content do. 
Metal do. 
do. 
P 


ribbons, wire, other forms, gross weight 


do. 
Manganese, gross weight: 


ы with 20% or more manganese do. 
Ferromanganese, all grades do. 
E c c—SÓÜÓ—ÀÀ 
Metal, including alloys and waste and Scrap do. 


do. 


E ENE Елин 
algams of Precious metals whether or not chemically defined __ до. 
Molybdenum: 


Ore and concentrate do. 


Oxides and hydroxides, gross weight do. 
- Molybdates, all, gross weight do. 


do. 


do 


do. 


do. 
do. 


P alladium, Palladium content 
Platinum, include : 40. 
= тар and metal, platinum content do. 


! ruthenium, OSS Weight 2 

= Jum, rhodium content | + 

е earths, estimated rare-earth oxide content: 

s o © 
Ferrocerium and other руго hori о 


Зее footnotes at = 


2010 


49 
9,950 


199 
299,000 
77,700 
5,590 
43,500 


481 
5,300 
6,940 
2,070 


13,900 
19,100 
9,360 
3,660 
8,980 


459 
203 


40,600 


6,040 
1,680 
978 


2,540 


12,600 
80,300 
1,900 


34,500 


24,900 
395,000 


172,000 
315,000 
65,200 


38,100 
55,100 
3,720 
2,320 


1,350,000 
3,460,000 


8,380,000 
13,400 
115 

743 
41,000 
1,090,000 


758 
472,000 
84,100 
9,170 
33,800 


802 
19,800 
30,900 
36,600 


5,990 
27,800 
13,100 
10,300 
14,700 


6,830 
274,000 


1,050,000 


99,300 
26,200 
33,100 


153,000 


345,000 
1,030,000 
35,400 


1,320,000 


228 
4,190 


3,100 
79,000 
35,900 


419,000 
1,880,000 
36,800 
136,000 


14,300 
19,000 


2011 


о =. qe a 
M Quantity Value Quantity Value 
Metals—Continued: 
Iron and steel Scrap: 


24,300 
51 
3910 
4 

49 
11,100 


70 
223,000 
40,100 
7,030 
31,100 


1,680 
5,520 
3,500 
1,620 


1,360 
4,510 
8,470 
3,370 
10,900 


132 
128 


47,100 


4,840 
2,010 
1,330 


2,970 


12,400 
64,800 
891 


45,300 


12,300 
519,000 


207,000 
501,000 
81,800 


32,000 
130,000 
1,150 
1,370 


1,640,000 
2,010,000 


11,400,000 
27,000 
448 

835 
50,400 
1,330,000 


743 
425,000 
54,100 
13,500 
36,800 


3,960 
14,600 
14,500 
35,600 


1,500 
7,780 
11,100 
10,100 
18,400 


2,050 
341,000 


1,450,000 


92,400 
35,600 
47,100 


144,000 


391,000 
1,090,000 
30,000 


1,840,000 


129 
5,640 


3,300 
124,000 
47,800 


416,000 
1,990,000 
18,000 
71,700 


50,900 
18,300 


221 
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TABLE 7—Continued 
U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS"? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


eee с 2011 
Mineral or product Quantity Value Quantity Value 
Metals—Continued: 
Rare earths, estimated rare-earth oxide content—Continued: 
Compounds, inorganic and organic kilograms 1,690,000 27,200 3,620,000 116,000 
Metals, including scandium and yttrium do. 1,380,000 27,500 3,030,000 63,900 
Selenium and tellurium: 
Selenium, selenium content do. 919,000 16,000 1,440,000 26,500 
Tellurium, tellurium content do. 59,000 5,400 38,600 7,210 
Silicon, gross weight: 
Ferrosilicon metric tons 25,400 29,600 34,000 40,600 
Metal do. 65,900 2,700,000 79,500 2,640,000 
Silver: 
Bullion, silver content kilograms 523,000 326,000 625,000 673,000 
Dore, silver content do. 104,000 45,900 107,000 133,000 
_ Metal powder, gross weight — — 1 1 1 1 1 до. 1,280,000 874,000 1,080,000 1,120,000 
Nitrate, gross weight do. 53,500 4,540 54,400 7,130 
Ores and concentrates, silver content do. 82,100 47,700 172,000 94,200 
Semimanufactured forms containing 99.5% or more by weight of silver, gross weight do. 617,000 353,000 1,080,000 807,000 
Waste and scrap, gross weight do. 3,760,000 5,990,000 4,450,000 3,440,000 
Unwrought, other, gross weight do. 87,300 49,800 193,000 169,000 
Thorium: 
Ore, monazite concentrate metric tons 1" 15 -- — 
Thorium and thorium-bearing materials, compounds do. 2. 605 4 762 
Tin: 
Ingots and pigs do. 5,630 35,900 5,450 33,300 
Tin scrap and other tin bearing material, except tinplate scrap, includes rods, profiles, 
wire, powders, flakes, tubes, pipes do. 15,600 70,300 21,900 88,200 
Tinplate and terneplate do. 209,000 171,000 216,000 183,000 
Titanium: 
Metal, waste and scrap, unwrought, wrought products and castings, ferrotitanium 
and ferrosilicon titanium do. 24,100 868,000 34,500 1,340,000 
Ores and concentrates do. 18,900 11,800 26,600 11,000 
Pigment, dioxide and oxide do. 758,000 1,690,000 789,000 2,230,000 
Tungsten, tungsten content: 
Ammonium paratungstate do. 538 8,840 977 18,700 
Carbide powder do. 1,220 * 43,600 1,250 63,000 
Metal powders do. 803 * 39,600 686 54,300 
Miscellaneous tungsten-bearing materials, ferrotungsten, ferrosilicon tungsten, 
unwrought, waste and scrap, wrought, compounds do. 1,790 60,100 ' 4,050 73,800 
Ores and concentrates do. 276 * 6,440 169 6,140 
Vanadium: 
Aluminum-vanadium master alloy, gross weight kilograms 1,190,000 ' 6,500 920,000 6,930 
Ferrovanadium, vanadium content do. 611,000 18,100 314,000 9,980 
Metal, including waste and scrap, gross weight do. 21,300 ' 675 102,000 3,340 
Pentoxide, anhydride, vanadium content do. 140,000 2,020 € 88,700 1,410 
Other oxides and hydroxides, vanadium content do. 1,100,000 10,600 254,000 2.390 
Zinc: 
Compounds, chloride, chromates of zinc or of lead, compounds n.s.p.£? , lithopone, 
oxide, sulfate, sulfide metric tons XX 53,700 XX 63,600 
Ores and concentrates, zinc content do. 752,000 903,000 660,000 997,000 
Rolled do. 7,380 NA NA NA 
Slab do. 4,200 NA 19,000 NA 
E OO 
minors ——— ы ш ы E 569 1,200 2,680 6,720 
an ы у с сы зы „сы а. сзсз 7 47,400 51,100 24,300 45,200 
— Oxide, includes germanium oxides and zirconium dioxides dow 5,630 59,000 6,710 87,400 
m в бо 438 16,400 528 26,900 
E ———— NN 7 1,620 147,000 1,480 132,000 
See footnotes at end of table, ^ ХХ 655300000 XX 87300000 
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TABLE 7—Continued 
U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS"? 


(Thousand metric tons and thousand dollars unless otherwise Specified) 
2010 2011 
А а а етет тты ыны ы ыш; CONSILIA т = шш ы М ы. 
Mineral or product Quantity Value Quantity Value 
Industrial Minerals: 
Abrasives, manufactured: 


Aluminum oxide, crude metric tons 20,000 67,900 19,900 74,700 

Metallic abrasives do. 30,800 41,300 39,500 55,000 

Silicon carbide, crude, ground and refined до. 23,100 56,000 27,800 59,000 
Asbestos, includes reexports: 

Manufactured NA 27,000 NA 27,000 


Unmanufactured . metric tons 17] 121 169 207 
Barite, natural barium sulfate do. 109,000 17,800 98,300 17,300 
Boron minerals and compounds: 

Boric acid, includes orthoboric and anhydrous 264 170,000 235 166,000 

Sodium borates 423 


218,000 492 244,000 
Bromine: a МИНИ 
Compounds, includes methyl bromine and ethylene dibromide, bromine 
content | metric tons 3,620 14,300 2,560 9,610 
Elemental, gross weight do. 4,530 7,970 4,580 8,790 
Cement, hydraulic and clinker 1,180 168,000 1,410 187,000 
Clays: 
Ball 45 3,300 49 2,890 
Bentonite 953 143,000 1,020 167,000 
Fire 404 ‚ 61,500 371 61,600 
Fuller's earth 100 35,400 102 45,900 
Kaolin ——— 2,470 537,000 2,490 555,000 
Other, n.e.c.?, includes сћатоце or dinas earth, activated clays and earths, artificially 
activated clays 382 ' 82,200 ' 358 76,400 
Diamond с ИОН 
аки _ 23,700 — 14,100,000 16,000 18,200,000 
Industria] including exports and геехрогіѕ: 
они 1,080 23,400 1,260 32,100 
"pcd piii — — — —— — — — d 131,000 61,500 167,000 81,400 
 Diatomite 86 44,500 106 55,800 
—Feldspar | metric tons 16,800 2,280 17,000 2,020 
— Fluorspar do. 17,900 2,740 24,100 3,780 
— Gamet, industrial do. 11,700 14,400 14,500 14,100 
Graphite, natural and artificial do. 45,600 152,000 60,200 191,000 
Gypsum and sum products: 
— Crude. 360 19,300 316 20,000 
— Plasters | 190 42,200 307 48,200 
е CR | 729 129,000 833 149,000 
— Othe, о | XX 66,200 XX 68,600 
5 zu Grade-A million cubic meters 77 NA 84 NA 
AS a T 
dese РА 1,070 22,300 900 19,200 
Сы 442 9,330 344 7,250 
аа 8,750 ' 15,700 ' 8,650 14,900 
oe 44,700 34,400 53,400 36,700 
Саи — —— — — ———— 38 11,300 38 11,600 
А ee 215 36,200 231 40,100 
EN o нт 00 аай т 
ECT — to 6,960 43,600 » 
mpounds: 
E e — — À 34,900 25,100 42,600 28,300 
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TABLE 7—Continued , 
U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS" 


(Thousand metric tons and thousand dollars unless otherwise specified) 


ee ee ee ee ee een a Y T T 
2010 2011 


Mineral or product 
Industrial Minerals—Continued: 
Magnesium compounds—Continued: 
Magnesite, crude and processed—Continued: 


Other magnesia metric tons 
Crude do. 
Mica: 
Scrap and flake: 
Powder do. 
Waste do. 
Sheet: 
Unworked do. 
Worked do. 
Nitrogen, major compounds, nitrogen content 
Peat 
Perlite, crude? metric tons 
Phosphate rock: 
Diammonium phosphate 


Elemental phosphorus 
Monoammonium phosphate 


Phosphoric acid 
Potash: 
Potassium chloride metric tons 
Potassium sulfates, all grades do. 
Potassium nitrate do. 
Pumice and pumicite 
Salt 
Sand and gravel: 
Construction: 
Sand 
Gravel 
Industrial 
Silica, special stone products 
Soda ash 
Stone: 
Crushed 
Dimension 
Strontium compounds: 


Carbonate, precipitated kilograms 
Oxide, hydroxide, peroxide do. 
Sulfur: 
Elemental 
Sulfuric acid, 100% H,SO, 
Talc, excludes powders-talcum (in package), face, compact 
Vermiculite 
Wollastonite* metric tons 
Zeolites” do. 
Total 
Grand total 
“Estimated. ‘Revised. do. Ditto. NA Not available. XX Not applicable. -- Zero. 
'Table includes data available through May 9, 2013. 
“Data are rounded to no more than three significant digits; may not add to totals shown. 
Not specifically provided for. 
^Excludes Puerto Rico. 
*Not elsewhere classified. 
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Quantity 


53 

879 
1,420 € 

69 

42,000 


4,090 

18 

2,330 
674 * 


248,000 
555,000 
9,990 
13 

595 


121,000 
707,000 


1,450 
215 
240 ' 

2 
10,000 
400 
XX 
XX 


Value 


1,710,000 
56,600 
1,000,000 
235,000 


NA 
NA 
9,070 
5,970 
69,300 


16,600 
6,010 
323,000 
11,300 
886,000 


52,100 
54,500 


105 
395 


171,000 
26,400 
54,300 ' 

1,360 ' 
3,120 
94 
21,300,000 * 
86,600,000 " 


65,100 
594,000 
16,400 
14 

846 


XX 


2,190,000 
45,700 
1,650,000 
408,000 


NA 
NA 
10,700 
6,420 
87,500 


21,900 
6,310 
371,000 
11,100 
1,040,000 


41,800 
66,000 


41 
МА 


266,000 
41,500 
47,200 

1,380 

3,120 

259 
27,200,000 
115,000,000 
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U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTs, EXCLUDING MINERAL FUELS"? 


(Thousand metric tons and thousand dollars unless otherwise Specified) 
2010 2011 
• е Ф ч 
Mineral or product Quantity Value? Quantity Value? 


Metals: 
Aluminum: 
Crude and semicrude metric tons 
Manufactures 


4,120,000 10,300,000 4,290,000 — 1 1,900,000 
do 281,000 930,000 316,000 1,120,000 
Antimony: 
Metal do. 5,360 39,100 5,040 60,700 
Ore and Concentrate, antimony content do. 181 1,840 288 4,150 
Oxide, antimony content do. 20,600 144,000 18,200 197,000 
Arsenic: 
Acid do. 60 43 24 42 
Metal do. 769 2,440 628 2,130 
Sulfide do. 13 35 2 28 
Trioxide do. 5,920 2,830 6,570 3,240 
Bauxite and alumina: ET 
Alumina, calcined equivalent 1,790 ' 734,000 г 2,280 1,020,000 
Bauxite: 
Calcined, refractory and other grade 690° 146,000 353 58,200 
Crude and dried 8,120 411,000 4 9,540 514,000 * 
Specialty aluminum compounds, suifate, chloride, fluoride-based metric tons 50,200 53,300 52,600 63,600 
Beryllium, ore, concentrates, oxide, hydroxide, unwrought including powders, 
Waste and scrap, Other, beryllium-copper master alloys, beryllium-copper plates, 
Sheets, Strip, beryllium content kilograms 271,000 20,600 92,000 26,100 
Bismuth, metallic do. 1,620,000 30,100 1,750,000 41,100 
НВ 4,910 509 9,140 786 
ии  —— — — 7 255,000 3,400 230,000 2,870 
moa —— ш 216,000 2,400 201,000 1,240 
B Tr —— EH — € 59 6 23 4 
| c 7-— ED — 
BL LP Rte E Нины 139,000 29,500" 191,000 67,900 
—Mehand alg — — ———— повела 
а ааа 524,000 791,000 538,000 824,000 
Metal, unwrought powders, waste and scrap, other do. 13,000 148,000 13,600 192,000 
Oxides, hydroxides, trioxide and other do. 8,240 27,900 7,100 27,300 
Sulfates do. 325 351 308 368 
Salts of oxometallic or Peroxometallic acids, zinc and lead chromate, sodium 
dichromate, potassium dichromate, other do. 769 2,730 673 2,410 
M o MSN ME E. 242 4,370 276 5,690 
тона ааа 2,280 11,600 2,650 13,600 
Obalt: 
И C NN NONE 5с 
a D — X 
Powder, may include intermediate Toducts of cobalt metallurgy do. 8,750 350,000 8,020 296,000 
к г "а, 1,450 60,700 1,870 61,200 
К ша EL M 
ER 0 e — 634,000 4,680,000 687,000 6,190,000 
Cii “< — 234,000 1,630,000 264,000 2,320,000 
eed аана 95,800 403,000 110,000 553,000 
кеш с рсе” 7,650 4,180 8,690 5,120 
у з о: 8,730 27,900 8,050 32,400 
E — 59,200 19,200 85,700 43,700 
Er e — "€ LA NEED NE 
ELT Do RE 27,000 25,900 28,300 , 


ST 
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TABLE 8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS!” 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2010 2011 
Mineral or product Quantity Value? Quantity Value? 
Metals—Continued: 
Gold: 
Ores and concentrates kilograms 257,000 58,000 203,000 115,000 
— Doreandpreipiats © do. 148,000 4,520,000 161,000 6,910,000 
~ Bullion,refined о чо. 199,000 7,020,000 143,000 6,010,000 
__Мачеапазстар de 46,100 722,000 57,400 849,000 
. Metal powder do 652 11,500 437 7,570 
Compounds do. 43,500 1,480 37,600 1,630 
Indium, unwrought metal and powders do. 117,000 58,700 146,000 91,000 
Iron and steel: 
Steel mill products 21,700 NA 25,900 NA 
Fabricated steel products 4,110 NA 4,270 NA 
Cast iron and steel products 605 NA 751 NA 
Stainless steel metric tons 813,000 NA 968,000 NA 
Iron and steel scrap: 
Ferrous, includes tinplate and terneplate, excludes used rails for rerolling and other uses 
and ships, boats, and other vessels for scrapping 3,780 1,420,000 4,010 1,650,000 
Pig iron, all grades 3,780 1,540,000 4,190 2,120,000 
Direct-reduced iron, steelmaking grade 1,640 607,000 1,800 715,000 
Ships, boats, and other vessels for scrapping (5) 226 (5) 50 
Used rails for rerolling and other uses, includes mixed (used plus new) rails 53 23,700 71 35,000 
Iron ore 6,420 703,000 5,270 841,000 
Lead: 
Base bullion metric tons 602 1,720 434 1,940 
Pigs and bars, lead content do. 271,000 559,000 313,000 700,000 
Pigments and compounds, lead content do. 28,600 61,000 26,400 62,500 
Scrap, reclaimed, includes ash and residues, lead content do. 3,730 8,880 2,400 5,380 
Wrought, all forms, including wire and powders, gross weight do. 1,290 6,270 2,450 11,100 
Magnesium: • 
Waste and scrap, gross weight do. 22,100 56,500 22,000 48,700 
Metal, gross weight do. 18,200 83,500 14,300 68,900 
Alloys, magnesium content do. 11,600 54,400 11,200 54,600 
Powder, sheets, tubing, ribbons, wire, other forms, magnesium content do. 788 9,160 974 12,800 
Manganese: 
Ores and concentrates with 20% or more manganese, manganese content do. 255,000 133,000 266,000 145,000 
Ferromanganese, all grades, manganese content do. 257,000 493,000 274,000 483,000 
Silicomanganese, manganese content do. 197,000 381,000 ' 232,000 417,000 
Metal, unwrought, other wrought, waste and scrap, gross weight do. 36,000 95,400 35,300 112,000 
Chemicals, manganese dioxide and potassium permanganate, gross weight do. 23,000 58,400 30,100 73,400 
Mercury: 
Metal do. 294 1,290 110 777 
Amalgams of precious metals whether or not chemically defined do. 23 69,800 ' 34 67,300 
Molybdenum: 
Ores and concentrates, including roasted and other, molybdenum content do. 12,900 314,000 14,700 460,000 
Chemicals, gross weight: 
Oxides and hydroxides do. 508 12,200 146 3,820 
Molybdates, all, molybdenum content do. 928 30,100 588 22,500 
Orange до. 349 2,730 328 2,790 
Ferromolybdenum, molybdenum content do. 3,560 130,000 3.210 119.000 
Other, includes powders, unwrought, bars and rods, waste and scrap, wire, other, | | 
_ Bross weight do. 1,840 87,800 2,520 128,000 
Nickel, nickel content: | 
Рпїтагу, unwrought and chemicals do. 129,000 2,790,000 138,000 3,370,000 
Secondary, stainless steel scrap and waste and scra do. 23,800 472.000 21.300 484 000 
Wrought, not alloyed, bars, rods, profiles, wire, sheets, strip, foil, tubes, pipes do. 677 21 100 827 31 700 
a oe ingot, bars, rods, profiles, wire, sheets, strip, foil, tubes, pipes, | 
other alloyed articles 
Ses Footnotes at end of a2 ___ 25500 565000 25,800 840,000 - 
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(Thousand metric tons and thousand dollars unless otherwise specified) 
2010 2011 
e ет А 
Mineral or product Quantity Value? Quantity Value? 
Metals—Continued: 
Niobium (columbium) and tantalum: 


Niobium: 
Ores and concentrates kilograms 
Oxide BEREG a 


i 


11,600 494 9,090 710 
do. 1,180,000 35,800 1,610,000 60,600 
Ferroniobium do. 9,660,000 237,000 10,600,000 289,000 
Unwrought powders do. 1,380,000 56,900 1,460,000 74,100 
Tantalum: 
Ores and concentrates, includes Synthetic concentrates do. 19,800 2,520 190,000 15,300 
Unwrought powders, waste and scrap, unwrought alloys and metal do. 1,470,000 140,000 1,670,000 150,000 
Wrought do. 114,000 31,500 124,000 53,600 
Platinum-group metals, metal content: 
Platinum, grains and nuggets, sponge, other unwrought, other, waste and 
Scrap, coins do. 152,000 2,510,000 129,000 3,290,000 
Palladium, unwrought and other do. 70,700 1,110,000 98,900 2,160,000 
Iridium, unwrought and other forms do. 3,530 65,900 2,880 59,400 
Osmium, unwrought do. 76 612 48 261 
Ruthenium, unwrought do. 14,100 82,500 13,200 69,300 
Rhodium, unwrought and other forms do. 12,800 914,000 13,100 844,000 
Rare earths, estimated equivalent rare-earth oxide (REO) content: 
Cerium compounds, including oxides, hydroxides, nitrates, sulfate chlorides, oxalates do. 1,770,000 ` 22,600 1,120,000 87,100 
Ferrocerium and other pyrophoric alloys do. 131,000 3,110 186,000 3,930 
Mixtures of rare-earth chlorides, except cerium chloride do. 956.000 12,000 382,000 51,700 
Mixtures of REOs €Xcept cerium oxide do. 5,480,000 38,300 1,830,000 102,000 
Compounds, including oxides, hydroxides, nitrates, other compounds except 
chlorides do. 3,980,000 96,300 3,770,000 475,000 
— Meals tiie aaa. 525,000 14,700 468,000 70,800 
Yttrium compounds content by weight greater than 19% but less than 85% oxide 
equivalent do. 73,500 2,060 34,700 11,800 
E tw” 
Metal do. 23,100 52,800 23,800 55,800 
Ammonium perrhenate do. 15,100 ' 34,500 г 13,800 26,400 
UE e 471,000 ' 34,100 589,000 69,700 
о о QUE EE ERRARE — 9,170 626 12,500 758 
Tellurium, tellurium content do. 41,600 9,040 70,800 13,100 
Er в 
осаат QR DEBERE 229.000 342,000 233,000 383,000 
i 175,000 748,000 190,000 884,000 
gS NIMM QUU Qu т ee 
ыйы ызны —— ——— — 316 77 114 27 
E a 4,330,000 2,890,000 5,250,000 5,660,000 
аа а 738,000 708,000 1,070,000 1,530,000 
a 788,000 170,000 344,000 214,000 
E TIT с а И ни 1,430 390 1,870 727 
— geb aM concentrates, silver cor =c concentrates, silver content do. 3,230 1,750 84,200 31,900 
—weimanufacture d forms containing 99.5% or more by weight of silver, gross weight do. 638,000 354,000 690,000 796,000 
Ske and scrap, gross weight do. 6,510,000 436,000" 8,820,000 519,000 
—Uawr Ought, other, gross weight do. 316,000 142,000 217,000 108,000 
lium, un unwrought powders, waste and scrap, other do. 783 204 203 120 
Orium: 
EC RR Bo a м аи 
Ti, goss мер materials, compounds meio ons 3 2 
“ШЕ ее о еа 753 13,300 769 20,200 
› ght do. 35,300 658,000 34,200 857,000 
See footnotes at end of table. 
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TABLE 8—Continued E: 
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS " 


(Thousand metric tons and thousand dollars unless otherwise specified) 


Mineral or product 
Metals—Continued: 
Tin, gross weight—Continued: 
Miscellaneous, includes tinfoil, tin powder, flitters, metallics, manufactures, 


n.s.p.£^ metric tons 
Tinplate and terneplate, gross weight do. 
Tinplate scrap, gross weight do. 
Titanium: 
Concentrate: 
Ilmenite do. 
Rutile, natural and synthetic do. 
Metal: 
Waste and scrap do. 
Unwrought do. 
Ingots do. 
Powder do. 
Other do. 
Wrought products and castings, includes bar, castings, foil, pipe, plate, profile, 
rod, sheet, strip, tube, wire, other do. 
Ferrotitanium and ferrosilicon titanium do. 
Pigment, dioxide and oxide do. 
Titaniferous iron ore do. 
Titaniferous slag do. 
Tungsten, tungsten content: | 
Ammonium paratungstate do. 
Ferrotungsten and ferrosilicon tungsten do. 


Miscellaneous tungsten-bearing materials, metal powders, carbide powder, 
unwrought, waste and scrap, wrought, oxides, calcium tungstate, other tungstates, 


other compounds do. 
Ores and concentrates do. 
Vanadium: 
Aluminum-vanadium master alloy, gross weight kilograms 
Ferrovanadium, vanadium content do. 
Metal, including waste and scrap, gross weight do. 
Miscellaneous chemicals, sulfates and vanadates, vanadium content do. 
Pentoxide, anhydride, vanadium content do. 
Vanadium-bearing ash and residues from the manufacture of iron and steel, 
vanadium oxide content do. 
Other oxides and hydroxides, vanadium content do. 
Zinc: 


Compounds, chloride, chromates of zinc or of lead, compounds n.s.p.f.°, lithopone, 
oxide, sulfate, sulfide, gross weight 


metric tons 
Ores and concentrates, zinc content do. 
Rolled do. 
Slab, refined do. 
Zirconium and hafnium: 
Hafnium, unwrought, including powders do. 
Zirconium: 
Ferrozirconium do. 
Ores and concentrates do. 
Oxide, includes germanium oxides and zirconium oxides do. 
Unwrought powder do. 
Waste and scrap do. 
Total 


Industrial minerals: 


Abrasives, manufactured: 
Aluminum oxide, crude, ground and refined 


2010 2011 

Quantity Value? Quantity Value? 
XX 53,200 XX 60,800 
464,000 500,000 367,000 431,000 
68,000 14,300 97,100 28,500 
377,000 37,600 377,000 39,600 
351,000 198,000 381,000 246,000 
10,700 75,500 13,900 116,000 
20,500 196,000 33,800 349,000 
237 3,880 655 12,500 
119 5,420 51 3,490 
88 3,980 209 7,500 
8,710 299,000 6,820 288,000 
2,740 11,500 2,070 11,700 
204,000 462,000 200,000 585,000 
83,100 6,760 96 23 
475,000 200,000 513,000 235,000 
2,510 56,400 2,020 77,700 
357 11,000 206 7,980 
6,820 237,000 7,370 409,000 
2,740 60,000 3,640 119,000 
951,000 ' 2,180 ' 278,000 1,210 
1,340,000 41,100 2,220,000 64,600 
9,660 434 43,900 1,930 
206,000 ' 4,650 ' 345,000 7,400 
4,000,000 53,700 ' 2,800,000 45,800 
521,000 5,570 1,420,000 1,570 
167,000 3,330 886,000 17,400 
ХХ 226,000 ХХ 241,000 
32,200 NA 26,700 NA 
3,440 NA NA NA 
671,000 NA 716,000 NA 
8 3,390 10 4,760 
45 246 88 406 
22,900 27,500 26,500 57,600 
2,920 52,700 3,020 56,700 
31 2,330 52 3,280 
1,130 70,600 ' 827 56,700 
XX 59,300,000 ' хх 5,800,000 


ја Daaa А 


: | йо. 185,000 136,000 223,000 174,000 
Metallic abrasives do. 43,400 25,300 49,600 34,700 
Silicon carbide, crude, ground and refined 


do. 143,000 165,000 129,000 201,000 
See footnotes at end of table. | 
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ТАВГЕ 8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS»? 


(Thousand metric tons and thousand dollars unless otherwise specified) 
2010 2011 
Mineral or product Quantity Value? Quantity Value? 
Industria] minerals— Continued: 
Asbestos: 
Chrys 


otile and other unspecified type metric tons 1,040 821 1,180 1,100 
Products with basis of asbestos, cellulose, or other minerals NA 5,790 NA 


5,660 

Barite: $< 

Chloride, oxide, hydroxide, peroxide, precipitated carbonate do. 7,430 7,900 7,210 11,000 
Crude do. 873,000 87,300 850,000 105,000 
Ground do. 1,220,000 91,500 1,450,000 121,000 


Other sulfates do. 
Boron minerals and compounds: 


Borax (5) 183 (5) 174 
Boric acid 50 30,100 57 40,800 
Colemanite 50 18,400 20 19,000 
Ulexite 


| 238 5 858 
Вгопупе: 
Compounds, contained bromine metric tons 44,300 г 86,300 г 46,100 101,000 
Elemental do. 2,620 997 2,200 
Cement, hydraulic and clinker’ а. 


14,700 17,000 15,100 18,500 


490,000 469,000 
Clays: 


China clay or kaolin 51,400 г 549 56,200 

Fire clay (5) 195° 2 893 
E ——— P — 1 138 (5) 148 
E UU АНА 


15 ' 5,080" 9 7,080 


Fuller’s earth ] 160 2 142 

Chamotte or dina’s earth (5) 110 (5) 121 

Artificially activated clay and cans = 28° 24,100 г 31 32,900 
Diamond, industrial 


Diamond stones, natural and miners’ thousand carats 1,720 32,300 2,460 48,400 
Powder, dust and grit, natural and synthetic do. 596,000 86,500 726,000 97,700 
Diatomite, Siliceous fossil meals metric tons 1,030 894 1,880 702 
Feldspar and nepheline syenite: 
—Feldspar __ do. 2,050 503 1,710 476 
Nepheline syenite do. 368,000 52,400 394,000 41,500 
E.R TEE = 
uu O EE 38,000 49,200 41,200 58,400 
а NNNM ена аалам 5,320 6,510 9,560 11,000 
п 539,000 103,000 727,000 154,000 
нь 135,000 199,000 132,000 215,000 
[E re 79,700 ' 20,800" 116000 24,500 
ee 1,520,000 19,600,000 1,740,000 23,500,000 
ae ean 
ма ш == 65,400 52,100 71,800 81,300 
Electric furnace electrodes do. 88,200 342,000 110,000 372,000 
Crude 3,330 41,800 3,330 44,000 
E. e 15 7,180 14 7,780 
M зе еее ыы ы и 32,400 235 30,800 
ренин хх 29,600 XX 34,700 
lodine: 
5,710 139,000 ' 6,590 251,000 
423 9,700 € 366 5,400 


Crude etric tons 

Potassium iodide т до 

Tron oxide Pigments: 

a Е 
$ 


ynthetic do 
ee 


- Е 3,360 2,390 3,310 2,310 
: 148,000 164,000 154,000 186,000 
S footnotes at end of table. do 
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TABLE 8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS"? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2.30 


2010 2011 
—Miineralorproduct Quantity у Quantity Маше _ 
Industrial minerals—Continued: 
Kyanite, andalusite, sillimanite metric tons 2,180 938 5,390 2,230 
Lime 445 61,500 512 69,900 
Lithium chemicals: 
Carbonate metric tons 9,500 41,300 14,400 55,400 
___ Hydroxide 1,070 5,300 800 8,890 
Magnesium compounds: 
Compounds, chlorides, hydroxide, peroxide, sulfates do. 122,000 49,000 119,000 52,900 
Magnesite, crude and processed: 
Caustic-calcined magnesia do. 127,000 40,300 111,000 40,300 
Dead-burned and fused magnesia do. 323,000 161,000 384,000 234,000 
Other magnesia do. 12,000 14,500 28,700 25,700 
Crude do. 22,400 8,420 11,600 5,790 
Mica: 
Scrap and flake: 
Powder do. 22,000 16,900 24,300 15,100 
Waste do. 4,400 2,390 3,200 1,810 
Sheet: 
Unworked do. 51 180 172 254 
Worked do. 1,930 16,200 2,020 19,700 
Nitrogen, major compounds, nitrogen content 9,640 5,930,000 9,780 8,530,000 
Peat moss metric tons 947,000 225,000 982,000 228,000 
Perlite, processed crude do. 174,000 17,700 193,000 22,000 
Phosphate rock and phosphatic materials: 
Phosphate rock: 
Unground 1,280 117,000 ^ 2,450 345,000 ^ 
Ground 605 48,900 4 402 62,800 * 
Dicalcium phosphate 7 9,990 * 7 10,800 ^ 
Elemental phosphorus 7 23,500 ^ 5 18,700 ^ 
Normal superphosphate 4 1,400 4 4 1,580 * 
Triple superphosphate 189 66,900 * 207 113,000 ^ 
Diammonium phosphate 190 101,000 ^ 260 155,000 “ 
Monoammonium phosphate 269 142,000 "^ 602 361,000 * 
Fertilizer containing nitrates and phosphates (5) 182 4 2 895 * 
Phosphoric acid 31 20,600 * 1 185 * 
Potash, chloride, sulfate, nitrate, sodium nitrate mixtures 7,840 2,620,000 8,210 3,450,000 
Pumice: 
Crude or unmanufactured metric tons 34,100 758 22,600 494 
Wholly or partially manufactured do. 1,140 1,430 $21 721 
Salt 12,900 322,000 13,800 367,000 
Sand and gravel: 
Construction 2,670 95,900 ^ 3,440 64,800 * 
— Industrial ОИ 132 19,300 € 316 87,900 
_Silica, special stone products — — — — — NA 8,990 NA 11,300 
Мал з А шав ак са са питати ал а 20 5,770 27 5,660 
Stone: 
___Crushed, chips, calcium carbonate fines, excludes precipitated carbonates __________ 14,600 185,000 4 15,000 179,000 4 
mM | ee ес оу сз ПИ оне. XX 1,500,000 ' XX 1,590,000 
mio Бен ee ee пена пали та ы-ы сы ы 
M —— м 11,700,000 8,310 14,200,000 14,700 
Celes do. 5,400,000 245 16,700,000 768 
м 118,000 686 175,000 1,250 
Oxide, hydroxid id do. 3,580,000 4,760 3,250,000 3,660 
See footnotes at end of table. | 
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TABLE 8—Continued 
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS!:2 


(Thousand metric tons and thousand dollars unless otherwise specified) 
2010 2011 
Mineral or product Quantity Value? Quantity Value? 
Industrial minerals— Continued: 
Sulfur: 
Elemental 2,950 214,000 3,270 * 301,000 
Sulfuric acid, 100% 50, 2,110 155,000 ' 2,670 261,000 
Talc, unmanufactured 242 67,100 270 70,300 
Vermiculite 29 9,740 53 28,000 
Wollastonite* metric tons 4,000 540 4,000 540 
Zeolites* do. 150 32 100 21 
Total XX 34,500,000 : XX 43,400,000 
Grand tota] XX 93,900,000 г XX 119,000,000 
"Estimated. "Revised. do. Ditto. NA Not available. XX 
‘Table includes data available through May 9, 2013. 


‘Cost, insurance, and freight value. 
"Less than % unit, 


ot specifically provided for. 
Excludes Puerto Rico. 


Hand sharpening or polishing stones. 
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ТАВГЕ 9 
WORLD AND U.S. PRODUCTION OF SELECTED NONFUEL MINERAL COMMODITIES! 


(Thousand metric tons unless otherwise specified) 


United States 
Percentage 
World total of 
Mineral or product 2007 2008 2009 2010 2011 2011 world total 
Metals: 
Alumina 77,700 ' 82,900 ' 76,700 ' 85,100 * 91,600 * 3,570 3.9 
Aluminum? 37,900 € 39,700 ' 37,100 ' 41,200 ' 44,400 * 1,990 4.5 
Antimony metric tons 180,000 183,000 € 154,000 175,000 ' 178,000 * - — 
Arsenic trioxide” ° do. 53,900 € 51,900 ' 48,100 ' 46,800 ' 45,800 - — 
Bauxite” ^? 214,000 226,000’ 215,000!" 239,000" 262,000 € МА МА 
Beryl? metric tons 4,360 4,940 3,590 5,090 ' 6,530 * 5,920 90.6 
Bismuth, гећпегу“ do. 15,600 ' 16,600 14,800 " 15,200 ' 14,700 = -- 
Cadmium, refinery do. 18,700 ' 21,800 * 20,200 * 22,800 ' 22,200 * W NA 
Chromite? 22,500 ' 23,800 ' 19,600 ' 24,000 ' 23,300 * – -- 
Cobalt, Co content: 
Mine metric tons 73,700 ' 79,100 ' 78,800 € 106,000 € 109,000 • -- -- 
Refinery do. 53,500 ' 57,500 ' 62,100 ' 79,400 ' 82,200 -- -- 
Copper: 
Mine 15,500 15,600 16,000 ' 16,100 ' 16,100 1,110 6.9 
Smelter 14,200 ' 14,600 ' 14,900 15,500 € 15,700 538 3.4 
Refinery 17,900 18,300 18,300 : 19,100 19,700 1,030 5.2 
Gold metric tons 2,350 2,280 2,490 ' 2,570 г 2,660 234 8.8 
Indium, refinery kilograms 631,000 613,000 583,000 658,000 ' 662,000 -- — 
Iron ore? 2,040,000 2,200,000: 2,220,000" 2,590,000 2,940,000 * 54,700 1.9 
Iron and steel: 
Direct-reduced iron? 65,000 ' 66,900 € 65,400 € 71,000 € 76,300 - -- 
Pig iron 956,000 931,000 921,000" 1,040,000" 1,090,000 30,20 2.8 
Raw steel 1,350,000 1,330,000 1,240,000 1,440,000: 1,520,000 86,400 5.7 
Іеаа: " 
Mine, Pb content 3,700 ' 3,870 ' 3,860 ' 4,150 ' 4,690 342 7.1 
Кећпегу 8,320 ' 8,790 ' 8,930 ' 9,610" 10,200 1,250 12.3 
Мартен ште ° metric tons 751,000 670,000 598,000 755,000 ' 771,000 W NA 
Manganese ore? 34,500 ' 37,900 ' 33,500 € 43,900 " 46,600 -- == 
Mercury” metric tons 1,200 1,820 1,960 2,250 2,010 • у $ МА 
Molybdenum, Mo content do. 212,000 218,000 220,000 " 244,000 ' 264,000 * 63,700 7 24.1 
Nickel, Ni content: 
Mine 1,740 ' 1,610 € 1,450 ' 1,710 ' 1,960 - -- 
Niobium (columbium)-tantalum 
concentrates’ metric tons 412,000" 430,000 € 426,000" 435,000 ' 465,000 * = -- 
Platinum-group metals kilograms 509,000 ' 468,000 447,000 ' 466,000 ' 484,000 16,100 3.3 
Rhenium® do. 44,800 ' 50,300 ' 41,400 ' 44,700 € 50,700 8,610 17.0 
Selenium? 5 metric tons 2,240 ' 2,240 ' 2,240 ' 2,210: 1,980 * W NA 
Silver do. 20,800 21,400 22,200 ' 23,800 ' 23,300 1,120 4.8 
—Ielurum"^" kilograms 124,000 128000 106,000' 89,000" 8000 № NA 
Tin: 
Mine metric tons 301,000 ' 257,000 252,000 ' 247,000 ' 244,000 * – -- 
Smelter? do. 346,000 334,000 € 335,000 ' 337,000 € 339,000 • 11,000 3.2 
Tungsten, W content do. 53,600 ' 62,000 € 60,500 ' 67,700 ' 73,100 * W NA 
Vanadium' do. 61,600 ' 58,800 ' 71,700 ' 74,200 ' 74,300 W NA 
Mine, Zn content of concentrate and 
direct shipping ore 11,100 ' 11,800 ' 11,500 € 12,200 ' 12,800 769 6.0 
Smelter 11,400 11,700 11,400 € 12,800 ' 13,100 248 1.9 
Industrial minerals: SSS з э = 
Asbestos 2,250 2,110 2,130 2,040 € 2,030 -- ых 
arite 7,960 € г г r 
'Seefootnotesatendofubis  — ы 60 6610* - $130" o 8370 à ^ 710? 85 
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ТАВГЕ 9—Continued 
WORLD AND U.S. PRODUCTION OF SELECTED NONFUEL MINERAL COMMODITIES' 


(Thousand metric tons unless otherwise specified) 
United States 
Percentage 
World total of 
Mineral or product 2007 2008 2009 2010 2011 2011 world total 
Industrial minerals—Continued: 
Boron minerals 4,200 4,480 3,710 € 4,050 ' 4,550 * W NA 


Bromine metric tons 415,000 415,000 367,000 г 695,000 € 683,000 Ww? NA 
Celesite 655,000 € 398,000 ' 404,000 ' 375,000 • | 
Cement, hydraulic 3,270,000 "€ 


3,610,000 


1,130 € 
148,000 ' 147,000 148,000 
26,500 27,200 ' 26,500 ' 26,800 W 
1,030,000 * 872,000 ' 902,000 893,000 W NA 
475,000 ' 408,000 ' 332,000 ' 389,000 ' 434,000 98,000 !!.12 22.6 
312,000 ' 297,000 313,000 ' 331,000 * 
: 428,000 ' 344,000 " 467,000 € 610,000 W NA 
21,400 ' 18,200 20,000 * 20,500 


1,150 


157,000 " 


26,300 


Kyanite and related minerals° 
Lime 


metric tons 


Mica, including Scrap and flake”? 
Monazite concentrates" 
Nitrogen, N con 


129,000 " 


1,780,000 
166,000 ' 
33,700 


267,000 ' 
124,000 € 
47,000 : 


Titanium concentrates? 
Ilmenite and leucoxene 7,140 7,060 ' 


Rutile? 19 


| 
Gross Weight, 


Individua] country figure i 
. S that 
Insufficient to n Pun 


Mis Pun for years listed does not include U.S. production. 
7, У Production of Mercury is byproduct only. 


Listed in molybdenum chapter (table 1) as production, 


, Includes tin content of alloys made directly from ore. 


| Quantity Sold or useq by producers, 
Includes Puerto Rico, 


figu cluded in the worl d total represent dried bauxite equivalent of crude ore, but for some countries available data are 
permit this adjustment. 
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TABLE 9—Continued 


WORLD AND U.S. PRODUCTION OF SELECTED NONFUEL MINERAL COMMODITIES! 


Datum is rounded to no more than two significant digits. 

"Includes synthetic mullite. 

"Excludes, if any, U.S. production of low-quality sericite and sheet mica. 

Synthetic anhydrous ammonia; excludes coke oven byproduct ammonia. 
Horticultural use. 

'8U.S. production is natural only. 

"Excludes United States proprietary pyrophyllite production. 

Includes United States rutile production to avoid disclosing company proprietary data. 
Totals exclude United States proprietary rutile production. 
P'Included with ilmenite to avoid disclosing company proprietary data; not included in “Total.” 
? Data rounded to one significant digit. 
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MINING AND QUARRYING TRENDS 
By Mary E. Ewell 


Domestic survey data were prepared by the author and the statistical assistants who have responsibility for the mineral 


commodities covered in this report. 


The mining and quarrying trends shown in this report were 
calculated from nonfuel mineral data reported to the U.S. 
Geological Survey (USGS) by mining and quarrying companies 
operating in the United States. The data for 2011 were 
reported on the “Mine, Development, and Mineral Exploration 
Supplement” statistical Survey conducted by the USGS and on 
the production surveys for some more widely produced nonfuel 
mineral commodities, such as sand and gravel. Additional 
data for 2011 were derived from annual USGS production 
and consumption surveys of nonfuel mineral producers; 
these surveys accounted for 58 nonfuel mineral commodities 
produced in the United States. Nonfuel minerals do not include 
Coal, petroleum coke, and related products. 

The data in the following tables are reported according to the 
primary or principal product of a mine or operation; a product 
of lesser value is considered to be a byproduct. The primary 
product is the product with the highest total value for the year. 
In some instances, the values of two products at the same 
operation are so similar that the products are coproducts. 

Total domestic mining and waste removal for nonfuel mineral 
materials production amounted to 5.04 billion metric tons (Gt) 
in 2011, about the same level as the revised figure for 2010 
(table 1). These materials included about 3.75 Gt of crude ore 
mined or quarried and 1.29 Gt of mine ore and waste from 
development operations. Of the nonfuel mineral materials (ore 


and waste) removed, 49% was for the production of industrial 
minerals, and 51% was for the production of metals. Overall, 
97% of nonfuel mineral materials was mined and quarried using 
surface methods, and 3% was mined underground. 

Total surface mining, quarrying, and waste removal for 
industrial minerals production amounted to 2.34 Gt, virtually 
unchanged from the revised 2010 total. Crude ore mined at these 
surface operations was 2.13 Gt, and 211 million metric tons (Mt) 
was waste removed, including ore and waste from development 
operations. Underground mining for industrial minerals was 130 
Mt, nearly all of which was crude ore. 

Total surface mining and waste removal to obtain metal ores 
amounted to 2.56 Gt, a 3% increase compared with the revised 
2010 total. Of the 2.56 Gt, 1.47 Gt was crude ore mined, and 
1.08 Gt was ore and waste from development operations. 
Underground mining of metal ores and waste removal amounted 
to 17 Mt, of which 94% was crude ore. 

The leading States in which mining for nonfuel mineral 
materials took place were, in descending order of total 
material handled, Nevada, Arizona, Texas, Minnesota, Florida, 
California, Pennsylvania, Michigan, Utah, and Missouri 
(table 2). These 10 States accounted for 56% of the tonnage 
removed in the production of nonfuel mineral materials mined 
in the United States. Nearly all nonfuel mine production in these 
States was from surface operations. 
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ТАВГЕ 1 
MATERIAL HANDLED AT SURFACE AND UNDERGROUND MINES IN THE UNITED STATES, BY ТҮРЕ! 


(Million metric tons) 
All mines 


Surface? Underground" 


Type of ore and year Crude ore Waste’ Total Crudeore Waste’ Total _ Crudeore Waste’ Total 
Metals: 
2007 1,370 1,120 2,500 19 3 22 1,390 1,130 2,520 
2008 1,460 1,170 2,630 18 4 21 1,480 1,170 2,650 
2009 1,330' 1,090" 2,420° 13 1 15 1,340" 1,0907 2,430' 
2010 1,400" 1,080" 2,480 " 14° 1 16° 1,410" 1,080: 2,500' 
2011 1,470 1,080 2,560 16 1 17 1,490 1,080 2,570 
Industrial minerals: 
2007 2,900 265 3,170 129 (5) 130 3,030 265 3,290 
2008 2,520 251 2,770 150 1 151 2,670 252 2,920 
2009 2,070 210 2,280 123 | 124 2,190 210 2,400 
2010 2,080 205 2,290: 128 ] 129 2,210 206 2,420 ' 
2011 2,130 211 2,340 129 ] 130 2,260 211 2,470 
All mineral commodities: 
2007 4,270 1,390 5,660 148 3 151 4,420 1,390 5,810 
2008 3,970 1,420 5,390 168 4 172 4,140 1,420 5,570 
2009 3,400" 1,300° 4,690‘ 136 2 138 3,530" 1,300° 4,830" 
2010 3,480" 1,290° 4,770' 143 ' 2 145 ' 3,620" 1,290" 44,910" 
2011 3,600 1,290 4,890 145 2 147 3,750 1,290 5,040 
"Revised. 


! Data are rounded to no more than three significant digits; may not add to totals shown. 
? Includes materials from wells, ponds, and pumping operations. 

*Includes solution mining. 

“Includes ore and waste from development operations. 

?Less than % unit. 
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TABLE 3 
VALUE OF PRINCIPAL MINERAL PRODUCTS AND BYPRODUCTS OF SURFACE AND UNDERGROUND MINES IN THE UNITED STATES IN 2011! 


(Dollars per metric ton) 
Surface Underground All mines 
Principal Principal Principal 
mineral mineral mineral | 
Commodity product _ Byproduct Total product — Byproduct Total product Byproduct Total 
Metal ore: 

Copper? 8.95 W 8.95 3 = Е -- 8.95 W 8.95 ? 
Gold 50.56 W 50.56 ? W W W 50.56 W 50.56 3,4 
Iron 99.45 > -- 99.45 > -- -- - 99.45 > -- 99.45 > 

Average, metals 38.15 W 38.15? 196.02 41.68 237.70 40.56 W 40.56 3 

Industrial minerals: 

Clays 60.28 -- 60.28 W -- W 60.28 -- 60.28 * 
Feldspar’ 62.43 - 62.43 -- = -- 62.43 -- 62.43 
Gypsuin 8.31 -- 8.31 W -- W 8.31 -- 8.314 
Phosphate rock 96.64 3 -- 96.64 3 Е Е — 96.64 $ = 96.64 $ 
Pumice” 22.89 - 22.89 -- = -- 22.89 -- 22.89 
Salt W — W 38.64 > -- . 3864? 38.64 > 19 -- 38.64 > 10 
Sand and gravel: 

Construction 7.43 -- 7.43 -- -- -- 7.43 -- 7.43 

Industrial 45.71 = 45.71 W -- W 45.71 ^ -- 45.71 4 
Sodaash  . -- — -- 147.24 W 147.243 147.24 -- 147.24 
Stone: 

Crushed 9.68 - 9.68 9.68 -- 9.68 9.68 — 9.68 

Dimension 189.62 -- 189.62 W -- W 189.62 4 -- 189.62 3 
Talc 35.43 -— 35.43 -- -- -- 35.43 -- 35.43 
Average, industrial minerals" 11.67 0.20 11.87 27.12 W 27.12 12.57 0.20 12.77 
Average, industrial minerals, excluding 

sand and gravel and stone!! 35.79 0.50 36.29 52.05 W 52.05 39.35 0.39 39.74 
Average, metals and industrial minerals® |! 15.66 0.78 16.44 45.54 4.54 50.09 16.95 0.94 17.89 
Average, metals and industrial minerals, 

excluding sand and gravel and stone” н 24.71 1.65 26.36 86.99 10.11 97.10 27.66 2.05 29.71 


W Withheld to avoid disclosing company proprietary data; included in appropriate “Average.” -- Zero. 

"Values calculated from unrounded data; may not add to totals shown because of independent rounding. 

"Includes copper-molybdenum. With increased adoption of leaching technology, there may be less distinction between ore and waste. Significant tonnages of 
low-grade material, formerly classified as waste, are now considered to be low-grade leachable ore by some companies, resulting in a large shift in the ore-to- 
waste ratios and a reduction in ore value. 

?Value of principal mineral product only. 

“Value of products at surface operations only. 

? Average value at mines only. 

“Includes beryllium, gold-silver, lead, magnesium metal, molybdenum, platinum and palladium, silver, titanium, uranium, zinc, zinc-lead, zinc-silver, and metals 
indicated by symbol W. 

"Includes aplite. 

8 Average value based on the sold or used values. 

?Excludes volcanic cinder and scoria; included with *Crushed stone." 

I Value of products at underground operations only. 

"Includes values of abrasives, barite, boron minerals, bromine, diatomite, emery, garnet, greensand marl, iodine, iron oxide pigments, kyanite, lithium minerals, 
magnesite, magnesium compounds, mica, olivine, perlite, potash, tripoli, vermiculite, wollastonite, zeolites, and industrial minerals indicated by symbol W. 
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TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL MINES AND QUARRIES IN THE UNITED STATES IN 201 1, 


IN ORDER OF OUTPUT OF CRUDE ORE! 
Name of mine, quarry 
or operation’ State Operator Commodity Mining method 
Metal: 
Morenci Arizona Freeport-McMoRan Copper & Gold Inc. Copper-molybdenum Open pit. 
Eastern Nevada о erations” Nevada Newmont Mining Corp. Gold Open pit and underground. 
Cortez* do. Barrick Gold Corp. do. Open pit. 
Goldstrike? do. do. do. Open pit and underground. 
Bagdad Arizona Freeport-McMoRan Copper & Gold Inc. Copper-molybdenum Open pit. 
Sierrita do. do. do. Do. 
Safford do. do. Copper Do. 
Bald Mountain Nevada Barrick Gold Corp. Gold Do. 
Minntac Minnesota United States Steel Corp. Iron ore Do. 
Bingham Canyon Utah Kennecott Utah Copper Corp. Copper-molybdenum Do. 
Mission Complex Arizona ASARCO LLC’ Copper Do. — POR SENSN 
Ray do. do. do. Do. 
Tyrone New Mexico Freeport-McMoRan Copper & Gold Inc. d Do. 


о. 
Chino do. do. Copper-molybdenum Do. 
Hibbing Taconite Minnesota Cliffs Natural Resources Inc. . Iron ore Do. 
Miami Arizona Freeport-McMoRan Copper & Gold Inc. Copper Do. 
Smoky Valley Common Nevada Kinross Gold Corp. Gold Do. 
Operation 


Marigold do. Goldcorp Inc. do. Do. 
Tilden Michigan Cliffs Natural Resources Inc. Iron ore Do. 
Ruby Hill Nevada Barrick Gold Corp. Gold Do. 
Cresson Colorado AngloGold Ashanti Ltd. do. Do. 
Golden Sunlight Montana Barrick Gold Corp. do. Do. 
Keetwatic Taconite Minnesota United States Steel Corp. Iron ore Do. 
Northshore do. Cliffs Natural Resources Inc. d Do. 


о. 


United Taconite | до. до. . : 
Industrial mineral: 

Florida mines (five) Florida The Mosaic Co. Phosphate rock Do. 

Swift Creek do. PCS Phosphate Co., Inc. do. Do. 

Beckmann Texas Martin Marietta Aggregates Stone, crushed Quarry. 

Aurora North Carolina PCS Phosphate Co., Inc. Phosphate rock 


Do. 
Texas Crushed Stone Co., Inc. do. Do. 


—TXI Operations Operations LP Texas Texas Industries, Inc. Stone, crushed Do. 
Boscobel Plant Virginia Luck Stone Corp. do. Do. 
Ste. Genevieve Quarry | | 


Ро. 


List Includes Private-sector operations only; excludes U.S. Bureau of Land Management and U.S. Forest Service operations. 
ere data are not reported for individual mining operations, ranking is on the basis of production as reported for a group of operations. MD 
cludes Carlin Mines complex, Carlin East Mine, Gold Quarry Mine, Leeville Mine, Midas Mine, North Lantern Mine, Pete Mine, Phoenix Mine, 
ne, and Turquoise Ridge Mine; ore was mined from seven open pits and eight underground mines. 
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TABLE 4—Continued 


TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL MINES AND QUARRIES IN THE UNITED STATES IN 2011, 


“Includes Cortez Hills and Cortez Pipeline Mines. 


*Includes Storm Mine. 


*Wholly owned subsidiary of Rio Tinto plc. 
"Wholly owned subsidiary of Grupo Mexico, S.A.B. de C.V. 


IN ORDER OF OUTPUT OF CRUDE 


TABLE 5 


ORE! 


TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL MINES AND QUARRIES IN THE UNITED STATES IN 2011, 
IN ORDER OF OUTPUT OF TOTAL MATERIAL HANDLED! 


Name of mine, quarry 


or operation” State Operator Commodity Mining method 


Metal: 


Eastern Nevada operations" 


р Меуада Newmont Mining Corp. Gold Open pit and underground. 
Morenci Arizona Freeport-McMoRan Copper & Gold Inc. _ Copper-molybdenum Open pit. 
Goldstrike* Nevada Barrick Gold Corp. Gold Open pit and underground. 
Cortez? do. do. do. Open pit. 
Bingham Canyon Utah Kennecott Utah Copper Corp. Copper-molybdenum Do. 
Bald Mountain Nevada Barrick Gold Corp. Gold Do. 
Minntac Minnesota United States Steel Corp. Iron ore Do. 
Bagdad Arizona Freeport-McMoRan Copper & Gold Inc. _ Copper-molybdenum Do. 
Sierrita do. do. do. Do. 
Safford do. do. Copper Do. 
Smoky Valley Common Nevada Kinross Gold Corp. Gold Do. 
Operation 
Tilden “Michigan Cliffs Natural Resources Inc. Iron ore Do. 
Robinson Nevada KGHM International Ltd.’ Copper-molybdenum Do. 
Marigold do. Goldcorp Inc. Gold Do. 
Cresson Colorado AngloGold Ashanti Ltd. do. Do. 
Ray Arizona ASARCO LLC® Copper Do. 
Hibbing Taconite Minnesota Cliffs Natural Resources Inc. гоп ore Do. 
Mission Complex Arizona ASARCO LLC® Copper-molybdenum Do. 
Mesquite California New Gold Inc. Gold Do. o 
Ruby Hill Nevada Barrick Gold Corp. do. Do. 
Golden Sunlight Montana do. do. Do. 
Thompson Creek Mine Idaho Thompson Creek Metals Co., Inc. Molybdenum Do. 
Keetwatic Taconite Minnesota United States Steel Corp. iron ore Do. 
United Taconite do. Cliffs Natural Resources Inc. do. Do. 
Tyrone New Mexico Freeport-McMoRan Copper & Gold Inc. Copper Do. 
Industrial mineral: 
Florida mines (five) Florida The Mosaic Co. Phosphate rock Do. 
Boron Mine California U.S. Borax Inc. Boron Do. 
South Pasture Florida CF Industries, Inc. Phosphate rock Do. 
Swift Creek do. PCS Phosphate Co., Inc. do. Do. 
Aurora North Carolina do. do. Do. 
Beckmann Texas Martin Marietta Aggregates Stone, crushed Quarry. 
Balcones Plant do. CEMEX S.A.B. de C.V. do. Do. 
White Rock Florida Vecellio & Grogan, Inc. do. Do. 
Peerless Mine Missouri Mississippi Lime Co. do. Underground. 
Ste. Genevieve Quarry do. Tower Rock Stone Co. do. Quarry. 
Hunter Quarry Texas Hunter Industries, Inc. do. Do. 
Perch Hill 74 do Lehigh Hanson, Inc. do. Do. 
Georgetown do. Texas Crushed Stone Co., Inc. do. Do. 
Bristol Sand & Gravel do Lehigh Hanson, Inc. Sand and gravel, Open pit. 
construction 
TXI Operations LP do. Texas Industries, Inc. Stone, crushed Quarry. 
Boscobel Plant Virginia Luck Stone Corp. do. Do. 
Ste. Genevieve Quarry Missouri Holcim Group/Aggregate Industries do. Do. 
Management, Inc. 
Macon Quarry Georgia Ready Mix USA Holding Co. do. Do. 


See footnotes at end of table. 
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TABLE 5—Continued 
TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL MINES AND QUARRIES IN THE UNITED STATES IN 20] l, 
IN ORDER OF OUTPUT OF TOTAL MATERIAL HANDLED! 


Name of mine, quarry 
or operation” State Operator Commodity Mining method 
Industrial mineral—Continued: 
McCook 378 Illinois Vulcan Materials Co. do. Do. 
ТХ Mill Creek Quarry Texas Texas Industries, Inc. 


do. Do. 
Hampton Corners New York American Rock Salt Co. Salt Underground. 
Freeport Texas Dow Chemical Со. do. Solution. 
Voca do. Carmeuse Inc. Stone, crushed Quarry. 
Marblehead Ohio Lafarge Corp. do. Do. 
Washington Plants (five) Washington Eucon Corp. do. Do. 
Do., do. Ditto. 


‘List includes private-sector operations only; excludes U.S. Bureau of Land Management and U.S. F orest Service operations. 

*Where data are not reported for individual mining operations, ranking is on the basis of production as reported for a group of operations. 

"Includes Carlin Mines complex, Carlin East Mine, Gold Quarry Mine, Leeville Mine, Midas Mine, North Lantern Mine, Pete Mine, Phoenix Mine, 
Twin Creeks Mine, and Turquoise Ridge Mine; ore was mined from seven open pits and eight underground mines. 

"Includes Storm Mine. 

"Includes Cortez Hills and Cortez Pipeline Mines. 

‘Wholly owned subsidiary of Rio Tinto ple. 

„Formerly Quadra FNX Mining Ltd. 

Wholly owned subsidiary of Grupo Mexico, S.A.B. de C.V. 


TABLE 6 
MARKETABLE PRODUCT AND ORE TREATED OR SOLD AT SURFACE AND UNDERGROUND MINES 
IN THE UNITED STATES IN 2011, BY SELECTED COMMODITY AND 5ТАТЕ! 


(Thousand metric tons, unless otherwise specified) 


Marketable product Ore treated or sold 


| а С product _____ нЕ а. 
Commodity or State Surface Underground Total Surface Underground Total 
Commodity: 
У. o. 
ioris Ore NN 


Metal ore: 
Copper 1,120 Es 1,120 719,000 = 719,000 


Industrial minerals: 
M NEMPE S © 25,300 25300 © 25,300 
Feldspar’ 649 Е 649 649 e 649 
____ Gypsum 8,480 1,010 9,490 8,480 1,010 9,490 
____ Phosphate rock 28,100 = 28,100 129,000 = 129,000 
Pumice® | 


489 = 489 489 489 


Salt (9) 45,500 45,500 (10) 43,500 43,500 


Sand and gravel: | 
Construction 810,000 ~ 810,000 810,000 - 810,000 
Soda ash = 10,700 10,700 = 10,700 10,700 
— Stone: 00 10700 
_ Crushed —— —— 1,090,000 71,600 — 1,160,000 1,090,000 71,600 — 1,160,000 


Talc 616 = 616 616 -- 616 
State: 

Alabama 45,500 (5) 45,500 45,500 (6) 45,500 
Alaska 9,400 (5) 9,400 42,100 (6) 42,100 
Arizona 42,700 = 42,700 516,000 (0 516,000 
Arkansas 37,900 (5) 37,900 37,900 (6) 37,900 
California 118,000 (5) _ 118,000 138,000 (5 138,000 
Colorado 33,800 (5) 33,800 54,100 (6) 54,100 


Connecticut 


12,800 


Delaware 2,410 = 2,410 2,410 
Florida 163,000 -- 163,000 163,000 - 163,000 
Georgia 53,900 (5) 53,900 53,900 (6) 53,900 


See footnotes at end of table. 
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12,800 


= 12,800 
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TABLE 6—Continued 
MARKETABLE PRODUCT AND ORE TREATED OR SOLD AT SURFACE AND UNDERGROUND MINES 
IN THE UNITED STATES IN 2011, BY SELECTED COMMODITY AND STATE! 


eee 


(Thousand metric tons, unless otherwise specified) 


Marketable product Ore treated or sold 
Commodity or State Surface Underground Total Surface Underground Total 
е т D UE | 
_Намай 70 | 50 шо - 5170 | 
Idaho 20,800 (5 20,800 34,300 (6) 34,300 | 
Illinois 67,200 8,750 76,000 67,200 8,750 76,000 
Indiana 60,400 (5) 60,400 60,400 (6) 60,400 
lowa 45,300 3,860 49,100 45,300 3,860 49,100 
Kansas 26,200 2,980 29,200 26,000 2,980 29,000 
Kentucky 36,800 16,500 53,300 36,800 16,500 53,300 
Louisiana 28,000 13,500 41,600 29,000 14,300 43,300 
Maine 11,500 -- 11,500 11,500 -- 11,500 
Maryland 27,400 (5) 27,400 27,400 (6) 27,400 
Massachusetts 19,500 -- 19,500 19,500 -- 19,500 
Michigan 69,700 (5) 69,700 96,500 (6) 96,500 
Minnesota 90,900 -- 90,900 165,000 -- 165,000 
Mississippi 15,000 -- 15,000 15,000 -- 15,000 
Missouri 64,100 11,000 75,100 64,100 15,800 79,900 
Montana 13,700 (5) 13,700 33,400 (6) 33,400 
Nebraska 21,200 (5) 21,200 21,200 (6) 21,200 
Меуада 26,400 (5) 26,400 185,000 (6) 185,000 
New Hampshire 11,200 -- 11,200 11,200 -- 11,200 
New Jersey 26,600 -- 26,600 26,600 -- 26,600 
New Mexico 17,000 (5) 17,000 78,700 (6) 78,700 
New York 65,700 6,280 71,900 65,900 6,290 72,200 
North Carolina 57,600 — 57,600 63,300 -- 63,300 
North Dakota 22,900 -- 22,900 22,900 -- 22,900 
Ohio 72,400 8,640 81,000 72,400 8,640 81,000 
Oklahoma 52,800 (5) 52,800 52,800 (6) 52,800 
Огероп 28,900 -- 28,900 29,000 -- 29,000 
Pennsylvania 89,000 11,900 101,000 89,000 11,900 101,000 
Rhode Island 3,660 -- 3,660 3,660 ~ 3,660 
South Carolina 27,500 -- 27,500 27,500 -- 27,500 
South Dakota 19,100 -- 19,100 28,100 -- 28,100 
Tennessee 43,000 2,990 46,000 43,000 5,380 48,400 
Texas 201,000 8,580 210,000 201,000 8,780 210,000 
Utah 37,100 (5) 37,100 86,800 (6) 86,800 
—Vemot 10,800 o 0940 1080 10°80 
Virginia 57,700 (5) 57,700 61,000 (6) 61,000 
Washington 43,600 (5) 43,600 44,000 (6) 44,000 
_West Virginia 17,700) — 11700 17,200 17700 
Wisconsin ________55500 (у 55500 5550 о 55500 
“yoming 28,300 9,800 38,100 28,300 9,810 38,100 
-Zeo - --——— — OO 


„Data are rounded to no more than three significant digits; may not add to totals shown. 
Includes copper-molybdenum. 


Withheld to avoid disclosing company proprietary data; included in “Marketable product, total.” 
‘Kilograms. 
"Withheld to avoid disclosing company proprietary data; included in “Marketable product, surface.” 


Withheld to avoid disclosing company proprietary data; included in “Ore treated or sold, surface.” 
"Includes aplite. 


8 тА 2c А 
„Excludes volcanic cinder and scoria; included with “Crushed stone.” 


Withheld to avoid disclosing company proprietary data; included in “Marketable product, underground.” 
Withheld to avoid disclosing company proprietary data; included in “Ore treated or sold, underground.” 
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TABLE 7 
MINING METHODS USED AT SURFACE OPERATIONS IN THE UNITED STATES 
IN 2011, BY COMMODITY 


(Percentage of total material handled) 


Preceded by drilling Not preceded by drilling 


Commodity and blasting and blasting! 


Metal ore: 
Beryllium 100 -- 
аль ИОНИ 
Gold? 85 15 
Iron 95 5 
Magnesium metal -- 100 
Molybdenum 100 -- 
Silver 100 -- 
Titanium — 100 
Zinc 100 -- 
Industrial minerals: 
Abrasives 100 -- 
Barite 19 81 
100 — 


Boron minerals 
Bromine 
100 


Clays 
Diatomite 4 96 


Emery 100 - 
Feldspar* 94 6 
38 62 


Garnet 
Greensand marl 100 


sum 
Iodine -- 100 
Iron oxide pigments -- 100 
Kyanite 100 ЕЕ 
Lithium minerals 100 


Magnesite 
Magnesium compounds -- 100 
Mica, scrap 71 29 
Olivine 100 = 
Perlite 36 64 
Phosphate rock 97 
Potash -- 
Pumice’ 34 66 
Salt -- 100 
Sand and gravel: 

Construction -- 

Industrial -- 100 


Stone: 


Crushed 100 == 
а ры а „се 
-- 100 


Dimension 
A E ee OO ee ee 
Тирон ов И 
пеар 


Vermiculite 


Wollastonite 83 17 
Zeolites 99 | 
— Zero. 


"Includes drilling and cutting without blasting, dredging, mechanical excavation and 
nonfloat washing, and other surface mining methods. 

"Includes copper-molybdenum. 

*Includes gold-silver. 


“Includes aplite. 
“Excludes volcanic cinder and scoria; included with “Crushed stone.” 
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ТАВГЕ 8 


EXPLORATION ACTIVITY IN THE UNITED STATES IN 2011, ВУ METHOD, COMMODITY, AND STATE! 


| Когатуава Регсиѕѕіоп 


Commodity or State 
Commodity: 
Copper? 
Gold 
Lead 
Zinc 
Other’ 
Total 
Percentage of grand total 
State: 
Alaska 
Arizona 
Missouri 
Nebraska 
Nevada 
Washington 
Undistributed" 
Total 


W Withheld to avoid disclosing company proprietary data; included with “Other” or *Undistributed." -- Zero. 


(Meters) 


Churn and 
diamond 
drilling 


42,700 
362,000 
44,000 
9,330 
311,000 
768,000 
36 


16,600 
25,600 
27,800 
329,000 
16,200 
354,000 
768,000 


Percussion 

reverse drilling, other 
circulation drilling, and 

drilling trenching 
W W 
986,000 W 
31,300 -- 
254,000 91,700 
1,270,000 91,700 
60 4 
332,000 W 
30,400 -- 
31,300 -- 
133,000 -- 
651,000 W 
6,570 -- 
86,900 91,700 
1,270,000 91,700 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes copper-molybdenum. 


Grand total 


42,700 
1,350,000 
75,300 
9,330 
656,000 
2,130,000 
100 


348,000 
55,900 
59,100 

133,000 

980,000 
22,800 

532,000 

2,130,000 


Includes diatomite, lithium minerals, molybdenum, nickel, platinum and palladium, silver, and uranium, and commodities 


indicated by symbol W. 


“Includes California, Idaho, Michigan, Montana, New York, Washington, and Wyoming, and States indicated by symbol W. 
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ABRASIVES, MANUFACTURED 
By Donald W. Olson 


Domestic survey data and tables were prepared by Glenn W. Walker, statistical assistant. 


In 2011, estimated Canadian and United States combined 
production of regular-grade fused aluminum oxide was 10,000 
metric tons (t), with a value estimated to be $1.7 million. The 
U.S. apparent consumption of fused aluminum oxide was 
estimated to be 167,000 t. U.S. silicon carbide production was 
estimated to be 35,000 t, with an estimated value of $25.9 
million. The U.S. apparent consumption of crude silicon carbide 
was estimated to be 91,000 t. U.S. production of metallic 
abrasives was 202,000 t valued at $110 million. U.S. shipments 
of metallic abrasives were 206,000 t, with a value of $122 
million. The U.S. apparent consumption of all forms of metallic 
abrasives was estimated to be 212,000 t. 

This report includes information on the following abrasives 
manufactured in the United States: aluminum-zirconium oxide, 
boron carbide, fused aluminum oxide, metallic shot and grit, 
and silicon carbide. In some cases, United States production 
data were combined with Canadian output to avoid disclosing 
company proprietary data and still provide useful data on the 
overall Canadian-United States market. Trade data in this report 
are from the U.S. Census Bureau. All percentages in the report 
were computed using the unrounded data. 

Abrasives play an important role in the fashioning and 
finishing of many products with a wide range of uses. Abrasives 
are natural or manufactured substances that are used to abrade, 
clean, etch, grind, polish, scour, or otherwise remove solid 
material by rubbing action (as in a grinding wheel) or impact (as 
in pressure blasting). The most important physical properties for 
abrasives are character of fracture (cleavage), friability, grain 
Shape and size, hardness (scratch hardness), purity (uniformity), 
and toughness (rigidity). Additional considerations include 
availability, bonding characteristics, cost, and thermal stability. 
Manufactured abrasives are made from metals or minerals by 
heating or chemically treating them to enhance or give them 
abrasive properties. No single property is paramount for any 
use, 

Manufactured abrasives generally dominate high-grade 
abrasives markets as opposed to natural abrasives because 
they have superior physical properties, more uniform quality, 
and can be tailored to meet users’ needs. Consequently, 
manufactured abrasives typically are characterized by premium 
prices relative to natural abrasive minerals. Even though 
manufactured abrasives are usually more expensive, their 
durability and efficiency have proven to be more cost effective. 
= aoe eferred in many industrial applications, such as 
large о = ey пара T s i Be Pes hi 
Жа аы ss B о аге used іп cutting and finishing 
sof eae od bs Е iouis market is mature, and the 
defined by Ө зеге еа abrasive materials is fairly well 

n (Kendall, 2001, p. 55). 


ABRASIVES, MANUFACTURED-—2011 


Fused Aluminum Oxide 


Production.—Production data for regular and high-purity 
fused aluminum oxide in this report were obtained by the U.S. 
Geological Survey (USGS) from producers in Canada and the 
United States. The data were collected from two companies 
that operated three plants and represented the entire Canadian 
and United States fused aluminum oxide industry (table 1). 
Saint-Gobain Abrasives operated a fused aluminum oxide plant 
in the United States, and Washington Mills Electro Minerals 
Corp. operated fused aluminum oxide plants in Canada and 
the United States. Quantity data from the two countries were 
combined to avoid disclosing company proprietary data and are 
reported by the producers, estimated, and rounded to the nearest 
5,000 t. 

Production of regular-grade fused aluminum oxide in 2011 
was an amount rounded to 10,000 t, with a value rounded to 
$1.7 million. The weight and value were essentially unchanged 
compared with 2010 regular-grade fused aluminum oxide 
production (table 2). Reporting on the output of high-purity 
fused aluminum oxide has been discontinued to avoid disclosing 
company proprietary data. 

Consumption. —Abrasive-grade fused aluminum oxide has 
many end uses. Specific applications in 2011 included antislip 
additives, bonded abrasives (such as abrasive grains that are 
made to adhere to each other and then are pressed or molded 
into abrasive tools), buffing/polishing compounds, coated 
abrasives (such as abrasive grains glued to a backing of paper 
or cloth), dry or wet blasting media, and tumbling media. Fused 
aluminum oxide in a micropowder form was used for industrial 
and electronic applications that require fine surface finishing. 
Fused aluminum oxide does not face any significant Substitution 
threats at present, as it is generally a very cost-effective 
abrasive. The total 2011 U.S. apparent consumption of all forms 
of fused aluminum oxide was estimated to be 167,000 t, with a 
value of $105 million, based on the average customs unit value 
for imports. 

Prices.—The USGS canvassed fused aluminum oxide 
producers to determine the total value of their production for the 
year. The survey indicated that the average unit value of regular 
fused aluminum oxide produced in Canada during 2011 was 
$165 per metric ton at the point of production; the average value 
of high-purity fused aluminum oxide output was $671 per ton at 
the point of production. Prices of abrasive grain produced from 
these materials and sold to consumers were significantly higher 

Average unit values of fused aluminum oxide traded by | 
the United States in 2011 as reported in this publication are 
based on U.S. Census Bureau data. The average value for U.S 
exports of crude fused aluminum oxide during the year was — 
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about $3,750 per ton. The average customs value of crude 
fused aluminum oxide imports during the year was $627 per 
ton, but values ranged from $64 per ton (Brazil) to $3,170 per 
ton (France), and those of fused aluminum oxide grain imports 
averaged $1,360 per ton and ranged from $887 per ton (China) 
to $9,590 per ton (Slovak Republic). The extremely high values 
represent small quantities of highly specialized materials. 

Foreign Trade.—Compared with those of the previous year, 
crude fused aluminum oxide exports in 2011 decreased slightly 
to 19,900 t, and the value of those exports increased by 10% to 
$74.7 million (table 5), Of the exports shipped to 42 countries, 
85% went to Canada, Germany, Mexico, the United Kingdom, 
and Japan, in decreasing order by quantity. 

During 2011, imports of crude fused aluminum oxide were 
received from 11 countries and increased by 26% to 177,000 t 
valued at $111 million compared with those of 2010; imports of 
ground and refined fused aluminum oxide were received from 
20 countries and increased by 4% to 46,400 t valued at $62.9 
million (table 6). Some of the imported crude fused aluminum 
oxide was refractory-grade material. China, Venezuela, and 
Canada supplied 79%, 16%, and 4%, respectively, of the crude 
imports. Compared with those of 2010, crude imports from 
Canada increased slightly to 7,210 t from 7,180 t, while imports 
from China increased by 30% to 141,000 t from 108,000 t, and 
those from Venezuela increased by 38% to 28,200 t from 
20,400 t. Germany, Austria, Brazil, Canada, China, Hungary, 
Italy, and France provided 24%, 19%, 18%, 15%, 8%, 4%, 4%, 
and 4%, respectively, of the ground and refined material. 

These increases in the quantities and values of aluminum 
oxide exports and imports are because of the continued 
improvement of global economic conditions during 2011 and its 
impact on industries that use aluminum oxide. 


Silicon Carbide 


Production.—One company produced abrasive-grade silicon 
carbide in the United States during 2011 (table 1). This company 
also produced similar amounts of metallurgical-grade silicon 
carbide. A second company, in Hopkinsville, KY, produced a 
small quantity of silicon carbide, primarily intended for use in 
heat-resistant products rather than abrasives. U.S. silicon carbide 
production decreased slightly during 2011 to an estimated 
35,000 t, and the value of production decreased slightly to $25.9 
million (table 2). 

Consumption.—Abrasive-grade silicon carbide has many end 
uses. Specific applications in 2011 included antislip abrasives, 
blasting abrasives, bonded abrasives, coated abrasives, 
polishing/buffing compounds, tumbling media, and wiresawing 
abrasives. The total abrasive-grade silicon carbide consumed 
in the United States in 2011 was about 91,000 t with a value 
of $115 million, based on the average customs unit value for 
imports. 

Prices.—Based on information from industry sources and 
publications, the average value of abrasive-grade silicon carbide 
at the point of manufacture was $739 per ton in 201 1, which was 
unchanged compared with that of 2010. The average value for 
U.S. crude silicon carbide exports in 2011 was $1,460 per ton, a 
slight decrease compared with that of 2010. The average value 


for U.S. ground silicon carbide exports was $4,100 per ton, a 
31% decrease compared with that of 2010. 

Crude silicon carbide imports from China had an average 
value of $1,250 per ton. The average value of crude silicon 


carbide imports from other countries was $1,280 per ton. Silicon 


carbide grain imports from China had an average customs value 
of $1,420 per ton. The average customs value of silicon carbide 
grain imports from other countries was $2,490 per ton (table 6). 


Global prices for silicon carbide steadily increased throughout 


2008 despite poor global economic conditions (Kennedy, 
2008); during 2009, the poor global economic conditions 
caused average prices to drop each quarter of that year. This 
trend reversed during 2010, and silicon carbide prices steadily 
increased throughout 2010 and 2011, refiecting improvement in 
global economic conditions. This price trend was demonstrated 
by the quarterly average unit values for exports and imports 

of both types of silicon carbide, which generally increased 
throughout 2011. Crude silicon carbide import unit values 
increased from $1,010 per ton in the fourth quarter of 2010 to 
$1,330 per ton in the fourth quarter of 2011, and silicon carbide 
grain unit values increased from $2,200 per ton in the fourth 
quarter of 2010 to $2,610 per ton in the third quarter of 2011 
and then dropped to $1,670 in fourth quarter of 2011. 

Foreign Trade.—In 2011, the United States exported crude 
silicon carbide to 28 countries and refined and ground silicon 
carbide to 47 countries. The total crude silicon carbide exports 
for 2011 increased by 14% compared with those of the previous 
year to 20,800 t valued at $30.4 million (table 5). Of the 
exported crude silicon carbide material, 79% was shipped to 
Norway. Compared with those of 2010, exports of refined or 
ground silicon carbide increased by 42% to 6,980 t valued at 
$28.6 million. Of the exported refined and ground material, 32% 
was shipped to Germany. 

In 2011, the United States imported crude silicon carbide from 
17 countries and imported ground and refined silicon carbide 
from 21 countries. Imports of crude silicon carbide decreased 
by 23% during the year to 76,800 t valued at $97.1 million 
(table 6). Imports of silicon carbide in ground or refined form 
increased by 20% to 52,200 t valued at $104 million. China 
accounted for 44% of the crude silicon carbide imports and 
47% of the ground and refined silicon carbide imports. Part of 
the imports from China reportedly included metallurgical-grade 
material. In 2010, China doubled its silicon carbide production 
and continued increasing production in 2011. In 201 1, China 
again was the world’s leading producer of silicon carbide. 

With all grades and end uses of silicon carbide added together, 
China held more than a two-thirds share of the global market 
(O’Driscoll and Watts, 2011). | 


Aluminum-Zirconium Oxide 


During 2011, fused aluminum-zirconium oxide for abrasive 
applications, such as resin-bonded grinding wheels, was 
produced at one plant in the United States belonging to 
Saint-Gobain Abrasives, and one plant in Canada belonging to 
Saint-Gobain Ceramic Materials Canada Inc. Production data 
from these plants are withheld to avoid disclosing company 
proprietary information. 
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Boron Carbide 


Washington Mills Electro Minerals was the only commercial 
producer of boron carbide in the United States during 2011. 
Boron carbide was used as an abrasive for lapping and 
ultrasonic cutting operations previously possible only with 
diamond dust; it was also molded to form highly wear-resistant 
products, such as armor, powdered metal and ceramic forming 
dies, pressure blasting nozzles, thread guides, and wire-drawing 
dies. Boron carbide was also used in nuclear applications, 
such as neutron-absorbing shielding and reactor control rods 
(Washington Mills Electro Minerals Corp., 2012). Domestic 
production data for boron carbide are withheld to avoid 


disclosing company proprietary data. 
Metallic Abrasives 


Production.—Data on U.S. production and shipments of 
metallic abrasives were based on a survey of domestic producers 
conducted by the USGS. Survey data were collected from 
1l companies operating 12 plants in the United States and 
accounted for all domestic production (table 3). 

Steel shot and grit accounted for almost all the metallic 
abrasives produced domestically (table 4). U.S. production 
of steel shot and grit in 2011 increased by 20% to 200,000 t 
compared with that of 2010. Six companies reported production 
of cut wire shot in 2011, and most of that was cut from carbon 
steel wire and stainless steel wire. Other products reported 
included shot cut from aluminum, copper, and zinc wire. One 
company reported production of steel nuggets, a wrought carbon 
steel blast medium with properties similar to those of steel shot. 

Consumption.—Metal abrasives are used primarily as loose 
particles propelled at high velocities for blast cleaning or to 
improve the properties of metal surfaces; 75% of the abrasives 
is employed in cleaning operations. Principal consumers 
include foundries, machine tool industries, metalworking plants 
(particularly those supporting the automotive and aircraft 
industries), and steel manufacturers. 

During 2011, total sales of all steel shot and grit by U.S. 
producers increased 10% to 204,000 t, compared with shipments 
in 2010. Total sales of all cut wire steel shot and grit by U.S. 
producers decreased 3% to 1,940 t, compared with shipments 
Ш 2010. The apparent consumption of all forms of metallic 
ш increased 17% to 212,000 +, compared with that of 

Prices.—The USGS compiles survey data on the value of 
production and shipments, but it does not collect price data. 

The values of production and shipments reported by metallic 
abrasive producers in 2011 are listed in table 4. Average unit 
values of steel shot and grit ranged from $0.30 to $1.17 per 
kilogram. Average unit values of cut wire shot ranged from 
$1.72 to $6.39 per kilogram for carbon steel, stainless steel, and 
zmc wire shot. The average unit value for total U.S. production 
of steel shot and grit in 2011 was $0.52 per kilogram, and the 
be unit value for total sales of all steel shot and grit by 
E oer egi i ae kilogram. The average unit value 
ne оята, ae т of cut wire shot in 2011 was $3.64 
Wieder | | verage unit value for total sales of cut 

У U.S. producers was $4.23 per kilogram. Average 
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unit values for metallic abrasives traded by the United States 
during 2011 were $1.39 per kilogram for exports and $0.70 per 
kilogram for imports. 

Foreign Trade.—During 2011, the United States exported 
metallic abrasives to 42 countries and imported metallic 
abrasives from 16 countries. U.S. exports of metallic abrasives 
increased by 2896 during the year to 39,500 t valued at $55.0 
million (table 5). Canada, China, Mexico, and the United 
Kingdom received 90% of the U.S. exports of metallic abrasives 
in 2011. U.S. imports increased by 14% during 2011 to 49,600 t 
valued at $34.7 million (table 6). About 89% of the imports 
came from Canada, Germany, the Republic of Korea, and 
Sweden. 

These increases in the quantities and values of metallic 
abrasives exports and imports were owing to the improvement 
of global economic conditions during 2011 and its impact on 
industries that use metallic abrasives. 


Outlook 


Abrasives markets are greatly influenced by activity in the 
manufacturing sector in the United States and by economic 
trends. During 2011, increases in the U.S. manufacturing 
sector resulted from improvement in the global economy that 
caused increases in U.S. manufactured abrasives production 
and consumption. This was particularly true of manufacturing 
activities in the aerospace, automotive, furniture, housing, 
and steel industries. Even though abrasives markets are linked 
to these end-use manufacturing sectors, growth in these 
sectors may not necessarily lead to an increase in abrasives 
consumption. 

The U.S. abrasive markets also are influenced by 
technological trends. Improved technology in these 
manufacturing sectors has resulted in surface quality that 
requires fewer grinding and finishing operations that use 
abrasives (O'Driscoll, 2003). Less expensive imports coupled 
with higher domestic production costs and low domestic 
production capacity continue to challenge U.S. producers of 
fused aluminum oxide and silicon carbide to maintain market 
share. Competition from developing nations, especially China 
probably will lead to further decreases in domestic output. China 
has become a dominant force in both fused aluminum oxide and 
silicon carbide production in recent years. This has changed the 
makeup of the manufactured abrasives market. Lower-priced 
Chinese exports have displaced and are expected to continue 
to displace manufactured abrasives produced in Europe and 
North America (Gasser, 2002). The traditional suppliers among 
the Western industrialized nations are expected to continue 
consolidating and contracting. 

Emerging suppliers of fused aluminum oxide and Silicon 
carbide in China, Eastern Europe, India, the Republic of 
Korea, and South America are likely to continue to increase 
their prominence in world markets. China is now the world’s 
leading producer of silicon carbide and is expected to continue 
expanding silicon carbide output to meet increases in global 
market demand (O’Driscoll and Watts, 201 1). Further success 
for these suppliers, particularly in such major markets as 
Japan, the United States, and Western Europe, will depend on 
their ability to provide higher grades of material and levels of 
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supply reliability while maintaining lower prices. Energy costs, 
furnace size, quality-control systems, and the availability of 
essential mineral inputs are expected to be the dominant factors 
influencing the competitive stance of these suppliers. 

The aerospace and automotive manufacturing sectors are 
likely to continue to have significant indirect influences on 
demand for manufactured abrasives used by metalworking 
operations supporting those sectors. The housing construction 
sector in North America is expected to continue to have an 
indirect influence on demand for manufactured abrasives 
because of the large volumes of manufactured abrasives used in 
cutting and finishing wallboard and timber. 


References Cited 


Gasser, Peter, 2002, China versus the rest to continue?—Abrasive trends: 
Industrial Minerals, no. 412, January, р. 39—43. 

Kendall, Tom, 2001, Fused alumina—Grinding out a living: Industrial Minerals, 
no. 408, September, р. 35—55. 

Kennedy, Kormac, 2008, Global SiC pricing moves steadily higher: Silicon 
Carbide & More, no. 18, June, р. 1-2. 

O’Driscoll, Mike, 2003, Corundum conundrum: Industrial Minerals, по. 433, 
October, р. 30—39. 


plants’ capacity: Industrial Minerals, no. 526, July, р. 14. 

Washington Mills Electro Minerals Corp., 2012, Specialty products: Niagara 
Falls, NY, Washington Mills Electro Minerals Corp. (Accessed 
August 3, 2012, at http://www.washingtonmills.com/products/ 


O’Driscoll, Mike, and Watts, Mark, 2011, SiC processing expands Chinese 
boron-carbide.-b4c.) 


U.S. Geological Survey Publications 


Abrasives. Ch. in United States Mineral Resources, Professional 
Paper 820, 1973. 
Abrasives, Manufactured. Ch. in Mineral Commodity 
Summaries, annual. 
Abrasives, Manufactured. Mineral Industry Surveys, quarterly. | 
Historical Statistics for Mineral and Material Commodities in 
the United States, Data Series 140. 


GENERAL SOURCES OF INFORMATION 


Other 


Abrasives, Industry and Trade Summary. U.S. International 
Trade Commission, May 1995. 
Industrial Minerals, monthly. 


TABLE 1 | 
CRUDE ARTIFICIAL ABRASIVES MANUFACTURERS IN 2011 | 


Сотрапу Plant location 


Saint-Gobain Ceramic Materials Canada Inc. Chippewa, Ontario, Canada 


Saint-Gobain Abrasives 
Washington Mills Electro Minerals Corp. 


Huntsville, AL 
Niagara Falls, NY 


Product 
Aluminum-zirconium oxide. 
Fused aluminum oxide (high-purity) and aluminum-zirconium oxide. 
Fused aluminum oxide (high-purity) and boron carbide. | 


Ро. Niagara Falls, Ontario, Canada Fused aluminum oxide (regular). 
Washington Mills Hennepin, Inc. Hennepin, IL Silicon carbide. 


Do. Ditto. 


TABLE 2 
ESTIMATED PRODUCTION OF CRUDE SILICON CARBIDE AND FUSED ALUMINUM | 
OXIDE IN THE UNITED STATES AND CANADA”? 


eh НЕННЕ 
2010 2011 


Quantity^ ^ Value? Quantity" * Value? | 

Product (metric tons) (thousands) (metric tons) (thousands) | 
Aluminum oxide, regular, abrasives? 10,000 $1,700 10,000 $1,700 
Silicon carbide? 35,000 25,900 35,000 25,900 


1 
Data аге rounded to no more than three significant digits. 


2 *41 . " . 
‚+ °агепа stock data are withheld to avoid disclosing company proprietary data. 


„Owing to rounding, data do not match total quarterly Mineral Industry Surveys estimated data. | 
„Quantities are rounded to the nearest 5,000 metric tons to avoid disclosing company proprietary data. 

Regular grade accounts for about 62% of total output, and high-purity material accounts for the 
remainder. 

5 Approximately one-half of the 


| ) quantity and value consists of material for metallurgical and other 
nonabrasive applications. 
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TABLE 3 
U.S. PRODUCERS OF METALLIC ABRASIVES IN 2011 


ara 
Product 


Company Plant location [shot and (or) grit] 
Hillsdale, MI Cut wire. 


Abrasive Materials, LLC 
Chesapeake Specialty Products, Inc. Baltimore, MD Steel. 


Ervin Industries, Inc. Adrian, MI Do. 
Do. Butler, PA Do. 
Frohn North America, Inc. Austell, GA Cut wire. 
n МЕР Steel, LLC (formerly Marwas Steel Со.) Scottdale, PA Do. 
Metaltec Steel Abrasive Co. Canton, MI Steel. 
Peerless Metal Powders & Abrasive Co., Inc. Detroit, MI Steel and steel nuggets. 
Pellets, LLC Tonawanda, NY Cut wire. 
Platt Brothers & Co., Inc., The Waterbury, CT Do. 
Premier Shot Co. Cleveland, OH Do. 
Wheelabrator Abrasives Inc. Bedford, VA Steel. 
Do. Ditto. 
TABLE 4 
PRODUCTION AND SHIPMENTS OF METALLIC ABRASIVES IN THE 
UNITED STATES, BY PRODUCT! 
Production Shipments” 
Quantity Value Quantity Value 
Product (metric tons) (thousands) (metric tons) (thousands) 
2010: 
Steel shot and grit 166,000 $81,300 185,000 $109,000 
Cut wire shot and other? 2,120 7,770 1,990 8,420 
Total 169,000 89,100 187,000 117,000 
2011: 
Steel shot and grit 200,000 103,000 204,000 113,000 
Cut wire shot and other" 1,950 7,100 1,940 8,180 
Total 202,000 110,000 206,000 122,000 
“Estimated. 


1 3 Ei 
Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes reported exports. 
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ТАВТЕ 5 
U.S. EXPORTS OF ALUMINUM OXIDE, SILICON CARBIDE, AND METALLIC 
ABRASIVES, BY COUNTRY AND TYPE! 


2010 2011 
Quantity Value” Quantity Value” 
Country (metric tons) (thousands) (metric tons) (thousands) 
Aluminum oxide, crude: 
Brazil 314 $1,480 340 $1,610 
Canada 7,280 11,200 8,830 11,100 
China 211 2,380 361 3,710 
Germany 3,690 15,300 3,280 17,900 
India 342 1,840 347 1,770 
Japan 1,030 12,400 1,040 13,300 
Korea, Republic of 1,090 9,000 933 6,860 
Mexico 2,910 4,630 2,610 4,760 
United Kingdom 1,730 2,250 1,080 2,570 
Other 1,370 7,350 1,090 11,100 
Total 20,000 67,900 19,900 74,700 
Silicon carbide: 
Crude: 
Germany 3,040 3,470 2,150 2,240 
Japan 64 1,500 20 601 
Mexico 1,440 2,250 455 1,180 
Norway 13,000 17,800 16,500 22,300 
Other 669 1,650 1,690 4,020 
Total 18,200 26,600 20,800 30,400 
Ground and refined: 
Canada 1,810 2,620 1,820 3,340 
China 261 2,530 374 3,200 
Germany 495 14,700 2,260 11,600 
Japan 822 3,200 494 3,010 
Mexico 1,070 1,670 519 1,190 
Thailand | 4 560 654 
Other 472° 4,700 958 5,620 
Total 4,920 29,400 6,980 28,600 
Metallic abrasives: 
Canada 6,580 6,520 7,990 8,310 
China 8,340 12,600 9,440 19,000 
Germany 230 956 181 796 
Indonesia 48 28 234 155 
Japan 508 487 658 734 
Mexico 12,900 16,000 16,500 19,900 
Taiwan 273 483 500 596 
United Kingdom 488 656 1,550 1,550 
Other 1,390 3,530 2,440 4,050 
Total 30,800 41,300 39,500 55,000 
"Revised. 


Граја are rounded to no more than three significant digits; may not add to totals shown. 


2Customs value. 


Source: U.S. Census Bureau. 
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Country 
Aluminum oxide: 
Crude: 
Canada 
China 
Venezuela 
Other 
Total 
Ground and refined: 
Austria 
Brazil 
Canada 
China 
France 
Germany 
Hungary 
Italy 
Other 
Total 
Silicon carbide: 
Crude: 
Brazil 
China 
Netherlands 
Romania 
South Africa 
Venezuela 
Other . 
Total 
Ground and refined: 
Brazil 
China 
Germany 
Japan 
Norway 
Russia 
South Africa 
Vietnam 
Other 
Total 
Metallic abrasives: 
Canada 
China 
Germany 
Japan 
Korea, Republic of 
Sweden 
Other 
Total 
"Revised. 


TABLE 6 
U.S. IMPORTS OF ALUMINUM OXIDE, SILICON CARBIDE, AND METALLIC 
ABRASIVES, BY COUNTRY AND TYPE! 


2010 
Quantity Value” 
(metric tons) (thousands) 
7,180 $4,780 
108,000 59,700 
20,400 11,400 
4,580 2,250 
141,000 78,100 
8,010 14,400 
14,200 14,200 
941 1,840 
4,230 3,710 
1,080 2,130 
10,100 14,100 
2,930 2,430 
1,720 2,160 
1,790 ' 3,120 ' 
44,600 58,000 
4,500 3,960 
64,800 51,900 
3,020 1,340 
9,240 4,400 
10,500 10,900 
6,240 3,460 
1,010 € 2,750 € 
99,300 78,700 
9,260 13,400 
18,600 23,500 
2,570 7,620 
1,910 15,500 
3,170 15,500 
3,030 3,410 
2,610 3,430 
1,280 1,250 
907 ' 2,300 ' 
43,400 85,900 
9,610 6,990 
1,550 2,810 
1,810 1,510 
978 1,990 
1,650 659 
26,500 10,200 
1,370 € 1,100 " 
43,400 25,300 


2011 


Quantity 
(metric tons) 


7,210 
141,000 
28,200 
964 
177,000 


8,720 
8,550 
6,850 
3,760 
1,650 
11,000 
1,870 
1,790 
2,240 
46,400 


6,170 
33,700 
10,500 

4,630 
19,000 

34 

2,860 

76,800 


13,600 
24,300 
3,000 
1,920 
2,880 
3,580 
1,410 
408 
1,060 
52,200 


10,800 
2,220 
2,650 
1,510 
2,660 

28,100 
1,630 

49,600 


Value” 
(thousands) 


$5,390 
87,500 
17,500 
505 
111,000 


15,500 
9,020 
7,960 
3,340 
3,380 

15,600 
1,830 
2,150 
4,150 

62,900 


9,870 
42,100 
10,700 

5,610 
22,800 

852 

5,080 

97,100 


19,200 
34,600 
6,050 
19,500 
14,000 
5,030 
2,930 
399 
2,290 
104,000 


8,840 
3,710 
2,250 
3,020 
1,140 
14,000 
1,730 
34,700 


"Рана are rounded to no more than three significant digits; may not add to totals shown. 


2 
Customs value. 


Source: U.S. Census Bureau. 
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ALUMINUM 


By E. Lee Bray 


Domestic survey data and tables were prepared by Annie Hwang, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


During 2011, domestic primary smelters produced 1.99 million 
metric tons (Mt) of aluminum metal, 15% more than the amount 
in 2010. Production was valued at $5.08 billion, 28% more than 
the value of 2010 production. Smelters east of the Mississippi 
River accounted for about 75% of production. At yearend, 

5 companies were operating 10 primary aluminum smelters in 

7 States. An additional five smelters were temporarily idle. About 
35% [1.11 million metric tons per year (Mt/yr)] of domestic 
primary aluminum smelting capacity (table 2), including idle 
potlines at operating smelters, was not being used. 

Aluminum recovered from purchased scrap increased by 
11% to 3.1 Mt. Of this, 53% came from new (manufacturing) 
scrap, and 47% came from old (discarded aluminum products) 
scrap. Aluminum used beverage cans (UBCs) accounted for 45% 
of the reported old scrap consumed in 2011 and 19% of total 
scrap consumed, 

Apparent consumption of aluminum increased by 
3% compared with that in 2010. The United States and Canadian 
transportation industries accounted for 28% of metal shipments 
by United States and Canadian producers; containers and 
packaging, 21.8%; building and construction, 10.1%; electrical, 
7.6%; machinery and equipment, 6.5%; consumer durables, 
5.6%; and other uses, 3.3%. Exports accounted for 17.1% of 
shipments from producers in Canada and the United States in 
2011 (table 6). 

The 2011 annual average U.S. market price of primary 
aluminum ingot increased by 11% to $1.161 per pound from 
$1.044 per pound in 2010. The monthly average price rose from 
$1.163 per pound in January to $1.283 per pound in March 
before gradually declining for the rest of the year, to a low of 
$0.982 per pound in December. 

At yearend 2011, total (unwrought, scrap, in-process metal, 
and semifabricated shapes) world inventories of aluminum, as 
reported by the International Aluminium Institute (IAI) (2012), 
were 2.39 Mt, 5% lower than those at yearend 2010. Combined 
inventories of aluminum metal and alloys held by the London 
Metal Exchange Ltd. (LME), however, increased by 18% to 
5.28 Mt. 

P rimary aluminum was produced in 43 countries in 2011. 
-- Ки з the United States, in decreasing 
RE n - ‚ accounted for 6196 of total world 
о ан о ET metal production increased by 896 
in China (1.9 Mt), the Unit ш | increased production. 
tons (0), the aie Ee ee s mirates [400,000 metric 
several other nations. C 60, 0 t), Qatar (200,000 t), and 
brownfield з. баш ы. of new smelters and | 
to the financial cric Ае as restarted capacity closed owing 
ou Ho о power shortages, accounted for the 

decreased production in Pra uo ee Y 
razil (95,700 t), France (22,000 t), and 
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Ukraine (18,000 t). High power prices were cited for shutdowns 
of a smelter in Brazil at yearend 2010 and another smelter in 
Ukraine at the beginning of 2011, while technical issues at a 
smelter in Brazil and another smelter in France led to decreased 
production. The United States became the fourth leading 
producer of primary aluminum, slightly surpassing Australia, 
which slipped to the fifth leading producer from fourth in 2010. 


Production 


Primary.—New power supply contracts at favorable prices 
enabled Alcoa Inc. (Pittsburgh, PA) to restart production during 
the first quarter of 2011 at a smelter in Massena, NY, as well as 
from idle potlines at smelters in Ferndale and Wenatchee, WA. 
The Massena East smelter had a capacity of 125,000 metric tons 
per year (t/yr), and was shut down in May 2009 when prices 
and demand for aluminum declined. The restarted potline at the 
Ferndale smelter had a capacity of approximately 33,000 t/yr and 
brought operating capacity to approximately 220,000 t/yr out of 
the total smelter capacity of 279,000 t/yr. The potline had been 
closed since November 2008 because of low aluminum prices. 
The restarted potline at the Wenatchee smelter had a capacity 
of 42,000 t/yr and had been closed since 2001 because of high 
power prices. With the restart, 142,000 t/yr of Capacity at the 
184,000-t/yr Wenatchee smelter was in production 
(Alcoa Inc., 201 1c, e, f; Riley, 201 la; Stark, 201 1). 

Century Aluminum Co. (Monterey, CA) restarted a potline 
at its 244,000-t/yr smelter in Hawesville, KY, during the first 
quarter of 2011. The restart was originally scheduled to be 
completed in early 2011, but at yearend, the potline was not 
producing at full capacity owing to issues related to training 
new employees (Century Aluminum Co., 201 1a, b; 2012b; 
McDonnell, 2011). 

Ormet Corp. (Hannibal, OH) reported that shipments of primary 
aluminum during the first quarter of the year were 31% higher than 
those in the first quarter of 2010 following restart of one potline in 
December 2011 and a second potline on January 31 at its 
260,000-t/yr smelter. Both potlines were producing near full 
capacity by the end of the first quarter of 2011 (Ormet Corp., 2011а 
p. 2; 2011b). A 5-year labor contract between Ormet and nearly | 
900 hourly employees represented by the United Steelworkers union 
at the Hannibal smelter was ratified by the employees on June 8. 
Production had continued after the previous contract expired on 
May 31 (American Metal Market, 2011). 

Rio Tinto plc (London, United Kingdom) was increasing 
capacity of the Sebree, КУ, smelter to 210,000 t/yr from 
196,000 t/yr and expected to complete the expansion by yearend 
2012 (Platts Metals Week, 2012). A new furnace for baking anodes 
was also under construction (Rio Tinto Alcan Inc., 201 1b), 

Noranda Aluminum Holding Corp. (Franklin, TN) continued 
work on expanding the New Madrid smelter capacity to 
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279,000 t/yr of aluminum from 263,000 t/yr. The project, which 
had been started in mid-2008 but was put on hold in early 2009 
during the financial crisis, was expected to be completed by the 
beginning of 2013 (Noranda Aluminum Holding Corp., 2011). 

Secondary.—Bermco Aluminum Co. (Birmingham, AL) was 
reconsidering plans to relocate its secondary smelter to Lincoln, 
AL, from Birmingham. Instead, Bermco was considering 
building a new secondary smelter in Bessemer, AL, adjacent 
to a scrap yard it owned. The new smelter, which would have a 
capacity of 110,000 t/yr, double that of the Birmingham smelter, 
would produce die-cast and foundry alloys used by auto parts 
manufacturers and other consumers. If built, construction was 
expected to take about 1 year (Tomberlin, 2011). 

Novelis Inc. (a subsidiary of Hindalco Industries Ltd.) 
(Mumbia, India) announced plans to add 200,000 t/yr of rolling 
capacity at its rolling mill in Oswego, NY, to produce aluminum 
sheet for the automobile industry in response to increased fuel 
efficiency standards. The expansion, expected to be completed in 
mid-2013, did not include increasing the scrap melting capacity 
(Novelis Inc., 201 1a). 

Wise Alloys LLC (Muscle Shoals, AL) was expanding its UBC 
melting capacity in Muscle Shoals by 55% to 225,000 t/yr of 
aluminum. The expansion was expected to be completed in early 
2012 (Platts Metals Week, 20111; Wise Alloys LLC, 2012). 

Global Scrap Management Inc. (Milford, OH) was 
constructing a secondary aluminum smelter in Batavia, OH, 
which would produce casting ingot for foundries. Initial 
production was expected in late 2011 and full capacity to melt 
33,000 t/yr of scrap was expected in early 2012 (Platts Metals 
Week, 2011i). 

Aleris International Inc. (Cleveland, OH) was installing two 
new rotary furnaces and a holding furnace at its Morgantown, 
KY, secondary smelter. The expansion was expected to be 
completed in early 2012 (Davidson, 201 1a). 

Magnode Corp. (Trenton, OH) announced it would 
permanently shut down its 15,000-t/yr billet casthouse in 
Trenton and purchase billet from Norsk Hydro ASA 
(Oslo, Norway) for its extrusion plant owing to high costs. Norsk 
Hydro was upgrading its billet casthouse in Henderson, KY, to 
make 11-inch and 14-inch billets used by Magnode. The shift 
in production was expected to be completed in January 2012 
(Waite, 2011). 

Huntington Aluminum LLC (Huntington, IN) opened a 
secondary smelter in Huntington to produce remelt ingots from 
scrap in July. Capacity of the smelter was not disclosed (West, 

011). 
| m Extrusions Inc. continued work on a billet casting 
house at its extrusion plant in Cressona, PA, that would have 
a capacity of 545,000 t/yr of billet, produced mainly from 
scrap. Completion of the casthouse, previously scheduled for 
September, was delayed until January 2012 (Sapa Group, 2012). 


Consumption 


Apparent consumption of aluminum in the United States 
increased by 396 in 2011 compared with that in 2010. Shipments 
of aluminum by United States and Canadian producers to their 
combined domestic markets increased by 6% in 2011 compared 
with the amount shipped in 2010. Shipments of aluminum to 
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the building and construction sector and for containers and 
packaging decreased by 396 and 296, respectively, compared with 
those in 2010. Shipments to the consumer durables, electrical 
products, machinery, and transportation sectors increased by 
296, 1296, 1496, and 1696, respectively. 

The increase in shipments of aluminum to the transportation 
sector resulted primarily from an increase in automobile 
production. In North America, production of automobiles and light 
trucks rose by 1196 from production in 2010 to 5.62 million units. 
Heavy truck manufacturing also increased by 1196 compared with 
2010 production, to 7.85 million units in 2011 (Ward's Automotive 
Group, 2012). 

Aluminum content in automobiles continued to increase as 
automakers substituted aluminum for steel in order to increase 
fuel efficiency. General Motors Corp. (GM) (Detroit, MI) 
expected that its vehicles sold in the United States in 2012 would 
contain an average of 168 kilograms (370 pounds) of aluminum. 
In 2011, aluminum accounted for 9096 of engine blocks and 
all cylinder heads, up from 1096 and 3596 respectively in 1994. 
Within a few years, GM expected to make all vehicle hoods from 
aluminum (Platts Metals Week, 2011). 

The Boeing Co. (Chicago, IL) reported that its deliveries of 
commercial aircraft were 396 higher than in 2010, accounting for 
some of the increase in aluminum shipments to the transportation 
sector. A slight decrease in deliveries of the single-aisle 737-800 
aircraft was offset by a 2296 increase in double-aisle aircraft 
deliveries. The first nine 747-8 Freighter aircraft and the first 
three 787 Dreamliner aircraft were delivered in 2011. The 747-8 
Freighter was designed to carry more cargo while being easier 
to load and unload compared with prior cargo jets. Composite 
materials were used to construct the fuselage and wings of the 
787 Dreamliner instead of aluminum (Boeing Co., The, 2012, 

р. 25, 122, 123). Boeing announced that it would upgrade the 
737-800 aircraft by installing newer engines that would be more 
fuel efficient than the current 737 model and its competitors. 
The fuselage, tail section, and wings of the new 737 Max would 
be made with aluminum instead of the composite materials 
previously considered by Boeing. Deliveries of the 737 Max were 
projected to begin in 2017 (Haflich, 2011). 

The decrease in aluminum shipments for use in building 
and construction was a result of reduced nonresidential and 
residential construction. The U.S. Census Bureau and the 
U.S. Department of Housing and Urban Development jointly 
reported that housing starts increased by 3.496 in 2011 compared 
with starts in 2010. The number of houses completed, however, 
was 10.496 fewer than in 2010 (U.S. Census Bureau, 2012b). Total 
construction spending during 2011 decreased by 296 compared 
with that in 2010, which was attributed to decreased spending 
on public construction (6.596) and residential construction 
(1.196). These decreases were partially offset by spending on 
nonresidential construction, which increased by 2.496 compared 
with that in 2010 (U.S. Census Bureau, 20122). 


Stocks 


According to data reported by the Aluminum Association Inc. 
(2011; 2012), United States and Canadian producers combined 
inventories of aluminum ingot, mill products, and scrap 
increased by 596 to 1.06 Mt at yearend 2011 from 
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1.01 Mt at yearend 2010. The LME reported that primary 
aluminum metal ingot stocks at its U.S. warehouses increased 

by 5% to 2.2 Mt at yearend 2011 from 2.09 Mt at yearend 2010. 
At yearend 2011, LME warehouses in the United States also held 
142,000 t of North American special aluminum alloy contract 
(NASAAC) metal ingot, a 103% increase from the 70,000 t held 


at yearend 2010. 


Prices 


The monthly average U.S. market price of primary aluminum 
metal, as reported by Platts Metals Week, started the year at 
$1.163 per pound of aluminum and gradually rose to a peak of 
$1.283 per pound in April. The monthly average price declined 
gradually throughout the remainder of the year, averaging $0.982 
per pound in December. The annual average price in 2011 
increased to $1.161 per pound from $1.044 per pound in 2010. 
The LME monthly average cash prices for primary aluminum 
ingot followed the same general trend as the U.S. market price, 
and the 2011 annual average LME cash price increased to $1.088 
per pound from $0.986 per pound in 2010. The indicator prices 
for selected secondary aluminum ingots and scrap, as published 
in American Metal Market, followed the same trend as primary 


ingot prices (table 8). 
Foreign Trade 


In 2011, total net imports of aluminum-base materials decreased 
by 20% compared with net imports in 2010 (tables 10 and 12). 
Imports for consumption of crude aluminum increased by 7%, 
while imports of semifabricated aluminum materials (plates, sheet, 
and bars) decreased by 9%, and scrap imports increased by 15%. 
Canada remained the leading source country, accounting for 60% of 
the total (crude, semifabricated, and scrap) imports in 2011, while 
the United Arab Emirates (6%) and Russia (5%) were the second 
and third ranked suppliers. Imports of crude metal and alloys from 
Canada accounted for 44% of all aluminum imports during 2011 
(table 12). 

Total exports of aluminum increased by 13% during 2011 
compared with those of 2010 (table 10). Exports of crude 
aluminum (metal and alloys) increased by 11%; exports of 
semifabricated aluminum materials increased by 14%; and 
exports of scrap increased by 12%. About 79% of total U.S. 
exports of unmanufactured aluminum (crude, semifabricated, 
and scrap) in 2011 were collectively shipped to Canada, China, 
and Mexico. The aluminum shipped to China was 97% scrap and 
т for 42% of all aluminum exports during 2011 

able 10), 


Mergers and Acquisitions 


шо Маје S.A. (Rio de Janeiro, Brazil) completed the 
Fide e alumina, and aluminum assets in Brazil to Norsk 
ti "i 1 billion in cash plus $3.8 billion in stock of Norsk 
pe a result of the transaction, Vale received 2296 of Norsk 
n e Ws Norsk Hydro received 5196 of the 
и : А | ies smelter; and Norsk Hydro increased its share 
PM - уг Alunorte refinery to 91% from 34% and of the 
ae ade ompanhia de Alumina do Para refinery project to 
%. Norsk Hydro also gained 60% ownership of the 
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Paragominas bauxite mine (9.9 Mt/yr capacity) and planned to 
purchase the remaining 40% of the mine by yearend 2015 (Vale 
S.A., 2011). 

Rio Tinto restructured 12 assets in its aluminum product 
group prior to selling them at an appropriate time in the 
future. Rio Tinto’s interests in six Australian and New Zealand 
assets were transferred into a new business unit called Pacific 
Aluminium that was managed and reported separately from 
the Rio Tinto Alcan product group prior to divestment. The 
Pacific Aluminium group included the 8-Mt/yr bauxite mine and 
3.8-Mt/yr alumina refinery at Gove, Australia; a powerplant at 
Gladstone, Australia; the Bell Bay (160,000 t/yr), Boyne (550,000 
t/yr), and Tomago (525,000 t/yr) smelters in Australia; and 
the 350,000-t/yr Tiwai Point, New Zealand, smelter. A second 
group of six noncore assets, including the 196,000-t/yr smelter at 
Sebree, KY, continued to be managed by Rio Tinto Alcan while 
it further investigated divestment options. Other assets for sale 
that continued to be managed by Rio Tinto Alcan included a 
powerplant associated with a 169,000-t/yr smelter at Lynemouth, 
United Kingdom, which was scheduled to be permanently shut 
down in 2012; a 700,000-t/yr alumina refinery at Gardanne, 
France; and specialty alumina refineries at Beyrede and La 
Bathie, France, and Teutschenthal, Germany (Rio Tinto plc, 
2011c). 

Florida Extruders International Inc. (FEI) (Sanford, FL) filed for 
bankruptcy protection in April and was sold to Benada Aluminum 
Products LLC (Hialeah, FL) in June. FEI had operated a secondary 
smelter used to make 17,000 t/yr of extrusion billets as well as 
three extrusion presses in Sanford. Lack of demand for extrusion 
products for residential construction, competition by imports 
from China, and rising prices for raw materials were cited for the 
bankruptcy (Riley, 2011Ь). 

In August, Arco Aluminum Inc. (Louisville, KY ) was sold by 
BP plc to a consortium of Japanese-based investors comprised 
of Sumitomo Light Metal Industries Ltd. (4096), Furukawa Sky 
Aluminum Corp. (35%), Sumitomo Corp. (20%), Itochu Metals 
Corp. (3%), and Itochu Corp. (2%). Arco’s main asset was its 60% 
share of the Logan Aluminum Inc. rolling mill and recycling 
plant in Russellville, KY, a joint venture with Novelis (40%). The 
company was renamed Tri-Arrows Aluminum (Allagh and 
others, 2011; Platts Metals Week, 201 le). 


World Industry Structure 


Production.—World primary aluminum production increased 
by 8% in 2011 compared with that of 2010 owing to smelter 
reopenings and expansions as prices recovered from the lows 
during the 2008-09 financial crisis. China, Russia, Canada, and 
the United States, in decreasing order of production, accounted for 
61% of total world primary aluminum production. China was the 
leading producer and accounted for 41% of global production 

During the fourth quarter of 2008 and early 2009, many | 
primary smelters announced shutdowns in response to declining 
prices, as demand for aluminum receded in the face of the 
financial crisis. Throughout 2010, most of these shutdowns 
continued, although several restarts were announced in the 
second half of the year. In 2011, more restarts were announced 
as prices and demand for aluminum increased, and world 
production increased by 1296 from that in 2008. 
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Stocks.—As aluminum prices recovered from the lows during 
the financial crisis in 2009, smelter restarts during late 2010 
and early 2011 led to increased aluminum inventories. Yearend 
2011 inventories of primary aluminum metal held by the LME 
increased by 16% to 4.98 Mt from 4.27 Mt at yearend 2010; 
aluminum alloy inventories increased by 103% to 142,000 t from 
70,000 t. Primary aluminum metal ingot stocks at U.S. LME 
warehouses increased by 5% to 2.2 Mt at yearend 2011 from 
2.09 Mt at yearend 2010. At yearend 2011, LME warehouses in the 
United States also held about 157,000 t of NASAAC metal ingot, 
an 18% increase from the 134,000 t held at yearend 2010 (London 
Metal Exchange Ltd., 2010; 2011). 

The increased inventories at LME warehouses were slightly 
offset by decreases in IAI total aluminum inventories, which 
decreased by 5% to 2.39 Mt at yearend 2011 from 2.52 Mt at 
yearend 2010. Total aluminum includes unwrought aluminum 
plus unprocessed scrap, metal in process, and finished 
semifabricated (mill) products. Unwrought aluminum inventories 
held by member producers of the IAI were unchanged at 
1.40 Mt at yearend 2011 from yearend 2010. Unwrought 
aluminum is defined by the IAI as aluminum in its basic form 
made from primary metal or from scrap and that is metallurgically 
unworked (International Aluminium Institute, 2012). 


World Review 


Argentina.—Aluminio Argentino S.A.LC. (Aluar) completed 
the expansion of the capacity of its Puerto Madryn smelter 
to 455,000 t/yr from 425,000 t/yr (CRU Aluminum Monitor, 
2011a). Aluar shut down approximately 10% of production 
capacity at its smelter on November 6 because of damage caused 
by flooding and expected that full production would be restored 
by the end of February 2012 (Metal Bulletin, 2011; Platts Metals 
Week, 201 1c). 

Australia.—Shipments of aluminum from Rio Tintos 550,000- 
t/yr Boyne smelter were disrupted during flooding of roads and 
railroads between the smelter and Brisbane in January. The port 
of Brisbane was also closed during the flooding but production 
from the smelter was not affected (Rio Tinto plc, 201 la; d, p. 16). 

Azerbaijan.—Det. AL Group (Detal) (Baku, Azerbaijan) 
started production from its new 100,000-t/yr Ganja smelter in 
the fourth quarter of 2011. Output was expected be at about 
50% of capacity during the first year of production. Detal 
was planning to restart its 60,000-t/yr Sumgait smelter at an 
unspecified date and was in the process of restarting its 
450,000-t/yr alumina refinery in Sumgait during the fourth 
quarter of the year. The Sumgait smelter and the refinery were 
shut down in 2009 because of declining prices for aluminum 
(Platts Metals Week, 2011h). 

Bahrain.—Aluminum Bahrain BSC (Alba) completed 
feasibility studies on upgrading two potlines and constructing 
a new potline. The upgrade would increase the capacity of 
the smelter to 970,000 t/yr from 880,000 t/yr and was to be 
completed by yearend 2012. The additional potline would 
add 400,000 t/yr of capacity when completed in 2014. Total 
production for the year increased 4% compared with 2010 
production (Aluminum Bahrain BSC, 2012a, b). 

Brazil, — Production at Companhia Brasileira de Alumínios 
(CBA) (a subsidiary of Votorantim Group), 400,000-t/yr smelter 
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at Sorocaba, decreased owing to technical issues that started in 
January and continued through November. Total production for 
CBA during the year was 1396 less than that of 2010 (Associação 
Brasileira do Alumínio, 2011a; Votorantim Group, 2011). 

Brazil recycled 97.696 of all aluminum beverage cans sold in 
the country during 2010, slightly lower than the record rate of 
98.296 achieved in 2010. Brazil collected and recycled 
239,100 t of UBCs, the equivalent of 17.7 billion aluminum cans. 
For the 10th consecutive year, Brazil had the highest aluminum 
can recycling rate among countries that do not have mandatory 
recycling laws. Sales of aluminum beverage cans increased by 
2196 during 2010 compared with the number sold during 2009, 
and the volume of UBCs collected increased by 20.3% compared 
with that of 2009 (Associacáo Brasileira do Alumínio, 2011b). 

Novelis announced it would expand its recycling facility and 
rolling mill in Pindamonhangaba to 390,000 t/yr from 
200,000 t/yr by yearend 2013. The recycling center processed 
UBCs and other scrap, and the rolling mill produced can sheet 
and other rolled products (Novelis Inc., 20114). 

Canada.—Rio Tinto was moving forward with construction 
of the new smelter in Saguenay, Quebec. The first phase of the 
smelter would have a capacity of 60,000 t/yr and was expected to 
start production in February 2013. Progress also continued on 
the Kitimat, British Columbia, smelter modernization project 
that would expand capacity of the smelter to 420,000 t/yr from 
277,000 t/yr by replacing the Soderberg pots with prebaked pots 
in order to increase efficiency and reduce emissions. Production 
from the new potlines was expected to start in the first half of 
2014. Because two potlines with a combined capacity of 
67,000 t/yr were permanently shut down in August 2010, 
aluminum production was 996 lower in 2011 than in 2010 
(Rio Tinto plc, 2012a, p. 5, 16; b, p. 41). 

Production at Rio Tintos 100,000-t/yr smelter at Shawinigan, 
Quebec, was cut by one-half after a power failure on 
December 29. Rio Tinto planned to gradually restart the two 
potlines and the smelter was expected to resume production 
at full capacity by the end of March 2012. The smelter was 
scheduled to be shut down permanently by December 2014 
(American Metal Market, 2012; Rio Tinto Alcan Inc., 2012b). 

A labor contract between Rio Tinto and employees at the 
438,000-t/yr Alma smelter in Saguenay-Lac-Saint-Jean, Quebec, 
expired on December 31, 2011, when negotiations between 
Rio Tinto and the union representing 755 employees failed to 
reach an agreement for a new contract. The employees were 
locked out, and two-thirds the smelter's capacity was shut down 
in January 2012. The company planned to keep the remaining 
potlines operating for the duration of the labor dispute 
(Rio Tinto Alcan Inc., 2012a; Waite, 2012). 

Alcoa announced modernization projects at its smelters in 
Quebec. The Baie-Comeau smelter would replace 
160,000 t/yr of Soderberg pots with a new 160,000-t/yr prebaked 
potline by 2015. Capacity at the Deschambault smelter would 
increase by 25,000 t/yr to 285,000 t/yr by 2016 through increased 
power efficiency. Alcoa and the government of Quebec also 
signed a 25-year power supply contract for the Baie-Comeau, 
Becancour, and Deschambault smelters (Alcoa Inc., 2011b). 

Aluminerie Alouette Inc. signed a memorandum of 
understanding with the government of Quebec for 
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500 megawatts (MW) of power to supply an expansion of the 
smelter in Sept-Iles, Quebec. A feasibility study was being 
conducted to expand the smelter’s capacity to 930,000 t/yr from 
575,000 t/yr by 2016 or 2017. Aluminerie Alouette was a joint 
venture between Rio Tinto (40%), Aluminium Austria Metall AG 
(20%), Norsk Hydro (20%), Societe Generale de Financement 
du Quebec, (13.3%), and Marubeni Quebec Inc. (6.7%) (CRU 
Aluminum Monitor, 2011); Norsk Hydro ASA, 201 1a). 

China.—Primary aluminum production in China increased 
by 12% compared with that in 2010. Capacity expansions and 
restarts of temporary closures outweighed decreases from 
closures of inefficient smelters and from reduced output owing 
to power shortages at others. 

The Government of China announced a policy to permanently 
shut down 600,000 t/yr of primary aluminum smelting 
capacity that used obsolete technology. The stated purpose 
of the policy was to remove the least efficient potlines, limit 
energy consumption, reduce pollution emissions, and reduce 
oversupply. The closures were expected to be offset by newly 
opened smelters and expansions. Approximately 
270,000 t/yr of capacity was specifically identified for 
elimination. In Hubei Province, 47,000 t/yr of capacity at 
the Hubei Huasheng Aluminum-Electric Co. Ltd. smelter in 
Qianjiang and 60,000 t/yr of capacity at the Huangshi Yangxin 
Hongjun Aluminum Co. Ltd. smelter were ordered to shut down. 
In Liaoning Province, Aluminum Corp. of China (Chinalco) 
was ordered to shut down 30,000 t/yr of capacity at the Fushun 
smelter. In Shaanxi Province, Jinyuan Aluminum Co. Ltd. was 
ordered to eliminate 20,000 t/yr of capacity at its smelter in 
Weinan. Shutdowns in Shanxi Province would include 
17,500 t/yr at Shanhe Aluminum Co. Ltd.; 51,000 t/yr at Shanxi 
Guanlv Aluminum Co. Ltd.; 10,000 t/yr at Shuangshan Jiaolv Co. 
Ltd.; and 19,600 t/yr at Shanxi Yangquan Aluminum Co. Ltd. 
Yunnan Province would have 13,000 t/yr of capacity shutdown. 
Henan Province also planned to eliminate 30,500 t/yr of smelting 
capacity, and 170,000 t/yr of capacity would be shut in Lanzhou, 
Gansu Province (China Metal Market—Alumina and Aluminum, 
20116 i, j; CRU Aluminum Monitor, 2011b, а, е). 

Several Chinese Government agencies took action to stop 
construction of 23 aluminum smelter projects which would 
have had a combined capacity of 7.74 Mt/yr. The action was 
taken to prevent overcapacity of aluminum smelters as well as 
to limit power consumption and pollution (CRU Aluminum 
Monitor, 2011g). The National Development and Reform 
Commission announced a policy prohibiting local governments 
from establishing preferential power rates for energy-intensive 
industries including aluminum smelting and alumina refining 
(China Metal Market—Alumina and Aluminum, 20110). 
_ The Provincial government in Qinghai announced that 
it would not approve new smelter projects in an effort to 
curb power shortages and reduce pollution. The policy also 
prohibited powerplants from supplying unapproved businesses. 
The policies also affected cement, ferroalloy, and soda ash 
Projects. The provincial government of Jiangxi announced 
similar restrictions on new energy-intensive projects. The policy 
Prohibited financing and real estate transactions supporting 
energy-intensive projects (China Metal Market—Alumina and 
Aluminum, 201 ll, q). 
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Qinghai Province ordered four companies to shut down 
outdated smelting technology. The companies affected were 
Jinyuan Aluminum Co. Ltd., Qinghai Minhe Aluminum Co. 
Ltd., Tongren Aluminum Co. Ltd., and Yinglu Aluminum 
Co. Ltd. The total amount of capacity affected by this policy 
was unclear (China Metal Market—Alumina and Aluminum, 
2011p). 

Chinalco shut down the remaining obsolete pots having 
a capacity of 140,000 t/yr at its Liancheng smelter in Gansu 
Province. One potline was shut down in August and the second 
was shut down in October (China Metal Market—Alumina and 
Aluminum, 2011d; CRU Aluminum Monitor, 2011h). Chinalco 
replaced the obsolete capacity with three new potlines. Production 
from the first new potline began in March, the second potline in 
the middle of the year, and the third potline started production 
in November to reach the smelter’s full capacity of 388,000 t/yr by 
yearend (China Metal Market—Alumina and Aluminum, 2011b; 
CRU Aluminum Monitor, 201 le, j). 

Meishan Aostar Aluminum Co. Ltd. restarted idle capacity that 
had been shut down at its smelter in Meishan, Sichuan Province 
(CRU Aluminum Monitor, 2011ћ). Faxiang Aluminum Co. Ltd. 
restarted 30,000 t/yr of capacity at its 100,000-t/yr smelter during 
the first quarter of the year, which had been closed in 2010 owing 
to power shortages (CRU Aluminum Monitor, 201 1c). In April, 
Jiaozhuo Wanfang Aluminum Co. Ltd. restarted 140,000 t/yr 
of smelting capacity that had been shut down during the fourth 
quarter of 2010 at its 420,000-t/yr smelter owing to power shortages 
(China Metal Market—Alumina and Aluminum, 201 1m). 

China Power Investment Co. Ltd. started production from the 
new potline in March that doubled capacity to 500,000 t/yr at its 
Qinghai Xinye smelter (CRU Aluminum Monitor, 201 Ic). 

Xichuan Xinyuan Aluminum Co. Ltd. started production 
from its smelter in Henan during the first quarter of the year. The 
200,000-t/yr smelter was completed in 2010 but power shortages 
delayed the start of production (CRU Aluminum Monitor, 201 1c). 

Full capacity production was reached in March at a recently 
completed potline at the East Hope Group Ltd. smelter in 
Baotou, Inner Mongolia, which increased capacity to 
800,000 t/yr from 500,000 t/yr (China Metal Market— Alumina 
and Aluminum, 2011g). 

: Huanghe жен Aluminum Со. Ltd. started production in March 
om a new potline at its smelter in Xini i i ; 
1псгеа$еа ог жолы Реми и ык ал кы d 
710 500,000 t/yr from 250,000 t/yr 
(China Metal Market—Alumina and Aluminum, 2011f), 
gadi Yinchuan, Ninglong Cont aie риа об 
oe 8 County, Ningxia Province, and 
started production in July. The project increased capacity to 
580,000 t/yr from 270,000 t/yr. The new potline was producin 
| Ба 
full capacity by November (CRU Aluminum Monitor, 2011р, j) 

Shaanxi Yulin Co. Ltd. completed construction of a d 

650,000-t/yr aluminum smelter in October and started 
production from one 160,000-t/yr potline in September. Full 
production from the smelter was expected in early 2012. Th 
project in Yulin, Shaanxi Province, also included al 500-M | 
coal-fired powerplant (China Metal Market—Alumina and Ы 
се 20111; CRU Aluminum Monitor, 201 1h) 

ansu Dongxing Aluminum Co. Ltd. | 
of its smelter in Dingi Gansu кошш. — 2x азов 
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190,000 t/yr from 110,000 t/yr in January, and an additional 
expansion increasing capacity to 270,000 t/yr was completed 
in September and put into production in October. Another 
expansion to increase capacity to 360,000 t/yr was reportedly 
being considered (China Metal Market—Alumina and 
Aluminum, 2011h; CRU Aluminum Monitor, 20111). 

Shandong Yili Aluminum & Power Co. Ltd. completed 
a 400,000-t/yr smelter in Longkou, Shandong Province, in 
October. Production started in November and was expected to 
reach full capacity in early 2012 (China Metal Market—Alumina 
and Aluminum, 20111). 

East Hope started construction of an 800,000-t/yr smelter in 
Jimsar County, Xinjiang Province, in March (CRU Aluminum 
Monitor, 201 1e). 

Chinalco received approval to modernize the Guizhou 
smelter by replacing 180,000 t/yr of capacity with more efficient 
pots (China Metal Market—Alumina and Aluminum, 2011n). 
Chinalco shut down approximate 25,000 t/yr of capacity at 
its 400,000-t/yr Guizhou smelter in September citing power 
shortages (CRU Aluminum Monitor, 20111). 

Datang Shaanxi Power Co. Ltd., Jinyauan Aluminum Co. Ltd., 
and Qusheng Power Co. Ltd. announced that they would build a 
200,000-t/yr smelter with a 750-MW powerplant in Chengcheng 
County, Shaanxi Province. Coal would be supplied from a 
5-Mt/yr mine in the Province to be constructed as part of the 
project (China Metal Market—Alumina and Aluminum, 201 le). 

Shandong Innovation Group (a subsidiary of Shandong 
Weiqiao Group) obtained approval to construct an 800,000-t/yr 
smelter in Huoligele, Inner Mongolia Province. Construction of 
the first phase was scheduled to start in May 2012. The second 
phase of the smelter was expected to be completed at yearend 
2015 (China Metal Market—Alumina and Aluminum, 201 Is). 

Beijing Songjuehuarong Investment Co. Ltd. and Chongqing 
Wujiang Electric Power Co. Ltd. received approval to construct 
an aluminum complex in Qianjiang district, Chongqing Province. 
The project would include a 200,000-t/yr smelter, a rolling mill, an 
anode furnace, and а 600-MW coal-fired powerplant 
(China Metal Market—Alumina and Aluminum, 20112). 

France.—Transformer failures took place in May and August at 
the 262,000-t/yr Dunkerque smelter causing production to decrease 
by 10% from that in 2010 (Rio Tinto plc, 2012a, p. 5, 16). 

Germany.—Novelis completed a 50,000-t/yr double chamber 
furnace at Neuss in November. The expansion would supply 
ingot to the Alunorf rolling mill, a joint venture between Novelis 
and Norsk Hydro (Novelis Inc., 2011b). 

Ghana.—Volta Aluminum Co. Ltd. (Valco) restarted 
production from one 40,000-t/yr potline at its 200,000-t/yr 
smelter in January. Valco had shut down the smelter in 2003 
because of power shortages caused by low water levels at the 
Akosombo hydroelectric powerplant (Volta Aluminum Co. Ltd., 

1). 
d — Rio Tinto started an expansion and modernization 
project of the ISAL smelter in Straumsvik, which was expected 
to be completed by July 2014. The capacity of the smelter would 
increase to 230,000 t/yr from 190,000 t/yr. The project would 
also include a billet casthouse (Rio Tinto Alcan Inc., 20112). 

Century resumed limited construction on the Helguvik 
smelter and was awaiting finalization of a power contract to 


5.6 


resume full-scale work. Once completed, the smelter would 
have a production capacity of 360,000 t/yr. Construction of the 
project originally started in June 2008 but was delayed during 
the financial crisis in late 2008 (Century Aluminum Co., 2012a, 
p. 2, 3, 10, 11). 

Alcoa canceled plans for a new smelter at Bakki, citing 
insufficient available power to operate the smelter at optimal 
capacity. The proposed smelter would have had a capacity of 
250,000 t/yr (Alcoa Inc., 20114). 

India.—In September, National Aluminium Co. Ltd. (Nalco) 
temporarily shut down 1096 of capacity at its 460,000-t/yr 
Angul smelter. Shortages of coal for its captive powerplant 
and declining aluminum prices were cited for the shutdown 
(National Aluminium Co. Ltd., 2012). Nalco expected to complete 
upgrading smelting pots in 2012 that would increase capacity to 
560,000 t/yr (National Aluminium Co. Ltd., 2011, p. 14). 

In June, a power failure forced Vedanta Resources plc to 
shutdown 170 pots at the 500,000-t/yr Jharsuguda I smelter. 
The pots, with a total capacity of approximately 160,000 t/yr, 
were restarted by yearend (Vedanta Resources plc, 2011, 20125). 
Vedanta was upgrading the capacity at the Jharsuguda I smelter 
to 550,000 t/yr with a project scheduled for completion by the 
end of June 2013. Vedanta was also progressing on construction 
of the 1.25-Mt/yr Jharsuguda II smelter, with completion 
expected by yearend 2013. Construction of the 325,000-t/yr 
Korba III smelter was also progressing, with initial production 
expected in the fourth quarter of 2012 (Vedanta Resources plc, 
2012a, p. 6, 18, 38). 

Full production was restored at the beginning of 2011 
at Hindalcos Hirakud smelter after a power failure caused 
by lightning shut down production in July 2010 (Hindalco 
Industries Ltd., 2011c). Expansion of the smelter to 
161,000 t/yr from 155,000 t/yr was completed in the first quarter 
of 2011. Another expansion to increase capacity to 
213,000 t/yr was expected to be completed in early 2012, and 
a further expansion to 360,000 t/yr was being considered 
(Hindalco Industries Ltd., 2011a). Construction of the 
359,000-t/yr Mahan smelter and 900-MW captive powerplant 
was progressing but the completion date was revised to early 
2012 from September 2011 owing to rising costs (Hindalco 
Industries Ltd., 20112, b). Work on the 359,000-t/yr Aditya 
smelter and 900-MW captive powerplant was underway with 
completion projected in the first quarter of 2013 (Hindalco 
Industries Ltd., 2011b, c). Acquisition of land and environmental 
permits for the proposed 359,000-t/yr Jharkhand smelter and 
900-MW captive powerplant was progressing after having been 
deferred in 2009. Expected completion of the project was revised 
from 2013 to mid-2015 (Hindalco Industries Ltd., 2011c). 

Iran.—Salco and China Non-ferrous Metal Industry's Foreign 
Engineering and Construction Co. (NFC) signed a contract to 
construct a 276,000-t/yr smelter (CRU Aluminum Monitor, 
2011b). NFC also signed a contract with ALPHACONFC of Iran 
to construct an aluminum smelter with an initial capacity of 
155,000 t/yr and the option to expand the smelter to 
310,000 (уг (China Metal Market —Alumina and Aluminum, 
2011k). Chinese lenders would finance both projects. The 
location of the smelters and construction schedules were not 
available. | 
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Italy.—Novelis announced it would construct a continuous 
cast line, including a 15,000-t/yr double chamber furnace at 
Pieve Emanuele. The expansion, expected to be completed 
at yearend 2012, would produce rolled products from scrap 
(Novelis Inc., 2011c). 

Japan.—An earthquake, tsunami, and subsequent meltdowns 
of nudear powerplant reactors in March, had a significant 
effect on aluminum consumption by the domestic automotive 
industry. Although primary aluminum production in Japan 
was not affected substantially, the loss of power and damage 
to factories and infrastructure forced the closure of several 
automobile parts manufacturers in Japan. 'The shortage of parts 
from Japan forced some assembly lines in Japan and the United 
States to close or slow production for several months, which 
resulted in decreased consumption of secondary aluminum in 
China and the United States by automobile parts manufacturers 
(Davidson, 2011b; McDonnell and Watanabe, 2011; Watanabe, 
2011). 

Kazakhstan. — Construction of an anode plant at the 
250,000-t/yr Pavlodar smelter was progressing, with completion 
expected in 2012 (Eurasian Natural Resources Group Inc., 

2011, p. 7). 

Korea, Republic of.—Novelis announced it would expand its 
recycling facility and rolling mill in Yeongju. The expansion of 
the recycling facility would increase capacity by approximately 
220,000 t/yr by yearend 2012. The expansion of the rolling mill 
was expected to be completed in late 2013 and produce can 
sheet and other rolled products for automotive and electronics 
manufactures (Novelis Inc., 2011e). 

Montenegro.— Central European Aluminum Co. completed 
a modernization project of the Podgorica smelter in the second 
quarter of 2011 that increased capacity of the smelter to 
156,000 t/yr from 120,000 t/yr. The project increased smelter 
efficiency and also upgraded the anode furnace (Central 
European Aluminum Co., 201 1). 

Netherlands. —At yearend, Zalco [а subsidiary of Klesch Group 
Ltd. (London, United Kingdom)] shut down its 275,000-t/yr 
smelter in Vlissingen. Klesch had been unable to find a buyer for the 
smelter and was not able to secure financing to continue operating 
during bankruptcy proceedings (Platts Metals Week, 20114). 

Nigeria,—In December, the Nigerian Senate voted to repeal 
the sale of the 96,000-t/yr smelter at Ikot Abasi to United 
Company Rusal because the sale of the smelter and other assets 
had not complied with privatization laws. Rusal purchased 85% 
of the smelter in 2007, with the Government of Nigeria retaining 
15%. The repeal required approval by the President before taking 
effect (Bala-Gbogbo, 2011). 

Norway.—In June, Norsk Hydro restarted 15,000 t/yr of 
smelting capacity at the 360,000-t/yr Sunndal smelter. Norsk 
Hydro had temporarily shut down 100,000 t/yr of capacity at the 
smelter in May 2009 as aluminum prices dropped. Increasing 
prices early in 2011 enabled the restart of part of the idle 
capacity but plans to restart the remaining pots were canceled 
When prices started to decline in the second half of 2011 (Norsk 
Hydro ASA, 201 1d). 

Oman. —Sohar Aluminum Co. was considering an expansion 
project at Its smelter that would double capacity to 740,000 t/yr. 
The expansion would be contingent upon availability of natural 
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gas to fuel the powerplant. Construction was projected to take 3 
years after approval (CRU Aluminium Monitor, 20114). 

Qatar.—Qatar Aluminium Ltd. (Qatalum) announced that 
production from its 585,000-t/yr smelter in Qatar reached 
full capacity in September. The smelter was commissioned in 
December 2009, but a power failure on August 9, 2010, forced 
a shutdown of all pots in production. Production was restarted 
on September 15, 2010, but issues with the powerplant slowed 
the restart process. Qatalum was a joint venture between Norsk 
Hydro and Qatar Petroleum Ltd. (Doha) (Norsk Hydro ASA, 
2011b, с). 

Russia.—The collapse of a railway bridge over the Abakan 
River disrupted deliveries of supplies to Rusal’s Sayanogorsk 
and Khakas smelters during May and June. Production from the 
542,000-t/yr Sayanogorsk smelter decreased by 7% compared 
with production in 2010, and production from the 297,000-t/yr 
Khakas smelter decreased slightly (United Company RUSAL, 
2011b; 2012). 

Rusal completed a modernization and expansion of the 
80-year-old Volkhov smelter at the end of 2011. The project 
upgraded emissions control systems and increased capacity to 
32,000 t/yr from 24,000 t/yr (United Company RUSAL, 20116). 

Киза! resumed construction of the Boguchansky smelter. The 
first phase of the project, projected to be completed in 2013, 
would have a capacity of 147,000 t/yr and expansion to 
600,000 t/yr was planned. А 3,000- MW powerplant was being 
built on the Angara River to power the smelter. Rusal continued 
work on the Taishet smelter, including infrastructure in the 
area near the smelter. The first phase of the project would have 
a capacity of 375,000 t/yr when completed in late 2012 or early 
2013, and a proposed second phase, projected to be completed 
in late 2012 or early 2013, would increase production capacity 
to 750,000 t/yr. Work on both projects started in 2007 but was 
put on hold in 2009 during the financial crisis (United Company 
RUSAL, 2011a, d). 

Saudi Arabia. —Saudi Arabian Mining Co. (Маадеп) and 
Alcoa continued constructing the 740,000-t/yr Raz as Zawr 
smelter and 380,000-t/yr rolling mill. The project, expected to 
be completed in 2013, also included a 4-Mt/yr bauxite mine at 
Al Baitha and a 1.8-Mt/yr alumina refinery in Raz as Zawr that 
were expected to be completed in 2014. Маадеп owned 74.996 of 
the joint venture and Alcoa owned 25.196 (Alcoa Inc., 201 la) 

Turkey.—Eti Aluminyum A.S. announced plans to increase | 
capacity of its smelter in Seydisehir to 95,000 t/yr from 65,000 t/ 

А construction schedule was not available (Hurriyet Daily, 201 1. 
Ukraine.—Rusal shut down the Zaporozhye smelter in M | 
During 2010, the 114,000-t/ Жашы 

g | ; yr smelter had produced only 25,000 
t of aluminum and was producing at that same rate until the | 
closure. High power costs were cited for the production cuts i 
recent years (United Company RUSAL, 2012). j 

United Arab Emirates.—In January, Emirates ini 
Ltd's (EMAL) 750,000-t/yr smelter “у айы ү el 
production after having been started in December 2009. EMAL 
was upgrading the smelter to increase capacity to 800,000 t/yr with 
completion expected by yearend 2012. In September, EMAL s E 
construction of a new potline that would increase capa city pt 
Mt/yr by yearend 2014. EMAL was a partnership between Dubai 
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Aluminium Co. Ltd. and Миђадаја Development Со. (Emirates 
Aluminium Ltd., 2011; 2012). 

United Kingdom.—Rio Tinto announced that it would close 
the 169,000-t/yr smelter at Lynemouth. The smelter, which 
started production in 1972, would be permanently shut down 
in early 2012, and options to sell the associated powerplant 
were being explored. Higher compliance costs associated with 
emerging regulatory requirements were cited as the reason for 
the shutdown (Rio Tinto plc, 2011b). In December, a power 
failure at the Lynemouth smelter resulted in the shutdown 
of about two-thirds of its capacity. Rio Tinto had previously 
identified the Lynemouth smelter and powerplant as assets to be 
divested as part of a restructuring of its aluminum business 
(Rio Tinto plc, 2012a, p. 5). 

Venezuela. —Power shortages continued to cause shutdowns 
that started in mid-2010 at the Alcasa and Venalum smelters. 
Further disruptions to production in February and May were 
caused by short-term strikes to protest unpaid benefits and 
disputes between rival unions. Production from the 170,000-t/yr 
Alcasa smelter was reduced to a rate of 90,000 t/yr during April 
as a result of shortages of raw materials including aluminum 
fluoride, cryolite, and petroleum coke. Financing problems were 
cited for the lack of raw materials. At yearend, the 
430,000-t/yr Venalum smelter was producing at a rate of 
approximately 280,000 t/yr (Platts Metals Week, 201 1a, b, g, 

k). A modernizing project of the Alcasa smelter was awarded 

to Chinalco. The project would update technology of the two 
potlines and would also include an extrusion plant on the site 
where two potlines had been permanently closed in 2010 (Platts 
Metals Week, 2011f). 


Outlook 


Aluminum prices stabilized during the first half of 2012 after 
declining during the second half of 2011. As of June 1, 2012, 
about 33% (1.05 Mt/yr) of domestic primary aluminum smelting 
capacity was not being used. World demand for aluminum in 
2012 was expected to increase slightly compared with demand 
in 2011 as economic expansion in China offsets declines of 
aluminum consumption in Europe. However, policies aimed 
at slowing growth in China could reduce demand growth for 
aluminum in that nation. 

Consumer credit issues in Western Europe were expected to 
continue through 2012. The continuing uncertainty about the 
impact of sovereign debt issues in Europe also raised concerns 
about consumer demand. The impact of the European debt 
crises was being felt as automobile sales declined during the early 
part of 2012 compared with sales in the same period of 2011. In 
the United States, consumption of aluminum was expected to 
gradually increase during 2012 compared with consumption in 
2011, led by as increasing sales of automobiles. 

Although easing of credit to aluminum companies was 
expected to enable more expansion projects to progress in many 
parts of the world, some projects that had been proposed prior 
to the financial crisis have been postponed indefinitely, and 
plans for some others are expected to be abandoned. Relatively 
high electricity prices in parts of the United States diminished 
the likelihood of some domestic smelters reopening in the 
near-term. In the first quarter of 2012, Alcoa announced that 
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the temporary closures of the 215,000-t/yr Alcoa, TN, smelter 
and 76,000 t/yr of capacity at the Rockdale, TX, smelter would 

be made permanent. Alcoa also announced that the 150,000-t/yr 
Portovesme, Italy, smelter would be permanently closed and the 
93,000-t/yr Aviles and 87,000-t/yr La Coruna smelters in Spain 
would be temporarily shutdown. These actions would be completed 
during the first half of 2012 (Alcoa Inc., 2012a, b). Other smelter 
shutdowns in Europe and Australia were announced in the 
early part of 2012, citing costs of power, low aluminum prices, 
and costs associated with proposed regulations on emissions of 
greenhouse gases. Concerns have been cited by the owners of 
smelters in Hawesville, KY; Mount Holly, SC; and Sebree, KY, 
about high costs for power when current supply contracts expire 
in coming years. The owner of the smelter in Columbia Falls, 
MT, was negotiating a power supply contract that would enable 
a restart of production (CRU Aluminum Monitor, 2011f, g, h). 
New smelters constructed where power costs are relatively low 
were expected to continue to replace production at high-cost 
smelters in the United States and other locations. 
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Price, average, U.S. market, spot cents per pound 
Inventories (December 31): 


__inventories(Wecember 21 
Aluminum industry” 


London Metal Exchange, U.S. warehouses" 
Secondary recovery" 


New scrap 
Old scrap 
Total 
Exports, crude, semicrude, and scrap 


Imports for consumption, crude and semicrude? 
Supply, apparent 
Consumption, apparent’ 

World, production 

“Estimated. ‘Revised. 


2007 2008 2009 2010 
2,554 2,658 1,727 1,726 
$6,880 $7,062 $3,025 $3,975 
122.2 120.5 79.4 104.4 
1,400 1,220 937 1,010 
463 1,290 2,200 2,230 
2,450 2,130 1,570 1,540 ' 
1,660 1,500 1,260 1,250 ' 
4,120 3,630 2,820 2,790 ' 
2,840 3,280 2,710 3,040 
4,020 3,710 3,680 3,610 
7,620 6,070 4,890 5,000 
5,170 3,940 3,320 3,460 


37,900 ' 39,700 ' 37,100 ' 41,200 ' 


2011 


1,986 
$5,083 
116.1 


1,060 
2,360 


1,650 
1,450 
3,110 
3,420 
3,710 
5,200 
3,550 
44,400 * 


!Data are rounded to no more than three significant digits except “Primary production: Quantity” and “Price, average, U.S. market, 


spot.” 


раја from the Aluminum Association Inc.; includes ingot, semifabricated material, and scrap inventory levels for United States and 


Canadian producers. 
3Includes aluminum alloyed material. 


^Metallic recovery from purchased, tolled, or imported new and old scrap expanded for full industry coverage. 


Excludes scrap. 


Defined as domestic primary metal production plus secondary recovery plus imports (excluding scrap) minus exports plus 


adjustments for London Metal Exchange (U.S. warehouses) and industry stock changes. 


7 Apparent supply less recovery from purchased new scrap. 
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ТАВГЕ 2 
PRIMARY ANNUAL ALUMINUM PRODUCTION CAPACITY IN THE UNITED STATES, BY COMPANY ! 


Yearend capacity 
(thousand metric tons) 
Company and location 2010 2011 Ownership in 2011 
Alcoa Inc.: | 
Alcoa, TN? 215 215 Alcoa Inc., 100%. 
Evansville, IN (Warrick) 269 € 269 Ро. 
Ferndale, МА (Intalco) 279 279 Do. 
Massena, NY (St. Lawrence) 125 125 Do. 
Massena, NY 130 130 Do. 
Mount Holly, SC 229 229 Alcoa lnc., 50.3%; Century Aluminum Co., 49.7%. 
Rockdale, ТХ? 267 267 Alcoa lnc., 100%. 
Wenatchee, WA 184 184 Do. 
Total 1,700 ' 1,700 
Century Aluminum Co.: 
Hawesville, KY 244 244 Century Aluminum Co., 100%. 
Ravenswood, WV? 170 170 Do. 
Total 414 414 
Columbia Falls Aluminum Co., Columbia Falls, MT” 168 168 Glencore International AG, 100%. 
Goldendale Aluminum Co., Goldendale, WA? 160 160 Private interest, 60%; employees, 40%. 
Noranda Aluminum Holding Corp., New Madrid, MO 263 263  Noranda Aluminum Holding Corp., 100%. 
Ormet Primary Aluminum Corp., Hannibal, OH 260 ' 260 Ormet Corp., 100%. 
196 196 Rio Tinto Alcan Inc., 10094. 


Rio Tinto Alcan Inc., Sebree, KY 
Grand total 


'Revised. Do. Ditto. 
‘Data are rounded to no more than three si gnificant digits; may not add to totals shown. 


3,160 ' 3,160 


?"Temporarily idle. 


TABLE 3 
U.S. CONSUMPTION OF AND RECOVERY FROM PURCHASED 


NEW AND OLD ALUMINUM SCRAP, BY CLASS "2 
(Metric tons) 


Calculated recovery 


DLL “ка LR Dc a у уч. 
. У ИЙ 
Class Consumption Aluminum Metallic 
2010: 


_ Secondary smelters 1,600,000 ' 1,140,000 * 1,220,000 " 
. Independent mill fabricators? 1,450,000 1,240,000 1,320,000 
Foundries 50,700 41,400 44,200 
Other consumers 6,290 6,290 6,290 
Total 3,110,000 * 2,430,000 2,590,000 
. Estimated full industry coverage _ 3,360,000" 2,620,000 2.790.000 ! 
2011: 
Secondary smelters — — 2,070,000 1,400,000 — 1,500,000 
. Independent mill fabricator? — — 1,470,000 1,250,000 1,330,000 
Foundries £ 50,700 41,400 44,300 
Other consumers 5,770 5,770 5,770 


Total 3,590,000 2,700,000 2,880,000 
Estimated full industry coverage 3,880,000 2,910,000 3 110,000 
"Revised. i 
‘Excludes recovery from other than aluminum-base scrap. 
"Data are rounded to no more than three significant digits; тау not add to 
totals shown. 
Includes plants previously categorized as “Integrated aluminum companies,” 
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ТАВГЕ 4 
U.S. STOCKS, RECEIPTS, AND CONSUMPTION OF PURCHASED NEW AND OLD ALUMINUM SCRAP 


AND SWEATED PIG IN 2011 "? 


5.14 


(Metric tons) 
Stocks, Net Stocks, 
— —. Classofconsumerandtypeofscrap — January! — receipts — Consumption — December3l 
Secondary smelters: 
New scrap: 
Extrusions 16,900 "€ 302,000 300,000 18,900 
Can stock clippings 4,520 75,200 71,700 8,060 
Other wrought sheet and clippings 2,390 ' 206,000 204,000 4,640 
Casting 1,460 ' 56,400 55,700 2,150 
Borings and turnings 3,220" 109,000 109,000 3,840 
Dross and skimmings 7,100 € 641,000 632,000 15,900 
Total 35,600" 1,390,000 1,370,000 53,400 
Old scrap: 
Castings 4,110° 116,000 117,000 2,530 
Extrusion 4,400 ' 140,000 137,000 7,650 
Aluminum cans* 7,060 162,000 161,000 8,010 
Other wrought products 5,110" 186,000 182,000 9,170 
Auto shredder scrap 1,500 € 98,000 98,100 1,360 
Total 22,200 ' 701,000 695,000 28,700 
Sweated pig 89 356 390 55 
Grand total secondary smelters 57,8007 2,090,000 2,070,000 82,200 
Integrated aluminum companies, foundries, independent 
mill fabricators, other consumers: 
New scrap: 
Extrusion 3,110 € 210,000 212,000 731 
Can stock clippings 1,530 206,000 205,000 2,660 
Other wrought sheet and clippings 3,950 219,000 214,000 8,770 
Casting 243 17,100 17,100 243 
Borings and turnings 367 12,600 12,600 414 
Dross and skimmings 462 4,780 4,750 487 
Total 9,670 ' 669,000 665,000 13,300 
Old scrap: 
Castings 5,570 114,000 116,000 3,750 
Extrusion 416° 16,200 15,800 831 
Aluminum cans‘ 13,700 540,000 535,000 19,100 
Other wrought products 381 189,000 189,000 381 
Auto shredder scrap 82 556 536 102 
Total 20,100 " 861,000 857,000 24,100 
Grand total integrated aluminum companies, etc. 29,8007 1,530,000 1,520,000 37,400 
АП scrap consumed: 
New scrap: 
Extrusion 20,000 ' 512,000 512,000 19,600 
Can stock clippings 6,050 281,000 277,000 10,700 
Other wrought sheet and clippings 6,3407 425,000 418,000 13,400 
Casting 1,700 ' 73,500 72,800 2,390 
Borings and turnings 3,590 € 122,000 121,000 4,250 
Dross and skimmings 7,560 ' 646,000 637,000 16,300 
CPU es a ни 45,200" 2,060,000 2,040,000 66,700 
Old scrap: 
lings 9,680" 230,000 234,000 6,280 
Extrusion 4,820 ' 156,000 153,000 8,480 
Aluminum cans‘ 20,700 702,000 696,000 27,100 
Other wrought products 5,490" 375,000 371,000 9,550 
Auto shredder scrap 1,580 € 98,500 98,600 1,470 
—X MAMMA 42,3007 1,560,000 1,550,000 52,800 
Sweated pig 89 356 390 55 
Grand total of all scrap consumed 87,600" 3,620,000 3,590,000 120,000 
See footnotes atendoftable. о о 1000 


у 
„к пража = : 
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TABLE 4—Continued 
U.S. STOCKS, RECEIPTS, AND CONSUMPTION OF PURCHASED NEW AND OLD ALUMINUM SCRAP 


AND SWEATED PIG IN 2011"? 


"Revised. 
‘Includes imported scrap. According to reporting companies, 2.61% of total receipts of aluminum-base scrap, or 98,000 


metric tons, was received on toll arrangements. 
“Data are rounded to no more than three significant digits; may not add to totals shown. 


‘Includes inventory adjustment. 
*Used beverage cans toll treated for primary producers are included in secondary smelter tabulation. 


TABLE 5 
PRODUCTION AND SHIPMENTS OF SECONDARY ALUMINUM ALLOYS BY INDEPENDENT SMELTERS 


IN THE UNITED STATES ! 


(Metric tons) 


gc M DENKE e ыы 
Net Net 
Production shipments? Production shipments? 
D Ur -————————— — ——  — hipe _ 
__13% Si, 360, ete. (0.6% Cu, maximum) — ^ — 31,500 37,100 47,600 46,400 


13% Si, 360, etc. (0.6% Cu, maximum) 
214,000 215,000 242,000 236,000 


380 and variations 
Sand and permanent mold: 


95/5 Al-Si, 356, etc. (0.6% Cu, maximum) 39,100 39,200 51,000 50,000 
—No.I2andvariations — —  — _ ______ 943 943 998 998 
No. 319 and variations 80,600 81,100 68,200 66,100 
E-132 alloy and variations — —— —— — — — — — 9,380 8,880 4,770 5,260 
—Al-Mg alloys O 7,240 7,240 7,830 8.010 
Al-Zn alloys 1,650 1,650 1,530 17 10 
AI-Si alloys (0.6% to 2.0% Cu) 3,190 3,190 3,450 3.500 
Al-Cu alloys (1.5% Si, maximum) 445 445 2,070 | 950 
ALSi-Cu-Ni alloys 6,620 6,620 2,550 3.240 
Other 136 136 = Е 
Wrought alloys, extrusion billets 482,000 € 480,000 ' 511,000 513,000 
Miscellaneous: | 
Steel deoxidation 22,300 
Pure (97.0% А!) W d m 5 


Aluminum-base hardeners W W W W 
BEC PNE QC MMC C C E 
hs et es ны, 38,400 38,700 36,200 43.500 
Total 943,000" 942,000" 1,020,000 1.020,00 


Less consumption of materials other than scrap: 


Primary aluminum 152,000 ' XX 153,000 
Primary silicon 20,800 XX 24,600 ie 
Other 12,700 XX 16,300 _ 
Net metallic recovery from aluminum scrap and sweated XX 
ig consumed in production of secondary aluminum ingot’ 757,000 ' XX 827,000 XX 


'Revised. W Withheld to avoid disclosing company proprietary data; included with "Miscellaneous, other." XX N ot applicabl 
'Data are rounded to no more than three significant digits; may not add to totals shown. PP icable. -- Zero, 


"Includes inventory adjustment. 
"Includes other diecast alloys. 
“Мо allowance made for melt loss of primary aluminum and alloying ingredients. 


ALUMINUM—~2011 


errr sts 


5.15 


ТАВГЕ 6 
DISTRIBUTION OF END-USE SHIPMENTS OF ALUMINUM PRODUCTS 


IN THE UNITED STATES AND CANADA, BY INDUSTRY ' 


2010° 2011? 
Quantity Quantity 

(thousand Percentage (thousand Percentage 
Industry metric tons) of grand total metric tons) of grand total 
Containers and packaging 2,200 23.9 2,160 21.8 
Building and construction 1,030 11.3 997 10.1 
Transportation 2,390 26.0 2,770 28.0 
Electrical 668 7.3 750 7.6 
Consumer durables 547 6.0 559 5.6 
Machinery and equipment 564 6.1 645 6.5 
Other markets 318 3.5 322 3.3 
Total 7,720 84.1 8,210 82.9 
Exports" 1,460 15.9 1,700 17.1 
Grand total 9,180 100.0 9,900 100.0 


"Estimated. "Preliminary. ‘Revised. 
! Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: The Aluminum Association Inc. 


TABLE 7 
U.S. NET SHIPMENTS OF ALUMINUM WROUGHT AND CAST PRODUCTS, 


BY PRODUCERS "2 


(Thousand metric tons) 


2009 2010' 2011P 

Wrought products: 
Sheet, plate, foil 4,050 4,460 4,640 
Pipe, tube, extruded shapes 1,070 1,450 1,410 
Rod, bar, wire, cable 514 741 862 
Forgings (including impacts) 73 89 103 
Powder, flake, paste 45 46 46 
Total 5,750 6,780 7,070 

Castings: 

Sand 160 147 178 
Permanent and semipermanent mold 377 € 475 494 
Die 691 949 1,010 
Other 6 5 9 
Total 1,230 ' 1,580 1,690 
Grand total 6,990 ' 8,360 8,760 


PPreliminary. "Revised. 


| А А . 
Net shipments derived by subtracting the sum of producers’ domestic receipts of each mill 
саре from the domestic industry’s gross shipments of that shape. 
pem are rounded to no more than three significant digits; may not add to totals shown. 
Wrought products data series includes net shipments in both the United States and Canada. 


Source: The Aluminum Association Inc. 
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TABLE 8 
ALUMINUM PRICES 


(Dollars per pound) 


Material 2010 2011 

Primary aluminum, average:! 

U.S. market 2 1.044 1.161 

Гопдоп Мега! Exchange cash price 0.986 1.088 

NASAAC cash price, average” 0.949 1.079 
Secondary alloy, ауегаре:? 

A319 (3% Cu) 1.113 1.233 

A356 (0.2% Cu) 1.167 1,255 

A360 (0.6% Cu) 1.144 1.245 

A380 (3% Zu) 1.055 1.175 

А413 (0.6% Си) 1.144 1.247 
Scrap, average? 

Clean, dry turnings 0.660 0.757 

Mixed low-copper-content clips 0.726 0.819 

Old sheet and castings 0.678 0.767 

Used beverage cans 0.742 0.867 
‘Source: Platts Metals Week. 
*North American Special Aluminum Alloy Contract (NASAAC). 
*Source: American Metal Market. 


TABLE 9 
U.S. EXPORTS OF ALUMINUM, BY CLASS! 


2010 2011 
Quantity Value Quantity Value 
Class (metric tons) (thousands) (metric tons) (thousands) 


Metals and alloys, crude 284,000 $709,000 314,000 $891,000 
Scrap 1,910,000 3,190,000 2,140,000 4,050,000 
Plates, sheets, bars, strip, etc. 786,000 3,230,000 907,000 4,080,000 
Castings and forgings 20,000 250,000 20,900 317,000 
Semifabricated forms, n.e.c. 36,200 269,000 36,100 296,000 

Total — 3,040000 ^ 7,650000 — 3,420,000 3,640000 

Manufactures: 

Foil and leaf 79,600 376,000 122,000 527,000 
Powders and flakes 5,520 31,400 4,660 27,700 


187,000 


Wire and cabie 43,200 163,000 43,900 
Total 128,000 570,000 171,000 741,000 


oup ERR ER —H—M——— 41,000 ^ 741,000 
Grand tota] 3,170,000 8,220,000 3,590,000 — 10,400,000 
'Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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1 
Data аге rounded to no more than three significant digits; may not add to totals shown. 


TABLE 10 
U.S. EXPORTS OF ALUMINUM, BY COUNTRY ! 


2 : | 
Includes castings, forgings, and unclassified semifabricated forms. 


5Less than и unit, 


Source: U.S. Census Bureau. 


A | 
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Metals and alloys, crude Plates, sheets, bars, etc.” Scrap Total 
Quantity Value Quantity Value Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
2010: 
Brazil 1,080 $2,830 14,300 $79,600 4,890 $9,060 20,300 $91,500 
Canada 88,800 217,000 361,000 1,360,000 125,000 233,000 575,000 1,810,000 
China 3,910 8,590 32,600 200,000 1,220,000 2,030,000 1,250,000 2,240,000 
France 1,480 5,180 11,200 80,300 932 1,840 13,600 87,300 
Germany 3,170 8,780 9,680 70,600 498 1,600 13,300 81,000 
Hong Kong 109 311 10,800 47,900 53,000 83,000 63,800 131,000 
Italy 36 261 2,490 28,600 19 66 2,540 28,900 
Japan 1,810 7,430 8,730 106,000 23,800 49,100 34,300 162,000 
_ Kazakhstan — — - -- 6 279 = = 6 279 
Korea, Republic of 454 2,140 15,100 107,000 155,000 230,000 171,000 339,000 
Mexico 174,000 425,000 258,000 1,040,000 153,000 323,000 586,000 1,790,000 
Netherlands 190 629 733 8,680 448 838 1,370 10,200 
Philippines 3 25 336 4,760 -- -- 339 4,780 
Russia 1 8 90 900 - -- 91 908 
Saudi Arabia 9 49 16,800 60,100 9 17 16,900 60,100 
Singapore 726 2,790 2,820 26,700 426 629 3,970 30,100 
South Africa 9 80 346 2,750 -- = 355 2,830 
Taiwan 2,080 5,400 5,960 32,400 107,000 125,000 115,000 163,000 
Thailand 30 214 1,390 13,000 5,070 8,380 6,490 21,600 
Ukraine = m (3) 6 - -- (3) 6 
United Kingdom 639 2,370 9,780 89,000 598 1,260 11,000 92,600 
Venezuela 6 74 547 4,600 -- -- 553 4,670 
Other 5,270 19,600 78,900 393,000 66,700 90,900 151,000 504,000 
ni^ 284,000 709,000 842,000 3,750,000 1,910,000 3,190,000 3,040,000 7,650,000 
Brazil 42 598 8,960 67,700 4,290 9,240 13,300 77,600 
Canada 90,800 251,000 372,000 1,550,000 139,000 313,000 602,000 2,120,000 
China 4,490 12,300 32,800 230,000 1,450,000 2,740,000 1,480,000 2,980,000 
France 1,700 6,900 15,600 116,000 109 400 17,400 124,000 
Germany 4,150 13,400 11,000 81,000 723 1,640 15,900 96,100 
Hong Kong 25 123 3,070 21,300 34,500 61,500 37,600 82,900 
Italy 44 186 3,510 43,200 182 353 3,740 43,800 
Japan 2,190 8,680 16,500 187,000 15,600 35,200 34,400 231,000 
Kazakhstan -- -- 3 60 37 83 40 143 
Korea, Republic of 984 4,540 18,800 132,000 198,000 305,000 218,000 442,000 
Mexico 195,000 544,000 291,000 1,260,000 131,000 299,000 617,000 2,110,000 
Netherlands 145 466 1,100 18,100 826 1,800 2,070 20,400 
Philippines 14 44 289 3,690 -- -- 303 3,740 
Russia 4 10 228 1,320 -- -- 232 1,330 
Saudi Arabia 3 53 50,900 187,000 (3) 6 50,900 187,000 
Singapore 776 2,170 3,890 34,700 501 805 5,160 37,700 
South Africa 39 197 159 2,130 за ʻi | 198 2,330 
Taiwan 2,500 7,910 10,000 56,700 62,900 91,500 75,400 156,000 
Thailand 431 1,060 1,150 14,100 5,840 10,400 7,420 25,500 
Ukraine 2 6 3 43 = = | 5 49 
. United Kingdom __ 2,000 9,070 16,400 135,000 914 1,700 19,300 145,000 
Venezuela 3 11 2,810 13,400 -- ' -- 28 10 13,400 
=a вино 27.900 103,000 529,000 102.000 184,000 214000741000 


TABLE 11 
U.S. IMPORTS FOR CONSUMPTION OF ALUMINUM, BY CLASS ! 


2010 2011 
Quantity Value Quantity Value 
Class (metric tons) (thousands) (metric tons) (thousands) 
Crude and semicrude: 

Metals and alloys, crude 2,650,000 $6,110,000 2,830,000 $7,390,000 

Plates, sheets, Strip, etc., п.е.с.2 666,000 2,270,000 739,000 2,760,000 

Pipes, tubes, etc. 27,500 210,000 26,600 232,000 

Rods and bars 274,000 899,000 114,000 531,000 
Scrap 504,000 763,000 579,000 1,020,000 i 

Total 4,120,000 10,300,000 4,290,000 1 1,900,000 

Manufactures: 
Foil and leaf? 126,000 497,000 138,000 585,000 
Powders and flakes 10,100 45,100 11,500 48,000 
Ec a siccis NN 


"Includes circles, disks, plates, and sheets. 
"Excludes etched capacitor foil. 


Source: U.S. Census Bureau. 
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Metals and alloys, crude Plates, sheets, bars, etc.” Scrap Total 
Quantity Value Quantity Value Quantity Value Quantity Value 

Country (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

2010: 
Argentina 138,000 $288,000 3 $38 -- -- 138,000 $288,000 
Australia 28,400 68,600 119 1,040 103 $141 28,600 69,800 
Bahrain -- Е 16,600 47,400 6 3 16,600 47,400 
Belgium 102 379 2,000 9,820 1 5 2,110 10,200 
Brazil 57,300 131,000 14,200 38,700 282 506 71,800 171,000 
Canada 1,920,000 4,490,000 316,000 1,100,000 343,000 519,000 2,580,000 6,110,000 
China 1,220 3,680 272,000 782,000 77 248 273,000 786,000 
France 1,610 9,740 2,940 25,900 53 392 4,590 36,000 
Germany 970 3,710 68,600 331,000 231 862 69,800 336,000 
Italy 199 427 3,560 24,500 227 169 3,980 25,100 
Japan 901 2,000 7,110 44,800 693 1,520 8,710 48,300 
Korea, Republic of 2,490 6,840 2,240 11,500 143 385 4,880 18,700 
Mexico 24,100 84,000 22,000 110,000 107,000 156,000 153,000 351,000 
Netherlands 390 1,490 1,920 12,900 553 885 2,870 15,300 
Norway 2,100 4,750 80 457 128 223 2,300 5,430 
Panama 502 1,010 14 50 2,320 3,890 2,840 4,950 
Russia 203,000 449,000 14,700 68,800 -- -- 218,000 518,000 
Slovenia — ~ 2,990 13,800 -- -- 2,990 13,800 
South Africa 14,300 29,500 49,000 158,000 -- -- 63,300 187,000 
Spain 235 940 105 997 -- — 340 1,940 
Ukraine -- -- 2 45 40 66 42 111 
United Arab Emirates 81,700 195,000 5 20 71 125 81,800 195,000 
United Kingdom 437 1,940 7,250 32,400 7,890 13,400 15,600 47,700 
Venezuela 123,000 251,000 2,480 5,230 1,940 3,340 127,000 260,000 
Other 41,700 88,700 161,000 566,000 40,100 62,400 243,000 717,000 
et 2,650,000 6,110,000 967,000 3,380,000 504,000 763,000 4,120,000 10,300,000 

2011: 
Argentina 106,000 267,000 14 221 -- -- 106,000 267,000 
Australia 33,700 94,000 72 758 38 72 33,800 94,800 
Bahrain 40 130 19,300 63,400 -- -- 19,300 63,500 
Belgium 340 1,970 1,480 8,910 284 513 2,100 11,400 
Brazil 36,300 90,900 20,300 63,600 74 143 56,700 155,000 
Canada 1,880,000 4,930,000 312,000 1,190,000 357,000 625,000 2,550,000 6,750,000 
China 1,550 5,500 144,000 480,000 121 410 146,000 486,000 
France 4,160 12,900 4,840 42,800 -- -- 9,000 55,700 
Germany 1,370 6,340 80,600 406,000 1,250 2,840 83,200 416,000 
Italy 571 1,230 5,200 37,300 467 434 6,240 39,000 
Japan 628 1,470 7,420 53,100 517 1,330 8,570 55,900 
Kazakhstan 7 186 -- = ЈЕ == 7 186 
Korea, Republic of 8,540 13,700 3,190 18,300 208 312 11,900 32,300 
Mexico 19,800 70,900 29,100 160,000 136,000 235,000 185,000 466,000 
Netherlands 522 2,240 1,170 8,350 446 757 2,140 11,400 
Norway 1,760 4,020 84 1,130 26 108 1,870 5,260 
Panama 886 1,880 = -- 2,780 5,160 3,660 7,030 
Russia 221,000 570,000 13,700 64,300 -- -- 235,000 634,000 
Slovakia -- -- 5 50 -- РЭЙ 5 | 50 
Slovenia | -- -- 3,390 18,000 -- -- 3,390 18,000 
South Africa 14,100 36,600 51,800 192,000 -- = 65.900 228,000 
T - | у: : 2,010 138 959 -- -- 589 2,970 

IStan 

“Ukraine —— EE 1 | - - uM 
United Arab Emirates 242,000 662,000 2 33 1,030 1,920 243.000 664,000 
ео 15,600 35,200 5,250 28,100 9,100 16,700 29,900 30,000 
p. ое 330,000 978 2,670 2,070 4,370 144,000 337,000 
ate ; satan 239,000 176,000 684,000 67,600 126,000 333,000 1,050,000 
Se ‚630, 7,390,000 880,000 3,520,000 579,000 1,020,000 4,290,000 11,900,000 


ТАВГЕ 12 


U.S. IMPORTS FOR CONSUMPTION OF ALUMINUM, ВУ COUNTRY 


1 
Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes circles, disks, pipes, rods, tubes, etc. 


Source: U.S. Census Bureau. 
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TABLE 13 
ALUMINUM, PRIMARY: WORLD PRODUCTION, BY COUNTRY "2 


Australia 1,957 1,974 1,943 1,928 1,945 3 
Azerbaijan 39 40 st а 4 
Ваћгајп 865 872 848 851' 881 3 
Bosnia and Herzegovina‘ 122 123 • 96 118 ° 131 3 
Brazil 1,655 1,661 1,536 1,536 1,440 3 
Cameroon 87 91 73 76 69 3 
Сапада 3,083 3,120 3,030 2,963 2,984 3 
China* 12,600 13,200 12,900 16,200 18,100 
Egypt 258 260 265 266 * 265 
France 428 389 345 356 334 3 
Germany 551 606 292 402 ' 433 3 
Gbaa SS = 2. " 35 
Greece 166 160 130 130 * 132 
Iceland? 398 787 785 780 * 800 
India 1,028 ' 1,402 ' 1,598 ' 1,607 ' 1,667 ? 
Indonesia 242 243 250 252 * 255 
Iran* 216 248 250 270 ' 300 
Italy 183 180 * 17] 168° 168 
Japan’ 57 59° 39° 54° 56 
Kazakhstan S 106 127 227 249 
Montenegro 124 107 64 80 * 80 
Mozambique 564 536 545 557 562 3 
Netherlands 301 301 * 300 300 * 300 
New Zealand 353 316 271 344 357 
Nigeria RS 11 13 21 18 
Norway 1,357 1,358 1,130 1,060 ' 1,070 
Oma —m— — 2: 49 35] 367 375? 
Polan? ~~ 54 48 € -— -- 
Qatar SS B B 10 190 * 390 
Romani? — —— 283 265 201 241 ' 261 ? 
Козја —  — 3,955 4,190 3,815 3,947 3,992 ? 
D — — 160 163 150 163 * 165 
Slovenia — 11! 83 35 40 = 
South Afi ———————— 899 811 809 807 8093 
Spin 408 408 * 360 340 * 365 
^ Що 98 112 70 93 111? 
T — 419 339 359 349 355 
Tukey — 65 65 35 60 60 
UD c -— — 113 113 50 25 7” 
United Arab Emirates 890 948 1,010 1,400 * 1,800 
United Kingdom — 365 326 253 186 213 3 
United States 2,554 2,658 1,727 1,726 1,986 ? 
Venezuela® 610 610 410 335 355 
Total 37,800" 39,700" — 39 пою" am 


‘Estimated, "Revised. -- Zero. 


World totals an 
Primary alumin 


IS given Specifically in the source publication, the definition is provided in this tab 


May 14, 2012. 

3 

Reported figure, 

Primary ingot plus secondary ingot. 


d estimated data are rounded to no 
"The weight of li 


as quid aluminum as 
as that of any metal produced from either returned scrap of remelted 


more than three significant digits; may not add to totals shown. 
tapped from pots, excluding the weight of any alloying materials as well 
terial.” International reporting practices 


(Thousand metric tons) 
Country 2007 2008 2009 2010 2011° 
Argentina 271 394 410 412' 440 
eee 
x D RR 
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TABLE 13—Continued 
ALUMINUM, PRIMARY: WORLD PRODUCTION, BY COUNTRY."” 


“зз aa a == ш ш ыш шш == шо ШШ = ышы ыы —— À—— 


про! and rolling billet production. 

SPrimary ingot. 

Excludes high purity aluminum containing 99.995% or more as follows, in metric tons: 2007—50,777; 2008—52,000; 2009—33,000; 2010— | 
49,000 (revised); and 2011—50,000 (estimated). | 
Ритагу unalloyed ingot plus secondary unalloyed ingot. 

*Primary unalloyed metal plus primary alloyed metal, thus including weight of alloying material. 
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ANTIMONY 
By James Е. Carlin, Jr! 


Domestic survey data and tables were prepared by Ноа Р. Phamdang, statistical assistant, and the world production table 


was prepared by Lisa D. Miller, international data coordinator. 


A single company in the United States, in Montana, produced 
primary antimony metal and antimony oxide by upgrading 
imported antimony trioxide to a higher purity. Secondary 
antimony was recovered in lead alloy from scrapped lead-acid 
batteries at secondary lead smelters. The amount of antimony 
used by battery manufacturers was substantially lower than it 
was 10 years ago because of changing material requirements for 
batteries. 

In 2011, about 34% of the primary antimony used in the 
United States was in flame retardants; most of the rest was used 
by the ceramic, chemical, glass, and transportation industries 
(table 3). Secondary antimony, which was derived almost 
entirely from recycled lead-acid batteries and contained in 
antimonial lead, was used in the manufacture of new batteries. 

Antimony was mined as a principal product or was a 
byproduct of the smelting of base-metal ores in nine countries. 
Nearly all the world’s primary antimony was mined in China 
(84%). Canada (6%), South Africa (3%), and Bolivia (2%) also 
produced antimony (table 9). 


Production 


Mine.—Stockpile Reserves LLC (Lovelock, NV) had no 
production in 2011 from its partially reactivated Fencemaker 
Mine, 80 kilometers (km) southeast of Lovelock. The mine had 
produced a small amount of antimony-in-concentrate in 2007, 
Which was the first domestic antimony mine production since 
2000. The mine had a long history of intermittent antimony 
Production dating back to the 1880s. 

Midas Gold Corp. (Vancouver, British Columbia, Canada) 
reported results from its 2011 drilling program at its Golden 
Meadows Project in Idaho. Its drilling in the Hangar Flats and 
Yellow Pine areas intersected significant gold-silver-antimony 
Mineralization, Antimony was produced from the Yellow Pine 


deposit from the 1930s thr : 
Corp., 201] ). ough the early 1950s (Midas Gold 


ДЫ. попу oxide as а raw material for flame retardants; 
Sodium antimonite for glass and other applications. 


ү» also recycled antimony-containing products that would 
erwise be taken to landfill sites. 


Consumption 
© 102 companies to which a U.S. Geological Survey 


Of th 
anti 
Cons sumption Survey was sent, 65 firms responded. 
iR: lon data were estimated for the remaining 37 firms. 


‘Deceased. 


ANTIMONy... 51, 


Н 


In 2011, consumption (reported and estimated) of primary 
antimony increased by 15% from that in 2010 (table 2). All three 
categories of consumption (metal products, nonmetal products, 
and flame retardants) registered increases. Industry sources 
attributed the increases to higher demand in selected commercial 
sectors (table 3). 

Lead-antimony alloys were used in ammunition, antifriction 
bearings, cable sheaths, corrosion-resistant pumps and pipes, 
roof sheet solder, and tank lining. Antimony trioxide was used 
to enhance the flame-retardant properties of plastics, rubber and 
textiles, and other combustibles. Antimony was also used as 
a decolorizing and refining agent in the manufacture of some 
forms of glass, such as optical glass. 


Prices 


In 2011, the average Platts Metals Week New York dealer 
price of antimony was $6.50 per pound, an increase of 6294 
compared with that in 2010 (table 1). The antimony price started 
the year at $5.50 to $5.70 per pound, finished the first quarter at 
$7.50 to $7.85 per pound, then fluctuated in the $6.15 to $7.85 
per-pound range through the next 3 quarters, and finished the 
year at $6.70 to $7.20 per pound. Industry sources attributed 
the stronger prices to a modest increase in world consumption 
and continued closure of several antimony mines in China that 
constrained supplies. 


Foreign Trade 


U.S. imports of antimony in 2011 were, as has been the case 
in the recent past, much larger than exports—about sixfold 
larger (tables 5—8). Imports of antimony in concentrate, metal, 
and oxide were 23,500 metric tons (t), a decrease of 10% 
compared with that in 2010. China was the leading supplier to 
the United States of antimony metal and antimony oxide 
(tables 7—8). 


World Review 


Australia.—Ancoa NL (Perth, Western Australia), formerly 
known as Resources Pty. Ltd. (Perth) reached an agreement with 
Straits Resources Ltd. (West Perth, Western Australia) to acquire 
the Hillgrove antimony-gold mine (New South Wales) in which 
Straits would receive $21 million in cash and $21 million in 
Ancoa shares. The Hillgrove Mine was inactive, but Ancoa 
planned to have the mine operational by September 2012. Straits 
had acquired the mine in 2005, but produced material for less 
than 1 year before putting the project on a care-and-maintenance 
status in 2009 because of technical problems with the new 
processing plant. Ancoa planned to produce two different 
concentrates, and ultimately produce 4,500 metric tons per year 
of antimony and 778 kilograms per year of gold (Smith, 201 1). 
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Canada.—Portage Minerals Inc. (Toronto, Ontario) signed 
а nonbinding letter of intent with Tri-Star Resources Plc 
(London, United Kingdom) in which Tri-Star would fund $12.5 
million in exploration and development expenditures related 
to the Bald Hill antimony project in New Brunswick, to earn a 
50.1% interest in the project. Portage considered the Bald Hill 
antimony project to be a significant new discovery in the region, 
hosting major antimony deposits similar to the past-producing 
Lake George Mine in New Brunswick, as well as the Beaver 
Brook Mine in Newfoundland (Portage Minerals Inc., 2011). 

China.—Trade reports indicated China’s increasing 
dependence on imported antimony concentrates. Important 
suppliers to China included Australia, Burma, Canada, Russia, 
Tajikistan, and Thailand (Metal-Pages, 2012). 

The Government of China announced a slight reduction in 
export quotas for antimony in 2012 to 59,400 t from 60,000 t in 
2011 (Platts Metals Week, 2012). 

China Minmetals Corp. (Beijing), China’s leading metals 
trader, announced plans to double its profits by 2015 as it 
expands output and speeds up acquisitions of rare-earth and 
minor-metals production facilities. Minmetals completed the 
acquisition of a 5196 stake in Hunan Nonferrous Metals Holding 
Group Co. in 2010. The firm owned China's largest deposits 
of antimony and was China's leading antimony producer 
(Bloomberg News, 2011). 

Inner Mongolia Yulong Mine Co., Ltd. (Chifeng City) 
completed a survey at its Hua'aobao silver-lead-zinc mine and 
discovered antimony in the associated minerals. The antimony 
reserves were estimated to be 155,000 t at a grade of 0.6994 
(China Metal Market—Precious & Minor Metals, 2011). 

Mexico.—USAC announced that its antimony flotation mill 
at San Luis de la Paz in Mexico was in the final phase of testing 
before coming onstream in September. The 150-metric-ton- 
per-day mill was designed to produce a high-grade concentrate 
from the Los Juarez antimony-silver-gold property in Mexico's 
silver belt as well as from ore from other properties. USAC's 
proprietary metallurgical capability to extract precious metals 
from antimony deposits would allow it to recover precious 
metals from its Los Juarez property (The Street.com, 201 1). 

Russia.—GeoProMining Ltd. (Moscow) was the 
second-leading antimony producer in the world outside of 
China, and just behind USAC. GeoProMining produced 6,350 t 
of antimony-in-concentrates from its operations in Yakutia 
during 2011. Much of this concentrate was shipped to Chinese 
smelters (Mining Journal, 2011). 


Outlook 


The use of antimony as an ingredient in flame retardants was 
expected to remain its principal use, in global as well as U.S. 
markets. Antimony recovered from scrap has long been an 
important part of the total antimony supply domestically, but the 
recovery decline during the past 30 or more years was expected 
to continue, though at a more moderate rate. Following the 
advent in the 1970s of low-maintenance and maintenance-free 
automotive batteries, the antimony content of a typical 
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automotive lead-acid battery has declined to about 0.696 or 
lower during 2001 to 2011. 

In recent years, lead-acid battery manufacturers have initiated 
research and development programs that could ultimately lead 
to significant changes in lead-acid battery design. This research 
has already yielded performance improvements that would make 
lead-acid batteries viable options for future generation vehicles. 
The introduction of new lead-acid battery technologies for 
use in the hybrid vehicle market will likely require a different 
amount of lead per battery than conventional lead-acid batteries 
and could eventually reduce or eliminate the use of antimony in 
lead-acid batteries. 
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TABLE | 
SALIENT ANTIMONY STATISTICS! 


(Metric tons of antimony content unless otherwise Specified) 


2007 2008 2009 2010 2011 
United States: 
I pU E E REN ge НИЦИ 


Mine production МА ' 23 ES X EN 
Smelter production: | 
Рптагу W W W W W 


Secondary 3,480 3,180 3,020 3,520 3,230 
Exports: 


Metal, alloys, waste and scrap gross weight 305 366 385 427 581 

Antimony oxide? 1,640 1,830 1,710 2,120 3,590 
Imports for consumption 21,900 29,000 20,200 26,200 23,500 
6,770 8,860 ' 10,200 
1,420 1,560 1,430 
cents per pound 257.3 279.5 235.6 401.2 650.3 


180,000 183,000 " 154,000 175,000 ° 178,000 < 


Reported industrial consumption, primary antimony 
Stocks, primary antimony, all classes, December 3] 1,900 1,490 
Price, average? 


World, mine production 


?New York dealer price for 99.596 to 99.694 metal, cost, insurance, freight U.S. ports. 


TABLE 2 
REPORTED INDUSTRIAL CONSUMPTION OF 
PRIMARY ANTIMONY IN THE UNITED STATES! 


(Metric tons of antimony content) 


Class of material consumed 2010" 2011 
Metal 1,330 1,450 
Oxide 6,940 7,190 
Other” 585 1,580 


Total 8,860 10,200 
"Revised. 


Раја аге rounded to no more than three significant 
digits: may not add to totals shown, 


"Includes residues and sulfide. 
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ТАВТЕ 3 
REPORTED INDUSTRIAL CONSUMPTION OF PRIMARY ANTIMONY IN THE 
UNITED STATES, BY PRODUCT! 


(Metric tons of antimony content) 


Product 2010 2011 
Metal products: 
Antimonial lead W W 
Bearing metal and bearings 26 20 
Solder 34 30 
Other 2,070 € 2,930 
Total 2,130 €" 2,980 
Nonmetal products: 
Ammunition primers W W 
Ceramics and glass W W 
Pigments 399 387 
Plastics W W 
Other’ 3,140 3,330 
Total 3,540 3,720 
Flame retardants: 
Adhesives 213 139 
Plastics 2,610 3,090 
Rubber 36 39 
Textiles 322° 253 
Other" 9 = 
Total 3,190 € 3,520 
Grand total 8,860 ' 10,200 


‘Revised. W Withheld to avoid disclosing company proprietary data; included in “Other.” -- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 

"Includes ammunition, cable covering, castings, sheet and pipe, and type metal. 

*Includes fireworks and rubber products. 

“Includes paper and pigments. 


Note: Secondary antimonial lead production was 3,520 metric tons (t) in 2010 and 3,230 t in 2011. 


TABLE 4 
INDUSTRY STOCKS OF PRIMARY ANTIMONY IN 
THE UNITED STATES, DECEMBER 31! 


(Metric tons of antimony content) 


Type of material 2010 2011 
Metal 124° 182 
Oxide 1,060 839 
Other” 372 408 

Total 1,560 1,430 
"Revised. 


1 
Data are rounded to no more than three significant digits; 
may not add to totals shown. 


2 
Includes ore and concentrate, residues, and sulfide. 
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TABLE 5 
U.S. EXPORTS OF ANTIMONY METAL, ALLOYS, AND WASTE AND SCRAP, 
BY COUNTRY! 
тр wee ОО 
Gross weight Value Gross weight Value 
Country (metric tons) (thousands) ^ (metric tons) (thousands) 
Belgium 38 $434 -- — 
Сапада 103 391 159 $812 
China 3 42 19 82 
Egypt -— -- 9 129 
France 13 366 -- = 
Germany 7 27 3 9 
India 81 249 14 44 
Japan 6 19 19 58 
Korea, Republic of 16 49 48 303 
Mexico 82 372 56 1,160 
Netherlands 2 6 100 601 
Poland 8 25 13 4] 
Taiwan 22 71 21 69 
Trinidad and Tobago 8 47 -- -- 
United Kingdom 34 117 4 83 
Venezuela (2) 4 104 2,030 
Other 4° 15° 12 114 


ИИ. 2 4 
Total 427 2,230 581 5,530 
‘Revised. -- Zero. 


"Рата are rounded to no more than three significant digits; may not add to totals shown. 
"Less than 7» unit. 


Source: U.S. Census Bureau. 
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TABLE 6 
U.S. EXPORTS OF ANTIMONY OXIDE, BY COUNTRY! 


Country 
Australia 
Belgium 
Brazil 
Canada 
Chile 
China 
Colombia 
Costa Rica 
France 
Germany 
Hong Kong 
India 
Indonesia 
Israel 
Italy 
Japan 


Korea, Republic of 


Mexico 
Netherlands 
Peru 
Singapore 
South Africa 
Taiwan 
Thailand 


United Kingdom 


Venezuela 

Other 
Total 

-- Zero. 


Gross weight 
(metric tons) 
20 

16 

20 

238 

56 

132 


538 
14 

10 
2,550 


2010 
Апштопу 
content” 
(metric tons) 
17 
13 
17 
198 
46 
110 
67 


447 
12 

9 
2,120 


Value 
(thousands) 
$55 
114 
118 
1,780 
159 
389 
633 
117 
83 
810 


479 
108 
1,620 
122 

42 
12,000 


Gross weight 
(metric tons) 
66 

11 

24 

228 

81 

123 

376 

181 

30 

316 

19 


425 
175 
17 
4,320 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
? Antimony content is calculated by the U.S. Geological Survey. 


3Less than № unit. 


Source: U.S. Census Bureau. 
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2011 
Antimony 
content” 
(metric tons) 

55 


Value 
(thousands) 
$341 
49 
115 
1,510 
263 
928 
1,380 
495 
112 
2,070 
58 


TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF ANTIMONY, BY CLASS AND COUNTRY! 


2010 2011 
Antimony Antimony 


Gross weight content? Value Gross weight content? Value 
Country (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
Antimony ore and concentrate: 
Bolivia 70 49 $332 | 1 59 


Сапада — -- -- (3) (3) 11 
China 20 20 52 6] 56 381 
Italy 218 112 1,450 340 223 3,680 
Other — -- = 18 8 70 
Total 308 181 1,840 420 288 4,150 
Antimony oxide: 
Belgium 2,240 1,860 16,500 2,100 1,750 24,500 
Bolivia 719 597 5,060 1,270 1,050 15,600 
China 19,100 15,800 107,000 15,600 12,900 139,000 
France 156 130 1,070 37 31 459 
Japan 364 302 2,000 365 303 2,400 
Mexico 1,940 1,610 10,600 1,210 1,010 11,500 
Netherlands 134 111 925 -- -- -- 
Taiwan 236 196 1,150 171 142 1,060 
Thailand — — - 1,170 973 2,340 
Other 26 21 173 (3) (3) 28 
Total 24,900 20,600 144,000 21,900 18,200 197,000 
-- Zero. 


"Рака are rounded to no more than three significant digits; may not add to totals shown. 
Antimony ore and concentrate content reported by the U.S. Census Bureau. Antimony oxide content is calculated by the U.S. 
Geological Survey. 


"Less than И unit. 


Source: U.S. Census Bureau. 


TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF ANTIMONY METAL, BY COUNTRY! 


2010 2011 
Ее а. 


Quantity Value Quantity Value 

Country (metric tons) (thousands) (metric tons) (thousands) 
Australia 194 5891 -- = 
Belgium — -- 94 $655 
Bolivia 18 90 67 794 
China 4,530 35,600 3,620 47,800 
Hong Kong 19 202 57 811 
India 43 413 607 8,120 
Japan 56 163 97 341 
Mexico 363 495 309 686 
Netherlands = -- 40 595 
United Kingdom 50 424 142 596 
Vietnam 79 633 -- 


Other 4 158 4 310 


E а PN EE MN. EN 
Total 5,360 39,100 5,040 60,700 
-- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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ТАВГЕ 9 
ANTIMONY: WORLD MINE PRODUCTION, BY COUNTRY"? 


(Metric tons, antimony content unless otherwise specified) 


Country? 2007 
Australia* “ 1,010 
Bolivia 3,881 
Сапада“ 193 
China* 163,000 
Guatemala 1,000 * 
Kyrgyzstan“ 10 
Peru, refined? 590 
Russia, recoverable" 3,500 
South А са“ 3,354 
Tajikistan? 2,000 
Turkey 1,200 
United States NA 
Total 180,000 


*Estimated. 'Revised. NA Not available. -- Zero. 


World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


Table includes data available through May 1, 2012. 


| 
?[n addition to the countries listed, antimony may have been produced in Iran, but information is inadequate to estimate output. | 
4 antimony content of antimony ore and concentrate, lead concentrates, and lead-zinc concentrates. 


5 Reported figure. 
$ Antimony content of concentrate. 
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2008 
1,500 
3,905 
132 
166,000 
10 
531 
3,500 
3,983 ' 
2,000 
1,300 


Ее 


183,000 * 


2009 2010 2011“ | 
1,000 1,000 1,100 | 
2,990 4,980 3,947 ° 

66 9,000 7“ 10,000 
140,000 150,000 150,000 
-- = = n 
10 10 10 Ў 
530 B e: i 
3,500 3,000 3,300 
2,673 ' 3,700 "< 4,700 t 
2,000 2,000 2,000 | 
1,200 1,500 3,000 y 
-- -- -— ђ 
154,000 175,000 ' 178,000 — у 
| 
i 
| 
R 
| 
| 
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ARSENIC 
By George M. Bedinger 


Domestic tables were prepared by Samir Hakim, statistical assistant, and the world production table was prepared by 


Lisa D. Miller, international data coordinator. 


In 2011, the United States produced no arsenic and relied 
mainly on Morocco and China, the leading and second ranked 
import sources, respectively, for arsenic trioxide and on China 
for arsenic metal. There has been no domestic production of 


arsenic trioxide nor commercial-grade arsenic metal since 1985 


following the closure of the ASARCO Incorporated copper 
smelter in Tacoma, WA. Arsenic trioxide was used mostly 
for the production of chromated Copper arsenate (CCA), a 
pesticide and preservative used to pressure treat some wood 


products, and for production of agricultural chemicals; however, 


In 2001, the EPA announced an initiative for research and 
development of Cost-effective technologies to help small 
community water systems (<10,000 customers) meet the 2001 
standards, provide technical assistance, and reduce compliance 
Costs. Between July 2003 and July 2011, the EPA conducted 


Cost data associated with the 50 systems to include capital 
investment costs, site engineering, installation, and Operation 
and maintenance (O&M) costs. The study found that capital 
investment costs for smaller AM, IR, and CF systems, with 


costs. Based оп average weekly labor hours reported, the 
‚ Systems required the least amount of time to operate and 


ж МАТ 5 was designed to Teduce emissions of heavy metals 
Cluding arsenic, chromium, m 


Including hydrochloric acid and hydrofluoric acid. The EPA 
ARSENIC... 2014 


S 


E, or IX Systems, owing mainly to media replacement 


estimated that about 1,400 domestic coal- and oil-fired units would 
be affected. Existing plants have up to 4 years to comply with 
MATS (U.S. Environmental Protection Agency, 2011b). 


Environmental and Human Health Issues 


Arsenic is a naturally occurring element that may be present 
in drinking water as a result of weathering of arsenic-containing 
minerals exposed by natural processes or released by mining 
and smelting; as runoff from arsenic-containing pesticides used 
in orchards; in wastewater runoff from glass and electronics 
production; as arsenic released from coal-fired powerplants or 
underground coal fires; or from volcanic eruptions. In humans, 
some of the noncancerous effects of arsenic exposure include 
blindness, diarrhea, discoloration and thickening of the skin, 
nausea, stomach pain, and vomiting. Prolonged arsenic exposure 
has been linked to cancer of the bladder, kidney, liver, lungs, and 
prostate (Agency for Toxic Substances and Disease Registry, 
2007, p. 1-30). 

In December, the U.S. Food and Drug Administration (FDA) 
announced the results of the latest data collection of arsenic in 
apple juice. Analysis of 94 samples indicated that 95% of the 
samples tested below 10 ррб arsenic for total arsenic, and 100% 
below 10 ppb for inorganic arsenic, the carcinogenic form of 
arsenic. The FDA may set new guidance or a maximum level 
of arsenic concentrations for arsenic in apple juice and juice 
products in 2012 (U.S. Food and Drug Administration, 201 1). 

Researchers at the U.S. Geological Survey (USGS) released 
several studies regarding arsenic in groundwater. U.S. 
Geological Survey Scientific Investigations Report 2011—5013 
assessed the concentration ranges of arsenic and uranium in 
bedrock wells with reference to the arsenic drinking water 
Standard of 10 ppb that became effective in 2001. Data from 
478 randomly selected wells indicated that 13% of the wells 
contained water with concentrations of arsenic greater than the 
standard (Colman, 2011, p. 1). 

USGS Scientific Investigations Report 2011—5059 outlined 
a comprehensive analysis of data collected from monitoring 
drinking-water wells as part of the USGS National Water-Quality 
Assessment Program (NWQA). The study assessed arsenic 
Occurrence and compared concentrations to human-health 
benchmarks for 24 trace elements, including arsenic. Seven percent 
of 5,097 wells tested exceeded the drinking water standard of 10 
ppb for arsenic. The study also found that concentrations of arsenic 
Were greater in drier regions and agricultural settings (Ayotte and 
others, 2011, p. 1). 

Molycorp Inc. (Greenwood Vi llage, CO) launched a 
proprietary rare-earth-based treatment technology in late 2010 
that was effective at removing heavy metals such as arsenic, 
chromium, lead, mercury, and selenium from water Molycorp 
identified four market areas for applications—municipal and 
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industrial wastewater, recreational pools and spas, municipal 
drinking water, and consumer water purification (Molycorp Inc., 
2012). 

Researchers at Monmouth University (West Long Branch, 
NJ) devised a simple and inexpensive method to extract arsenic 
from drinking water. The process used pieces of plastic from 
used beverage bottles that were coated with cysteine, an amino 
acid. When placed in the water to be treated and circulated, the 
arsenic binds to the cysteine. Removing the cysteine-treated 
plastic after treatment resulted in water that met potable water 
standards for arsenic. Laboratory tests on water samples that 
originally contained 20 ppb arsenic produced water with 0.2 ppb 
arsenic or less (American Chemical Society, 2011). 


Consumption 


Apparent domestic consumption for arsenic, based on net 
imports, was about 4,910 metric tons (t) in 2011, a slight 
increase from 4,820 t in 2010. The estimated value of arsenic 
compounds and metal consumed domestically in 2011 was 
approximately $5.4 million. 

In June 2011, the U.S. Consumer Product Safety Commission, 
the U.S. Department of Agriculture, and the EPA published an 
interagency consumer awareness brochure for outdoor wooden 
structures that addressed how to determjne whether a structure 
had been treated with CCA, the precautions necessary in using 
and maintaining treated wood, and proper disposal techniques. 
The residential use ban of CCA-treated wood at yearend 2003 
did not require the removal of CCA-wood structures nor did 
it address the potential exposure to residues from existing 
structures (U.S. Consumer Product Safety Commission, 2011). 

Domestic consumers of arsenic trioxide to produce CCA were 
Arch Chemicals, Inc., Norwalk, CT; Osmose Wood Preserving, 
Inc., Buffalo, NY; and Viance LLC, Charlotte, NC. 

Arsenic metal was used, along with antimony, to harden 
ammunition, in solders, and in other applications. Grids and 
posts in lead-acid storage batteries are strengthened by the 
addition of arsenic metal. Arsenic is one of several metals used 
as an antifriction additive in babbitt metals (alloys that are used 
for bearings). 

High-purity (99.9999%) arsenic metal was used to produce 
gallium-arsenide (GaAs), indium-arsenide (InAs), and 
indium-gallium-arsenide semiconductors that were widely used 
in computer, biomedical, communications, electronics, and 
photovoltaic applications. Arsenic may be used for 
germanium-arsenide-selenide or GaAs specialty optical 
materials. | 

The GaAs semiconductor market increased by 6% in 2011, а 
significant decrease from the 35% market growth in 2010. The 
decrease was attributed to weak demand for cellular telephones 
and wireless internet devices. In 2003, a standard cellular 
telephone typically contained less than 1 milligram of arsenic, 
contained in a single GaAs power amplifier. The adoption of 
sophisticated third-generation (3G) and fourth-generation (4G) 
smartphone handsets accelerated demand for GaAs power 
amplifiers. Fourth-generation smartphones use up to six times 
the amount of GaAs that a standard cellular telephone does 
| (International Precious Metal Institute, 2003; Higham, 2012). 
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Prices 


There was little change in the overall arsenic market and sales 
were low throughout 2011. According to U.S. Census Bureau 
data, prices of arsenic trioxide ranged between $0.42 and 
$0.51 per kilogram in 2011. Prices for 99%-pure arsenic metal 
in 2011 ranged from $1,440 to $1,550 per metric ton in January, 
increasing slightly to a range of $1,550 to $1,770 per ton by 
February, then decreased to a range of $1,550 to $1,720 per ton 
in August where they remained to yearend (Metal-Pages, 2012). 


Foreign Trade 


In 2011, domestic imports of arsenic compounds were 
4,990 t contained arsenic, an overall increase of approximately 
1096 compared with the 4,530 t imported in 2010. Arsenic 
trioxide contains about 76% arsenic. In 2011, Morocco was the 
source of 7196 of the arsenic trioxide imported into the United 
States, China was the source of 1696, and Belgium was the 
source of 12%. 

In 2011, the United States imported 628 t of arsenic metal, 
an 18% decrease compared with the 769 t of arsenic metal 
imported in 2010. China was the leading source of arsenic metal 
in 2011 and provided 611 t of arsenic metal, or 9776. 

Exports of arsenic metal from the United States in 2011 
increased to 705 t from 481 t in 2010. Export destinations 
included Honduras (45%), France (31%), Guatemala (12%), 
and Colombia (8%). In the Harmonized Tariff Schedule (HTS), 
exported materials are classified only by HTS number and may 
or may not be inspected so as to confirm the contents of the 
shipping container. This may have resulted in misclassification 
of exported material, and therefore, actual exports of arsenic 
metal may be less than that reported. The exports may also 
include arsenic-containing electronic waste such as computers 
and other electronics destined for reclamation and recycling. 

In June, the EPA hosted a workshop with the Materials 
Systems Laboratory (MSL) of the Massachusetts Institute 
of Technology (Cambridge, MA) and the National Center 
for Electronics Recycling (Parkersburg, WV) to improve 
information flows on e-waste exported from the United 
States and on the global movement of used electronics. Used 
electronics were frequently shipped from the United States to 
developing countries that lack the capability to appropriately 
handle the material and where they may be taken apart by 
hand to obtain valuable materials such as copper, silver, and 
gold. In the process, workers may be exposed to high levels 
of contaminants such as arsenic, cadmium, lead, and mercury. 
The workshop brought together stakeholders from academia 
and industry, government agencies, and international and 
nonprofit organizations to address the challenges associated with 
collecting data on used electronics transboundary movements. 
Participants in the workshop identified approaches useful in 
characterizing electronic waste exports from a qualitative and 
quantitative perspective. The summary report of the workshop 
was released in January 2012 (U.S. Environmental Protection 
Agency, 2011a; Miller and others, 2012, p. 88). 
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World Review 


In 2011, commercial-grade arsenic trioxide was thought to have 
been recovered from processing of nonferrous ores or concentrates 
in nine countries. Reduction of arsenic trioxide to arsenic metal 
accounted for all world output of commercial-grade (99%-pure) 
arsenic metal, Arsenic-containing residues and smelter dusts 
recovered from nonferrous metals plants in several countries may 
not have been processed to recover commercial-grade arsenic 
trioxide in 2011 and may have been stockpiled for future treatment. 
Production data for most countries were estimated. 


minerals of arsenic (Peters and others, 2002, p. 182). 
In April, BacTech Environmental Corp. (Toronto, Ontario, 


References Citeg 


A | 
Бепсу for Toxic Substances and Disease Registry, 2007, Toxicological profile 


or arsenic, August. (Accessed April 11 А 
ToxProfiles/tp2 pdf ) Pri! 11, 2012, at http://www.atsdr.cde.gov/ 


erican Chemical Society, 201 ], *Plastic bo 
ASeDIc-contamingted water threatening 100 milli 


&node_id=222&content_ 


e-See=true&sec_url_var=region 1& uuid=d1d5f86e- 
| 391clec04ade E 


Ayotte, J.D., Gronberg, J.M., and Apodaca, L.E., 20] 1, Trace elements and radon in 
groundwater across the United States, 1992-2003: U.S. Geological Survey Scientific 
Investigations Report 201 15059, 115 р. (Accessed May 29, 2012, at http:// 
pubs.usgs.gov/sir/2011/5 059/pdf/sir201 1-5059 report-covers 

BacTech Environmental Corp., 2011, Report to shareholders for the three month period 
ended March 3 l, 2011: Toronto, Ontario, Canada, BacTech Environmental Corp., 

June 30, 29 p. (Accessed April 13, 2012, at http://www. bactechgreen.com/i/pdf/ 
reportToShareholdersMarch3 1 2011.pdf.) 

Colman, J.A., 2011, Arsenic and uranium i water from private wells completed in bedrock 
Of east-central Massachusetts-— Concentrations, correlations with bedrock units, and 
estimated probability maps: U.S. Geological Survey Scientific Investigations Report 
2011—5013, 113 P. (Accessed May 29, 2012, at http:// 
pubs.usgs.gov/sir/201 1/5013/pdf/sir201 1-5013.pdf.) 

Higham, Eric, 20 12, 2011 GaAs device revenue falters after strong start: Strategy Analytics, 
February 6. (Accessed May 2, 2012, at http //wwrw.strategyanalytics.com/default.aspx?m 
od=reportabstractviewer&a0=7080.) 

International Precious Metals Institute, 2003, Environmentally sound management—Used 
mobile telephones: Pensacola, FL, International Precious Metals Institute, 

July 14, 15 P. (Accessed April 17, 2012, at http///ipmi.org/pdf/IPMI Guidance Used. 
Mobile Phones.pd£) 

Metal-Pages, 2012, Metal prices, chart center: Metal-Pages, May 3. (Accessed 
May 3, 2012, via http://www.metal-pages.com/,) 

Miller, T. Reed, Gregory, Jeremy, Duan, Huabo, and Kirchain, Randolph, 

2012, Characterizing transboundary flows of used electronics, summary 

report: Massachusetts Institute of Technology Materials Systems Laboratory, 

January. (Accessed April 4, 2012, at http://msl.mit.edu/publications/ 

Yeon In ae ansboundaryFlowsofUsedEletronics WorkshopSummaryReporti-2012 pdf 

Molycorp Inc., 2012, The revolutionary potential of XSORBX™ for Molycorp: Elementally 
Green Blog, January 3. (Accessed April 13, 2012, at http/www.molycorp.com/News/ 

+ ementallyGreenBlog/ElementallyGreenBlogArticle/tabid/795/Aniory 193/ 
The-Revolutionary-Potential-OfXSORBX-for- Molycorp aspx) 

Peters, S.G., Jiazhan, Huang, and Chenggui, Jing, 2002, Geology and geochemistry 
of sedimentary-rock-hosted Au deposits of the Qinling fold belt (Chuan-Shan-Gan) 
area, Shaanxi, Sichuan, and Gansu Provinces, Р.В. China, chap. 4 of Peters, S.G., ed., 
Geology, geochemistry, and geophysics of sedimentary rock-hosted gold deposits in PR. 

China: U.S. Geological Survey Open-File Report 02—13 l, p. 168—254. 


Structures: U.S. Consumer Product Safety Commission CSPC Publication 270, 
June, 2 p. (Accessed April 11, 2012, at http://www.cpsc. gov/epscpub/pubs/270.pdf.) 


index.html.) 
U.S. Environmental Protection Agency, 2011b, EPA issues first national standards for 
mercury pollution from power plants/historic "mercury and air toxics standards’ meet 


yosemite.epa. gov/opa/admpress.nsf/1e5ab] 124055f3b28525781 f0042ed40/bd8b3f37edf 
3716d8525796d005dd086!OpenDocument.) 


Wang, Lili, and Chen, Abraham S.C., 2011, Costs of arsenic removal technologies for small 
water systems—U.S. EPA arsenic removal technology demonstration program: U.S. 
Environmental Protection Agency, EPS/600/R—11/090, September, 92 p. (Accessed 
April 3, 2012, at http://epa.gov/nrmrl/wswrd/dw/arsenic/index.html.) 


GENERAL SOURCES OF INFORMATION 
U.S. Geological Survey Publications 


Arsenic. Ch. in Metal Prices in the United States Through 1998, 1999. 

Arsenic. Ch. in Mineral Commodity Summaries, annual. 

Arsenic. Ch. in United States Mineral Resources, Professional Paper 820, 
1973. 

Gallium. Ch. in Minerals Yearbook, annual. 

Historical Statistics for Mineral and Material Commodities in the United 
States, Data Series 140. 


7.3 


Other 


American Wood Protection Association. 

Arsenic. Ch. in Mineral Facts and Problems, U.S. Bureau of 
Mines Bulletin 675, 1985. 

Arsenic (8th ed.). Roskill Information Services Ltd., 1992. 


Arsenic and Old Waste, A Report of the U.S. Interagency 
Working Group on Industrial Ecology, Material and Energy 
Flows. U.S. Environmental Protection Agency, 1998. 

Gallium and Gallium Arsenide—Supply, Technology, and Uses. 
U.S. Bureau of Mines Information Circular 9208, 1988. 

Materials Flow of Arsenic in the United States. U.S. Bureau of 
Mines Information Circular 9382, 1994. 


TABLE | 
ARSENIC SUPPLY-DEMAND RELATIONSHIPS 


(Metric tons of arsenic content) 


LI oo сс, _ шшс L Hs LIU а CO 


2007 2008 2009 2010 2011 
U.S. supply, imports: 
Metal 759 376 438 769 628 
Compounds 7,010 4,810 4,660 4,530 4,990 
Total 7,770 5,180 5,100 5,300 5,620 
Distribution of U.S. supply: 
Exports” 2,490 1,050 354 481 705 
Apparent consumption 5,280 4,130 4,740 4,820 4,910 
Гаја are rounded to no more than three significant digits; may not add to totals shown. 
?Metal only. 
TABLE 2 
U.S. IMPORTS FOR CONSUMPTION OF ARSENIC PRODUCTS' 
__________________________---===== == 
2010 2011 
Quantity Value Quantity Value 
Class and country (metric tons) (thousands) (metric tons) (thousands) 
Arsenic trioxide: 
Belgium 973 $603 794 $458 
China 1,260 561 1,080 486 
Germany 4 29 (2) 3 
Japan = -- (2) 4 
Могоссо 3,690 1,640 4,690 2,290 
Тога! 5,920 2,830 6,570 3,240 
Arsenic acid: 
Indonesia 20 8 -- -- 
Japan (2) 3 4 26 
Taiwan 40 32 20 17 
Total 60 43 24 42 
Arsenic sulfide, Russia 13 35 2 28 
Arsenic metal: 
China 639 1,020 611 999 
Finland -- -- (2) 10 
Germany 1 297 2 407 
; Japan 125 1,100 15 697 
| Korea, Republic of 4 11 == ae 
United Kingdom (2) 7 (2) 17 
Total 769 2,440 628 2,130 
-- Zero. 


Граја are rounded to no more than three significant digits; may not add to totals shown. 


?Less than 4 unit. 


Source: U.S. Census Bureau. 
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TABLE 3 
ARSENIC TRIOXIDE: ESTIMATED WORLD PRODUCTION, BY COUNTRY" 23 


(Metric tons) 


Country* 2007 2008 2009 2010 2011 
Belgium 1,000 1,000 1,000 1,000 1,000 
Bolivia? -- 74 115 155 150 
А 


Chile 11,400 10,000 11,000 11,000 10,000 
Vui ML C D ere 


China 25,000 25,000 25,000 25,000 25,000 
Кап 100 100 100 100 100 
Јарап 40 40 40 40 40 


Kazakhstan — 15 — 5$ aut at E 
P MN OO 


Mexico 1,600 513 500 -- — 
Ин ы шы у... 


Могоссо 8,950 > 8,800 8,500 8,000 8,000 
"ave mop SEDE 


Peru® 4,321 5 4,822 5 301 ' = = 
Portugal 15 15 15 15 
woe OO 


?World totals and estimated data have been rounded to по more than three significant digits; may not add to totals shown. 
*Table includes data available through March 28, 2012. 
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ASBESTOS 
By Robert L. Virta 


Domestic survey tables were prepared by Richard H. Kraft, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


Asbestos has not been mined in the United States since 2002, 
and imports satisfied the needs of domestic consumers. U.S. 
apparent consumption was 1,180 metric tons (t) in 2011, an 
Increase from 1,040 t in 2010. World production was 2.03 million 
metric tons (Mt) in 201 1, almost unchanged from 2.04 Mt in 
2010. 


Legislation and Government Programs 


The U.S. Geological Survey issued a map detailing reported 
historic asbestos niines, historic asbestos prospects, and natural 


map and dataset contain location, mineralogy, geology, and 
references to asbestos sites in California (Van Gosen and 
Clinkenbeard, 201 1). 


In April, the National Institute of Occupational Safety and 
Health (NIOSH) issued a revision to its Strategic plan for 


Institute for Occupational Safety and Health, 2011, p. Ух). 


Consumption 


US. apparent consumption of asbestos was calculated to be 
1,180 t in 2011, а 13% increase from 1,040 t in 2010 (table 1). 


diaphragms for the chloralkali industry, 28%; coating and 
compounds, 2%; Plastics, less than 1%; and other uses, 29%. 


in 2011, 49% of Which was grade 7, 16% was grade 5 
° Was grade 4, and 23% was unspecified (table 2). 


Prices 


2 


е вуса ftee alongside ship (£a s.) unit value of 
на rdi: asbestos fiber exports was $1.230 per metric 
S. cust » ап increase from $708 per ton in 2010. The average 
Stoms unit value for all grades of imported asbestos 


The average unit value for imports of milled, grade 4 chrysotile 
declined to $1,620 per ton in 2011 from $1,860 per ton in 2010 
because of lower valued imports from Brazil and Canada. 


Foreign Trade 


The following section summarizes significant trade Statistics 
on asbestos and products manufactured using asbestos. Detailed 


Commission, undated). 

In 2011, U.S. exports of asbestos fiber were 169 t with an 
f.a.s. value of $207,000, a decrease in tonnage from 171 t 
valued at $121,000 in 2010 but a significant increase in value 
(tables 3, 4). Asbestos was exported to Mexico, Canada, Taiwan, 
the Dominican Republic, and Peru, in decreasing order by 
quantity. Asbestos has not been produced in the United States 
since 2002; thus, reported exports probably consisted of reexports 
of imported fiber or improperly classified products. The United 
States exported and reexported $27 million of asbestos products 
in 2011, unchanged from that of 2010. The United Kingdom was 
the leading destination for asbestos products, followed by the 
Republic of Korea, Mexico, and Canada. These four countries 
accounted for 52% of the value of asbestos products exported and 
reexpotted from the United States in 2011 (table 3). The United 
Kingdom banned the use of asbestos in 1999, so imports from the 
United States probably were reexported from the United Kingdom 
or other products were misclassified as asbestos products. The 
same applies to several other countries listed in table 3 that have 
banned the use of asbestos or asbestos products. 

Friction products, including brake linings, clutch linings, 
and disk pads, accounted for 44% of the value of manufactured 
products exported in 2011 (table 4). Because no asbestos brake 
components under Harmonized Tariff Schedule of the United 
States (HTS) code 6813.20 or asbestos-cement products under 
HTS code 6811.40 were manufactured in the United States, 
Shipments under these two HTS code categories probably 
represented reexports of asbestos products and (or) exports of 
products incorrectly classified under these HTS codes. 

In 2011, the United States imported 1,180 t of asbestos valued 
at $1,100,000. Imports were from Canada (77% of the tonnage), 
Brazil (22%), and South Africa (1%) (table 5). The U.S. Census 
Bureau indicated that some amosite was imported in 2011. This 
was likely to have been chrysotile because the asbestos was 
imported from Canada and amosite mining ended in 1992 with 
the closure of the South African amosite mines. Based on the 
import source, asbestos listed under “other, unspecified asbestos 


type” in table 5 probably was chrysotile. 
"m 


8.1 


The United States also imported $5.66 million of products 
with a basis of asbestos and products with a basis of asbestos 
and magnesium carbonate, a decrease from $5.78 million in 
2010. Some nonasbestos products probably are included under 
the asbestos HTS codes based on reported asbestos imports from 
countries that have banned asbestos use (table 6). 


World Review 


World production of asbestos was estimated to be 2.03 Mt in 
2011, almost unchanged from 2.04 Mt in 2010: It was estimated 
that Russia was the leading producer of asbestos, followed by 
China, Brazil, Kazakhstan, and Canada. These five countries 
accounted for 99% of the world production (table 7). 

Canada.—F or the first time in more than 130 years, asbestos 
was not mined in Canada although production may resume if 
conditions change. LAB Chrysotile (through its subsidiary Lac 
d’amiante du Canada) indefinitely idled its chrysotile mine in 
Thetford Mines, Quebec. In addition to labor issues, a rock slide 
prevented access to some of its high-grade ore. In January 2012, 
LAB Chrysotile filed for bankruptcy. The Jeffrey Mine stopped 
production while waiting for funding to further develop its 
underground mine. The companies continued to sell chrysotile 
fiber from inventory (Canadian Broadcasting Corp., 2011; 2012; 
Canadian Mining Journal, 2011). 

Zimbabwe.—Zimbabwe Mining Development Corp. (ZMDC) 
announced that it planned to reopen the Mashava and Shabanie 
chrysotile mines. The mines were closed in 2008 for financial 
reasons. ZMDC planned on reactivating the mine in stages 
(Zimbabwean, The, 2011). 


Outlook 


Although U.S. imports increased in 2011, U.S. consumption 
likely remained unchanged compared with that in 2010. Some 
imports probably were placed into stocks for future use based on 
industry trends that show no growth in markets. U.S. asbestos 
consumption is likely to decline over time as the few remaining 
consuming industries slowly replace older asbestos-based 
technology or phase out its use. World production remained 
nearly 2 Mt because of continued demand for asbestos products 
in many regions of the world. 
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TABLE 1 


SALIENT ASBESTOS STATISTICS! 
2007 2008 2009 2010 2011 
United States: 


Exports and reexports:! 
uanti metric tons 815 368 59 171 169 


Unmanufactured, value? thousands $421 $345 $69 $121 $207 

Asbestos products, value^? do. $29,200 $33,200 $24,500 $27,000 $27,000 
Imports for consumption, unmanufactured: 

Quantity | metric tons 1,730 1,460 869 1,040 1,180 

Value* | thousands $819 $1,090 $684 $821 $1,100 
Consumption, apparent? metric tons 1,730 1,460 869 1,040 1,180 


World, production do. 2,250,000 2,110,000 2,130,000 2,040,000 * 2,030,000 

‘Revised. do. Ditto. 

"Data are rounded to no more than three significant digits. 

"May include reexports and nonasbestos material. 

?Free alongside Ship value; includes exports of crudes, fibers, Stucco, sand, and refuse. 
S. customs declared value. 

*Consumption assumed to equal imports. 


TABLE 2 
U.S. ASBESTOS CONSUMPTION BY END USE, GRADE, AND ТУРЕ"? 


(Metric tons) 


Chrysotile 
Unspecified 
End use Grade4 _ Огаде5 Grade 7 grade Total 

2010 157 208 666 13 1,040 
2011: 

Coatings and compounds? Е = 19 $ 19 

Chioralkali industry 140 190 -~ – 330 

Plastics ie eis 5 22 5 

Roofing products -- -- 486 -- 486 

Other = — 63 275 338 

Total 140 190 573 275 1,180 


— Сего. 

"Папа are rounded to no more than three significant digits; may not add to totals shown. 

"Estimated distribution based upon data provided by the Chrysotile Institute, Montreal, Quebec, Canada. 
"Most of the asbestos reported under "Coating and compounds" probably was used in roofing products. 
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ТАВТЕ 3 
VALUE OF U.S. EXPORTS AND REEXPORTS OF ASBESTOS FIBERS AND ASBESTOS-BASED PRODUCTS"? 


(Thousand dollars) 
2010 2011 
Unmanufactured Manufactured Unmanufactured Manufactured 
Country fiber“ products Total fiber" products Total 

Australia - 203 203 -— 73 73 
Brazil -- 58 58 -— 17 17 
Canada — 5,460 5,460 — 1,820 1,820 
China -- 1,210 1,210 — 644 644 
Етапсе -- 49 49 — 734 734 
Germany - 242 242 — 368 368 
Italy – 253 253 -- 317 317 
Јарап -- 175 175 — 211 211 
Korea, Republic of -- 1,600 1,600 -- 3,300 3,300 
Mexico 83 3,880 3,970 104 2,450 2,550 
Netherlands -— 5 5 - 15 15 
United Kingdom ~ 5,100 5,100 -- 6,530 6,530 
Venezuéla -- 119 119 — 351 351 
Other 38 8,620 8,660 103 10,200 10,300 

Total 121 27,000 27,100 207 27,000 27,200 


—- Zero. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 

*Free alongside ship value. 

Data may include some nonasbestos products based on destination countries that have banned the use of asbestos. 
^Includes exports of crudes, fibers, stucco, sand, and refuse. May also include nonasbestos materials. 


Source: U.S. Census Bureau. 


TABLE 4 
U.S. EXPORTS AND REEXPORTS OF ASBESTOS AND ASBESTOS-BASED PRODUCTS' 


2010 2011 
Quantity Value” Quantity Value? 
(metric tons) (thousands) (metric tons) (thousands) 
Unmanufactured, asbestos? 171 $121 169 $207 
Manufactured: 

Cement products“ NA 236 NA 157 

Friction products” NA 15,000 NA 11,900 

Gaskets, packing and seals NA 1,510 NA 3,190 

Paper and millboard NA 50 NA 85 

Other articles® NA 10,200 NA 11,700 

Total NA 27,000 NA 27,000 
NA Not available. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 

?Free alongside ship value. 

3Includes crudes, fibers, stucco, sand, and refuse. May also include nonasbestos materials. 

*May include reexports and also cellulose fiber panel, sheet, tile, and tube cement products because 
asbestos-cement products are not manufactured in the United States. 


Мау include some nonasbestos brake and clutch shipments. 
$May also include some nonasbestos materials. 


Source: U.S. Census Bureau. 
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ТАВГЕ 5 
U.S. IMPORTS FOR CONSUMPTION OF ASBESTOS FIBERS, BY TYPE AND ORIGIN' 


Canada Brazil South Africa Total 
Quantity Value” Quantity Value Quantity Value” Quantity Value” 
Type (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
2010: 
Chrysotile: 
Crude 234 $204 - -- -- -- 234 5204 
Milled, grade 4 177 307 13 $46 ~~ -- 190 353 
All other 374 145 -- -- -- — 374 145 
Other, unspecified asbestos type 246 119 -- -- -- -- 246 119 
Тога] 1,030 775 13 _ 46 ~ = 1,040 821 
2011: 
Amosite’ 40 33 E = = = 40 33 
Chrysotile: 
Crude 142 125 -- Е = ~ 142 125 
Milled, grade 4 49 60 263 446 -- -- 312 507 
All other 613 408 -- = -- -- 613 408 
18 ms == 12 56 71 24 


Other, unspecified asbestos type 59 
MM и П 24 
Total 903 644 263 446 12 6 1,180 1,100 
-- Zero. 


Раја are rounded to no more than three significant digits; may not add to totals shown. 


20.8. customs declared value. 
ЗАП imported from Canada; likely chrysotile misclassified as amosite. 


Source: U.S. Census Bureau. 


TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF PRODUCTS WITH BASIS OF ASBESTOS IN 2011 


АНАНАН Ее о „з: 
Quantity Percentage of 
3 


HTS! code Category (metric tons) Value? Major sources category total’ 
2524.00.00.00 Asbestos 1,180 — $1,100,000 Canada, Brazil 9896 of weight. 


6811.40.00.00 __ Asbestos-cement products 4,700 364,000 _ Canada 9996 of weight. 
] 6,380 China 10096 of weight. 


802991001 — Ове, ЕДИНО ва ne 
612990002 Yamandthrea? 5 431000 Меко 0% of weigh — 
681299.0003  Codanisun 4 — 29400 Ут oono 
6812.99.00.04 Woven or knitted fabric) 5; zeco CH ————————————omwegn _ 


6812.99.00.04 Woven or knitted fabric? 5 36,600 China 100% of weight. 


70 United Kingdom? ` 100% of value, 


6812.99.00.10 — Woven or knitted fabric; other” 
44 385,000 China, Japan? 9496 of weight. 


6812.99.00.20 Gaskets, packing, and seals? ____________44 385000 China, ара и ^ 
6812.99,00.25 Building materials? NA 9,000 Canada 10096 of weight. 
6813.20.00.10 — Brake lining and pads, civil aircraft NA 322,000 Brazil 8596 of value 
6813200015 "Brakelinngandpads,oher NA 2080000 China, Japan® sg gp 
6813.20.00.20 Articles for use in civil aircraft NA 23,000 United Kingdom® 10096 of ie 
6813200025 _ Other, friction materials NA 255000 Canada apogee — 
uc va 
'Harmonized Tariff Schedule of the United States. 

U.S. Customs declared value. 

"Countries are listed in decreasing order. 

‘Percentage contribution of total imports by major import sources, by weight or value. 


‘Mixtures with basis of asbestos or with a basis of asbestos and magnesium carbonate. 
"Material likely misclassified as asbestos. 


Source: U.S. Census Bureau. 
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TABLE 7 
ASBESTOS: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 

Coun 2007 2008 2009 2010 2011 

Argentina 282 298 290 300 NA 
Brazil 254,000 288,000 288,000 302,000 ' 302,000 P 

Canada* 180,000 ^ 160,000 150,000 100,000 50,000 

China* 390,000 380,000 440,000 400,000 440,000 

India 21,000 20,000 19,000 20,000 19,000 

Kazakhstan 293,000 230,000 230,000 * 214,000 223,000 

Russia" 1,030,000 ^ 1,020,000 * 1,000,000 1,000,000 1,000,000 
Zimbabwe 84,500 11,500 4,970 € 2,400 ^* 2 

Total 2,250,000 2,110,000 2,130,000 2,040,000 ' 2,030,000 


“Estimated. Preliminary. ‘Revised. NA Not available. — Zero. 

! World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
*Marketable fiber production. Table includes data available through March 30, 2012. 

?In addition to the countries listed, Afghanistan, North Korea, Romania, and Slovakia also produce asbestos, but output is not 
officially reported, and available general information is inadequate for the formulation of reliable estimates of output levels. 
“Reported figure. 
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BARITE 


By M. Michael Miller 


° Domestic survey data and tables were prepared by Raymond I. Eldridge Ш, statistical assistant, and the world production 
table was prepared by Lisa D. Miller, international data coordinator. 


In 2011, primary barite production (sold or used by producers) 
totaled 710,000 metric tons (t) valued at an estimated $61.2 
million, and apparent consumption was 2.93 million metric tons 
(Mt). Imports were 2.32 Mt and exports were 98,000 t. 

Barite is the mineralogical name for barium sulfate. In 
commerce, the mineral is sometimes referred to as barytes. In 
this report, the term primary barite refers to the first marketable 
product, which includes crude barite that usually has undergone 
simple beneficiation methods, such as jigging, tabling, washing, 
or more complex methods, such as flotation, heavy-media 
separation, and magnetic separation. Most barite ores require 
some upgrading to minimum purity or density levels. 

The rebound in oil and gas prices in 2010 coupled with the 
wide spread use of horizontal drilling and hydraulic fracturing 
has encouraged increased exploration drilling in the United 
States. This has increased the demand for barite, which has 
resulted in U.S. production reaching the highest level since 


1982. 


Production 


Domestic production and sales data for barite were derived 
from voluntary responses to the U.S. Geological Survey (USGS) 
canvass of 8 mines and 27 grinding plants. The USGS received 
responses from 3 mines and 24 grinding mills, representing 
90% of the quantity of ground barite sold. Estimates were made 
using company production estimates, prior year data, and other 
industry data. Of the canvassed producing mines, four were in 
Nevada, and one was in Georgia. In addition, there was one 
mine under development in Washington and there were two idle 
mines in Nevada. 

There were 23 grinding plants operating at the end of the 
reporting year. Most Nevada barite ore was ground at nearby 
company-owned grinding plants in Nevada, but the ore from 
NOV Minerals LP was shipped out of State to its grinding mill 
in Evanston, WY. Some run-of-mine ore or crude barite was 
shipped to Canada for grinding. In 2011, only small amounts 
of crude barite were shipped to plants on the U.S. Gulf Coast 
for grinding. This practice became uncommon when the cost 
of transport made Nevada barite uncompetitive with imported 
barite. Import prices for barite from China have increased 
substantially in the past few years, but shipments of barite to 
the Gulf Coast have remained rare. Demand in the Western 
United States and Western Canada has been so strong in recent 
years that Nevada barite producers have sold almost all their 
production to western customers. 

E Crude barite production was 710,000 t in 2011, an increase of 
^» compared with that of 2010. The bulk of mine production 
Was from Nevada, with a small amount from Georgia. The value 
of domestic production was ап estimated $61.2 million, an 
Increase of 20% compared with the revised value for 2010. Only 
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one of the Nevada barite producers sells crude ог run-of-mine 
ore so estimating the net selling value of the crude barite has 
been problematic. Value data reported to the USGS in the past 
were closer to production costs rather than net selling values. As 
a result, the estimated value for crude barite has been revised in 
table 1 for the years 2007—10. 

In 2011, there were four active barite mines in Nevada— Big 
Ledge Mine (NOV Minerals) and Rossi Mine (Halliburton 
Energy Services-Baroid) in Elko County, and Argenta Mine 
(Baker Hughes Drilling Fluids) and Greystone Mine (M-I 
L.L.C. operating as M-I SWACO) in Lander County. In addition 
to these Nevada operations, there was one small barite producer 
in Georgia—New Riverside Ochre Co., Inc. 

Kent Exploration Inc. made considerable progress in getting 
its Flagstaff Mountain barite project in Washington State into 
production. During the year, the company performed site 
preparation work; separated the historic stockpile into high 
grade and waste; and drilled, blasted, and stockpiled additional 
ore. The company screened the barite ore into two stockpiles— 
one of crushed fines for upgrading and one of minus 3/4 inch 
(19 millimeters) for further crushing and upgrading. The 
company was unable to complete the upgrading before winter 
weather conditions deteriorated on the mountain, so it erected a 
storage facility in the nearby town of Northport, WA. Northport 
15 where a contractor was expected to process this material and 
to process future crude barite from the mine. Kent Exploration 
has a permit from the U.S. Bureau of Land Management to 
produce about 91,000 metric tons per year (t/yr) (100,000 
short tons per year) of barite from the F lagstaff Mine (Kent 
Exploration Inc., 2012). 

In 2011, the leading companies that mined and ground barite 
in the United States were also major oil service companies, 
which included Baker Hughes Drilling Fluids (a division of 
Baker Hughes Inc.), Baroid Fluid Services (the drilling fluids 
and industrial barite subsidiary of Halliburton Energy Services 
Inc.), M-I SWACO (a subsidiary of Schlumberger Ltd.), and | 
National Oilwell Varco (NOV). These four companies operated 
barite mines with associated beneficiation mills and grinding 
plants in Nevada (or in the case of NOV in Wyoming) and also 
operated grinding plants in Louisiana and Texas. 

At yearend 2011, there were 14 grinding Operations on the 
coast of the Gulf of Mexico (6 in Louisiana and 8 in Texas) 
that produced barite to American Petroleum Institute (АРІ) 
specifications. These stand-alone grinding plants primarily 
processed crude barite imported from China and India that was 
ground to API specifications for the oil and gas drilling market. 
Baker Hughes had single plants in Morgan City, LA, and Corpus 
Christi, TX. Baroid (Halliburton) had two plants in Louisiana at 
Lake Charles and Larose, and a single plant in Corpus Christi, TX 
M-I SWACO (M-I LLC) operated single mills in Amelia, LA. 
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Brownsville, TX, and Galveston, TX. National Oilwell Varco 
operated a barite grinding plant in Houma, LA. 

In addition to the barite mining companies, there were four 
other companies that operated grinding mills primarily designed 
to process imported crude barite. These included CIMBAR 
Performance Minerals, Inc. (Cartersville, GA), which operated 
plants in Chatsworth, GA, Mount Vernon, IN, Fountain Farm, 
MO, Wellsville, OH, and Houston, TX. The company ground 
imported barite and produced filler-grade barite, for uses such 
as paint and plastics, and API-grade barite for the oil and gas 
drilling market. In 2011, CIMBAR closed its Fountain Farm, 
MO, grinding plant, acquired a grinding plant in Wellsville, OH, 
and maintained its Cartersville, GA, plant on standby (it last 
operated in 2009). The Wellsville plant equipment was acquired 
from Astra Minerals, Inc. (Wellsville, OH) and the property 
and buildings from the Columbiana County Port Authority 
(CIMBAR Performance Minerals WV, LLC, 2011). Another 
major barite importer and grinder was Excalibar Minerals Inc. 
(a division of Newpark Resources, Inc. of Houston), which 
operated grinding mills in New Iberia, LA, Corpus Christi, 

TX, and Houston, TX. These mills primarily supplied barite 

to the oil and gas drilling market. The company also operated 
a grinding plant in Dyersburg, TN, which mostly served 
nondrilling markets. There were two other companies that 
ground imported barite—Huber Engineered Materials (part 

of J.M. Huber Corp.) with a grinding mill in Quincy, IL, and 
Milwhite, Inc. (a subsidiary of Mexico's Control MINAR, S.A. 
de C.V.) in Brownsville, TX. 


Consumption 


In 2011, apparent consumption of barite increased by 10% 
to 2.93 Mt compared with that in 2010 (table 1). Ground barite 
sales increased by 1396 to 2.91 Mt in 2011 from 2.57 Mt in 
2010. In 2011, sales by grinding plants in Louisiana increased 
slightly to 928,000 t, grinding plant sales in Texas increased 
by 2596 to 1.13 Mt, while sales by plants in all other States 
increased by more than 13% to 848,000 t (table 2). About 2.75 
Mt, or 95%, of barite sales from domestic crushers and grinders 
was for petroleum well-drilling markets, and the remaining 5% 
was for industrial end uses (table 3). 

The leading application for barite is as a weighting agent 
in natural gas and oil field drilling muds to suppress high 
formation pressures and prevent blowouts. As a well is drilled, 
the bit passes through various formations, each with different 
characteristics. The deeper the hole, the more barite is needed as 
a percentage of the total mud mix. An additional benefit of barite 
is that it does not interfere with magnetic measurements taken in 
the borehole, either during logging-while-drilling or in separate 
drill hole logging. 

Barite used for drilling petroleum wells can be black, blue, 
brown, buff, or gray depending on the ore body. Most barite 
needs to be ground to a small uniform size before it is used 
as a weighting agent in petroleum well-drilling mud based on 
specifications set by the API or the former Oil Companies’ 
Materials Association. 

The most important characteristic of barite used in drilling 
mud is its specific gravity (SG), and until 2010 the API 
specification called for a minimum SG of 4.2. After concerns 
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in the United States about dwindling reserves of 4.2 SG 

barite, the API issued a new edition of API Specification 13A, 
Specification for Drilling Fluids Materials (effective date, 
August 1, 2010). This new edition of Specification 13A added 
specifications for 4.1 SG barite, but also retained specifications 
for 4.2 SG barite. 

The idea of using 4.1 SG barite was put forth in late 2006, 
and since then it has become widely adopted in the Western 
United States. Offshore drillers continue to use 4.2 SG barite as 
do onshore customers in other parts of the country that rely on 
imported barite. 

Other barite specifications remain unchanged from the 
previous standard and are the same for 4.1 and 4.2 SG barite. 
They require that the barite be finely ground so that at least 
97% of the material, by weight, can pass through a 200-mesh 
(Tyler) [75-micrometer (um)] screen, and no more than 30%, 
by weight, can be less than 6 jum, effective diameter, which 15 
measured using sedimentation techniques. Lastly, the ground 
barite may contain a maximum of no more than 250 milligrams 
per kilogram of water-soluble alkaline earth metals as calcium 
(American Petroleum Institute, 2010, p. 13—23, 83—96). 

Common impurities in drilling-grade barite include quartz, 
chert, dolomite, siderite, and metallic oxide and sulfide 
compounds. These are normally insoluble, and as a result, 
standards limiting their concentrations have not been developed. 
In addition, the API standard does not address heavy-metal 
impurities, but barite derived from base-metal deposits may 
contain heavy metals such as cadmium and mercury and 
discharges of these may be regulated under environmental 
law. For example, U.S. environmental regulations pertaining 
to offshore drilling allow drilling waste discharges containing 
barite only if the barite contains less than 3 parts per 
million (ppm) cadmium and 1 ppm mercury (Drilling Waste 
Management Information System, undated). 

Cil and gas prices correlate directly with the amount of 
exploration drilling being performed (the higher the prices the 
more drill rigs operating and vice versa) and the quantities of 
barite being consumed. In 2011, the U.S. economy continued its 
slow recovery from the 2008—09 recession, and while oil prices 
increased, natural gas prices actually decreased. Oil prices (U.S. 
spot price) increased by about 20% compared with those of 
2010. In 2011, the monthly average was nearly $95 per barrel 
compared with an average of about $79 per barrel in 2010 (U.S. 
Energy Information Administration, 2012a). The U.S. monthly 
average natural gas price (wellhead), however, decreased to an 
average of $3.95 per thousand cubic feet from an average of 
$4.16 per thousand cubic feet in 2010 (U.S. Energy Information 
Administration, 2012b). The decrease in natural gas prices was 
the result of natural gas supplies outstripping consumption. 

At yearend 2011, there were 313 more drill rigs exploring 
for oil or gas in the United States than were operating at 
yearend 2010. At the beginning of the year there were 1,694 
rigs operating, but by November, the number had increased to 
near-record levels of 2,026 before decreasing slightly to 2,007 at 
yearend. As natural gas prices decreased, more rigs were shifted 
from drilling for natural gas to drilling for oil—the number of 
rigs drilling for oil increased to 1,193 at yearend 2011 from 765 
in December 2010. The percentage of drill rigs exploring for oil 
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accounted for 59% of the total at yearend 2011, up from 45% at 
yearend 2010 (Baker Hughes Inc., 2012b). 

In 2011, sales of domestic and imported barite for industrial 
uses increased by nearly 20% to 157,000 t (table 3). 

Industrial end uses such as barium chemicals (the largest 

by volume is barium carbonate), filler in paint and plastics, 

and powder coatings all require the barite to be ground to 

a small uniform size. The size depends on the use, but for 

paint- and plastic-grade material, it averages about 2 to 3 иш. 
Barite-containing materials that are used for sound reduction 

in engine compartments are gaining market share among 
automotive manufacturers. Barite also is used in the base coat of 
automobile finishes for smoothness and corrosion resistance and 
continues to be used in friction products for automobiles and 
trucks, 

Barite used as an aggregate in “heavy” concrete or 
radiation-shielding concrete is crushed and screened to sizes 
ranging from 4.75 millimeters (0.187 inches) to 3.75 centimeters 
(1.5 inches) for the coarse grade. New Riverside Ochre 
(Cartersville, GA) is the leading supplier of barite aggregate. 


Foreign Trade 


In 2011, barite exports were 98,300 t, which was a decrease 
of about 10,000 t compared with those of 2010. Most exports 
went to Canada (8796) in the form of crude barite, which was 
ground in Canada and then consumed for oil and gas drilling 
in the western provinces of Alberta, British Columbia, and 
Saskatchewan. Most of the remaining exports went to Mexico 
(9%) and Brazil (196) (table 4). 

Assignment of the correct harmonized tariff schedule 
(HTS) number by importers is sometimes problematic. As a 
result, in prior years, adjustments were made in an attempt 
to classify imports of crude natural barite, ground barite, and 
other sulfates of barium by type and use. These adjustments 
involved separating, by unit value, imports intended for use 
in drilling muds (crude and ground barite), and all other uses 
(other sulfates of barium). Beginning in 2008 this practice was 
discontinued, and the data shown in table 5 for 2010 and 2011 
are as reported by the U.S. Census Bureau. 

Combined imports of barite (crude and ground) totaled 
2.30 Mt, an increase of 10% compared with those of 2010. 
China accounted for 8796 of the total, with India (796) and 
Morocco (3%) making up most of the rest. Imports for the 
several forms of barite reported under the HTS nomenclature 
"Other sulfates of barium" were 15,100 t, which represents an 
increase of nearly 396 compared with those of 2010 (table 5). 

There is a tariff on U.S. imports of crude barite of $1.25 per 
metric ton, but there is no tariff on imports of ground barite. As 
а result, the major importers of crude barite have applied for 
and received foreign trade zone (FTZ) status for many of their 
grinding mills in the United States. Beginning in 2007, FTZ 
Status has been approved for Baker Hughes’ grinding plants in 
Morgan City, LA, and Corpus Christi, TX; Excalibar's grinding 
p ants In Corpus Christi, TX, and New Iberia, LA; Halliburton's 
уе: plants in Corpus Christi, TX, and Westlake, LA; and 
a odd р. in Amelia, LA, and Galveston, 
‘iene жы i » Halliburton received FTZ approval for 

plant in Larose, LA. FTZ status means that 
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the ground barite produced by these mills will be reported as 
imports for consumption and not crude barite received from 
foreign suppliers (International Trade Administration, undated). 


Transportation 


In recent years, about 80% of U.S. barite consumption has 
been supplied by imports (primarily from China). Most barite 
imports are shipped in handymax-size bulk carriers (typically 
35,000- to 60,000-t deadweight tonnage). After being ground to 
API specifications, barite is transferred directly to containers on 
barges docked in canals, lakes, and rivers near the grinding mills 
for bulk delivery to offshore drilling platforms. These near-shore 
barite staging locations also are convenient to the clusters of 
onshore areas with significant petroleum production in the 
Petroleum Administration for Defense (PAD) District 3. The 
PAD districts were World War II divisions of the oil-producing 
areas of the United States; these designations continue to be 


used. 


Prices 


Since very little primary barite was sold by domestic barite 
mining companies, value data for primary barite were to a large 
extent estimated. The average estimated sales value for primary 
barite from mines and their associated beneficiation plants in the 
United States increased to about $86 per metric ton, an increase 
of about $9 per metric ton compared with the revised value for 
2010 (table 1). 

Compared with those of 2010, the average sales value for 
barite ground in Louisiana increased by about $28 per ton to 
$172 per ton, while the sales value for drilling-grade barite 
ground in Texas increased slightly to $167 per ton. The average 
value for all grades ground in Texas was increased by $4 per 
ton to $173 per ton, while the sales value of barite ground in 
other States increased to about $158 per ton (table 2). Barite for 
barium chemicals, filler and extender, and glass decreased by 
7% to about $310 per ton for 2011 compared with that of 2010 
(table 3). 

Internationally, barite prices have steadily risen during the 
past decade. China has been the preferred source of the majority 
of barite imported into the United States. Chinese barite prices 
have risen because of currency revaluation, increased national 
and local taxes, increased port fees, hi gher diesel fuel prices, 
increased mine safety and environmental costs, trucking load 
restrictions, and longer truck and rail shipping distances, A 
recent analysis has calculated that these factors have resulted in 
a 6-fold increase in the free-on-board (f.o.b.) price of Chinese 
barite since 2003. India and Morocco have had their own 
causative factors that have driven up their prices (Allen, 2012; 
Newcaster, 2012). | 

The December 2011 United States published import prices for 
barite from China, API grade, lump, including cost, insurance 
and freight, U.S. Gulf Coast, were in a range of $136 to $150 | 
per ton compared with $100 to $108 per ton in December 2010. 
The import price for Indian barite increased to a range $165 to 
$170 per ton compared with $107 to $112 per ton in December 
2010. The import price of chemical-grade barite from China was 
essentially unchanged in December 2011 at $135 to $145 per 
ton compared with $138 to $145 per ton in December 2010. 
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Import prices for Moroccan barite were unavailable, but 
unground lump, API bulk, free-on-board Morocco increased to 
a range of $108 to $113 per ton in December 2011 compared 
with $84 to $89 per ton in December 2010 (Industrial Minerals, 
2010; 2011). 


World Review 


Fueled by the rapid expansion of the economies of developing 
countries such as Brazil, China, and India, the demand for 
oil and gas has risen rapidly. This increase in demand, plus 
improvements in technology, has resulted in a substantial 
increase in worldwide exploration for oil and gas and with it an 
increase in consumption of barite. Although the Baker Hughes 
international rotary rig count does not include rigs drilling in 
the Caspian region, onshore China, Cuba, Iran, North Korea, 
Russia, or Sudan, it 15 a good indicator of international oil and 
gas exploration trends. Internationally, the average monthly 
number of drill rigs operating in 2011 was 3,465, which was the 
highest number since 1985 (Baker Hughes Inc., 2012а). 

China.—In 2011, China exported 2.89 Mt of barite, which 
was an increase of 12% compared with that of 2010. This 
was, however, insufficient to keep up with the 16% increase 
in drill rigs operating worldwide. This export quantity was 
also substantially less than what was exported in 2008 when 
China produced an estimated 4.6 Mt and exported 3.88 Mt. 
China’s production has decreased an approximately 11% since 
2008. Chinese barite production has decreased because of the 
depletion of reserves in some traditional mining areas and the 
combination of stricter environmental and mine health and 
safety regulations that are forcing some smaller mines out of 
business. 

India.— Despite flooding in 2010 of the Andhra Pradesh 
Mineral Development Corporation Ltd. (APMDC) barite mine, 
barite exports in 2010 apparently increased compared with those 
of 2009. Exports for 2010 and 2011 were approximately the 
same at 1 Mt. The export price of Indian crude barite increased 
to $142 to $146 per metric ton at yearend 2011, nearly double 
that of yearend 2010. 

IBC Ltd. (Chennai) (formerly Indian Barytes and Chemicals 
Ltd.) announced plans to increase its barite production capacity 
to 300,000 t/yr in anticipation of strong demand. With the 
surge in oil and gas exploration worldwide, Chinese production 
expected to decrease, and prices rising, conditions appear to be 
excellent for increased output by IBC. India is ideally located to 
supply barite to the Middle Eastern market, where consumption 
has effectively doubled in the past 18 months (Elliot, 2011). 

Ireland.—Sunrise Resources Plc (Macclesfield, United 
Kingdom) announced the completion of a positive concept study 
suggesting that a profitable underground barite mining operation 
could be developed at Derryginagh in southwest Ireland with an 
output of at least 50,000 metric tons per year. This was based on 
initial estimates of mining and processing capital and operating 
costs and using published barite sales prices. Following this 
study, metallurgical test work continued with the objective to 
define a low cost gravity separation process for production 
of high-grade barite and a drilling program was in progress 
to evaluate the resource potential of the barite vein (Sunrise 
Resources Plc, 2011). 
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Outlook 


In the future, natural gas's share of U.S. power generation is 
expected to increase because of lower capital costs, relatively 
low natural gas prices, and stricter environmental controls on 
powerplant emissions. Many coal-fired powerplants are either 
being converted to natural gas or they are being shutdown owing 
to their age and the expected economic burden of complying 
with pollution control regulations. A large percentage of new 
powerplants expected to be built in coming years are likely to 
be natural-gas fired. A switch from coal to natural gas in new 
powerplants would likely provide a boost to domestic drilling 
and increase the demand for barite. 

Drilling for oil and gas in the United States and the rest 
of the world ramped up rapidly after the 2008—09 recession. 
Worldwide demand for barite is expected to remain strong 
owing to the high level of oil and gas exploration. Barite 
supplies, however, are expected to be tight as a result of 
decreased Chinese production. This supply shortage coupled 
with factors such as increased costs for mining, inland 
transportation, and higher taxes in China has resulted in 
significantly higher prices for barite sourced from the major 
exporters. With China, India, Morocco, and the United States 
accounting for more than 80% of the world’s barite supply, 
prices are expected to remain high until additional barite 
resources are developed. There are some projects in the pipeline, 
but more efforts may need to be taken by minmg companies, oil 
service companies, and investors to address the increasing needs 
of the oil and gas industry. 
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SALIENT BARITE STATISTICS! 


(Thousand metric tons and thousand dollars) 


2007 
United States: 
Barite, primary: 
Sold or used by producers: 
Quantity 455 
Value 32,000 
Exports: 
Quantity 15 
Value 6,300 
Imports for consumption:? 
Quantity 2,600 
Value 193,000 
Consumption, apparent? 3,040 


Crushed and ground, sold or used by ргосеѕѕогѕ:“ 


2 2 
> 2 


7,970 ' 


World, production 

Estimated. "Revised. 

"Рава are rounded to no more than three significant digits. 
“Includes crude, ground, and other barite imports. 

‘Sold or used plus imports minus exports. 

‘Includes i imports. 


BARITE—2011 


ООО 


2008 2009 2010 2011 

648 396 ' 662 710 

' _ 47300' _ 31,800" 51,0007 61200 
62 49 109 98 

10,500 10,200 17,800 17,300 
2,620 1,430 2,110 2,320 
208,000 129,000 196,000 245,000 
3,210 1,770 2,660 2,930 


8,730 ' 6,670 ' 8,130 ' 8,370 * 


9.5 


9.6 


TABLE 2 
CRUSHED AND GROUND BARITE SOLD OR USED BY PROCESSORS 
IN THE UNITED STATES, BY 5ТАТЕ! 2 


2010 2011 
Quantity Quantity 
Number (thousand Value Number (thousand Value 
State of plants metric tons) (thousands) of plants metric tons) (thousands) 
Louisiana 7 915 $132,000 6 928 $160,000 
Texas 8 907 153,000 8 1,130 196,000 
Other? 1! 748 112,000 ' 11 848 134,000 
Тога! 26 2,570 398,000 ' 25 2,910 490,000 
‘Revised. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
“Includes imports. 


"Includes Georgia, Illinois, Indiana, Missouri, Nevada, Ohio, Tennessee, and Wyoming. 


TABLE 3 
CRUSHED AND GROUND BARITE SOLD OR USED BY PROCESSORS 
IN THE UNITED STATES, ВУ ОЕ"? 


(Thousand metric tons and thousand dollars) 


2010 2011 
Use Quantity Value Quantity Value 
Barium chemicals, filler and (or) extender, glass 131 43,800 157 48,700 
Well drilling 2,440 354,000 ' 2,750 441,000 
Тога! 2,570 398,000 ' 2,910 490,000 

‘Revised. 

"Раја are rounded to no more than three significant digits; may not add to totals shown. 

"Includes imports. 


TABLE 4 
U.S. EXPORTS OF NATURAL BARIUM SULFATE (BARITE), BY COUNTRY! 
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2010 2011 
Quantity Value Quantity Value 

Country (metric tons) (thousands) (metric tons) (thousands) 

Brazil 1,470 $1,020 1,470 $1,380 
Canada 97,200 13,600 85,600 10,400 
Costa Rica 204 144 225 165 
Mexico 5,500 1,610 8,620 4,460 
Mozambique - -- 692 197 
Отап 402 109 468 109 
Trinidad and Tobago 409 174 306 97 
Other”? 3,410 ' 1,150 г 860 483 
Total 109,000 17,800 98,300 17,300 


‘Revised. -- Zero. 

‘Data are rounded to no more than three significant digits; may not add to totals shown. 
“Includes countries with full year quantities of less than 200 metric tons in 2011. 
Includes Angola (2011), Cameroon (2010), China, Colombia (2011), Ecuador, Egypt 

(2010), Equatorial Guinea (2010), France, Germany (2010), Guatemala (2010), Haiti 
(2011), India (2011), Indonesia (2011), Israel (2010), Japan (2011), Republic of Korea 
(2011), Lebanon (2010), Malaysia (2010), Russia (2010), Singapore (2010), Thailand, 
and United Arab Emirates (2011). 


Source: U.S. Census Bureau. 
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U.S. IMPORTS FOR CONSUMPTION OF BARITE, BY COUNTRY! 


TABLE 5 


2010 2011 
Quantity Value? Quantity Value’ 
Country (metric tons) (thousands) (metric tons) (thousands) 
Crude: 
Canada 8 53 — -- 
China 754,000 75,900 638,000 $80,500 
India 45,500 4,690 112,000 15,000 
Malaysia 636 18 3,080 87 
Mexico 18,100 1,390 37,100 3,080 
Morocco 54,900 5,180 59,000 6,200 
Norway 230 60 -- -- 
Total 873,000 87,300 850,000 105,000 
Ground: 
Canada 8,060 510 139 46 
China 1,170,000 87,000 1,380,000 114,000 
Germany 1,150 582 1,200 669 
India 38,400 3,050 55,200 5,070 
Italy 27 5 | 3 
Јарап 1,690 365 2,010 373 
Mexico -- -- 3,710 378 
Morocco — -- 11,600 1,070 
Netherlands 4 3 18 24 
Spain 19 12 19 8 
Switzerland -- -- 2,870 290 
Thailand -- -- 20 12 
United Kingdom 86 43 18 14 
Total 1,220,000 91,500 1,450,000 121,000 
Other sulfates of barium: 
China 4,380 2,940 5,050 3,900 
Denmark 5 4 = E 
Germany 7,640 10,700 6,960 10,600 
Ghana -- -- 18 58 
Кају 1,920 1,720 2,050 2,360 
Јарап 670 1,630 647 1,440 
Mexico -~ -- 401 90 
Netherlands 130 58 = 25 
Switzerland -- -- 20 18 
Taiwan -- -~ 2 5 
United Kingdom (3) 8 1 6 
Total 14,700 17,000 15,100 18,500 


-- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


‘Cost, insurance, and freight value. 
?Less than У unit. 


Source: U.S. Census Bureau. 


TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF BARIUM CHEMICALS! 


2010 2011 


Quantity Value? Quantity Value” 
(metric tons) (thousands) (metric tons) (thousands) 
Chloride 352 _ $431 609 $725 
Oxide, hydroxide, peroxide 4,290 4,940 3,740 5,030 
Carbonate, precipitated 2,780 2,530 2,860 5,250 
"Data are rounded to no more than three significant digits. 


*Cost, insurance, and freight value. 


Source: U.S. Census Bureau. 
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ТАВГЕ 7 
BARITE: WORLD PRODUCTION, ВУ COUNTRY"? 


(Metric tons) 
eee 
Country 2007 2008 2009 2010 2011° 
Algeria 63,098 60,088 38,000 42,000 ' 40,000 
Argentina 37,979 3,170 3,416 2,944 ' 3,000 
Armenia‘ 600 600 500 550 600 
Australia" 16,000 21,000 20,000 21,000 ' 22,000 
Bolivia 8,245 10,900 2,069 7,845 21,297 ? 
Brazil, beneficiated 13,311 23,276 49,847 ' 41,385 ' 41,400 Р 
Bulgaria 51,000 40,000 14,300 500 ' 500 
Burma 6,813 5,679 7,623 8,975 9,000 
Canada 9,000 12,000 15,000 * 22,000 * 22,000 
China* 4,400,000 4,600,000 3,000,000 4,000,000 4,100,000 
Germany 88,265 ' 78,941 45,606 55,887 ' 70,000 
India" 1,000,000 1,100,000 1,200,000 1,300,000 ' 1,350,000 
Кап“ 249,495 226,590 361,217 ' 400,000 "* 350,000 
Italy 5,000 5,000 3,500 3,500 3,500 
Kazakhstan 130,000 170,000 170,000 200,000 < 200,000 
Laos? 29,000 29,000 29,000 29,000 29,000 
Mexico 185,921 140,066 151,791 143,225 ' 156,645 ° 
Morocco 664,700 ' 725,060 ' 586,937 ' 572,429 ' 600,000 
Nigeria^? 5,000 5,000 19,400 "> 19,000 ' 20,000 
Pakistan _ 48,044 56,500 ' 60,000 ' 55,000 ' 58,000 
Peru 27,372 ' 45,213 ' 27,881 ' 50,942 ' 86,790 ? 
Russia" 63,000 63,000 63,000 60,000 62,000 
Slovakia, concentrate 11,000 12,950 8,000 * 10,000 * 10,000 
Spain _ 26,770 ' 11,100 2,814 ' 2,814 ' 3,000 P 
Thailand ___________ 8,631 9,180 51,895 33,465 ' 35,000 
Turkey 184,041 482,740 213,187 250,000 “ 230,000 
United Kingdom __________ 55,000 50,000 50,000 50,000 50,000 
United State? oo 455,000 648,000 396,000 ' 662,000 710,000 * 
Vitam ____________ 120,000 90,000 75,000 85,000 85,000 
OH у-у реа. 2,620 °° 3,934 ' 3,617 ' 3,660 ^* 3,610 
Total 7,960,000 ' 8,730,000 " 6,670,000 ' 8,130,000 * — 8,370,000 


*Estimated. Preliminary. ‘Revised. 

! World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 

?Table includes data available through July 6, 2012. 

Reported figure. 

4Data are for fiscal year beginning March 21 of that stated. 

5Considerably more barite is produced, but it is considered to be commercially unusable. 

брака for 2007—10 reported by Thailand Department of Primary Industries and Mines, data for 2011 from United States Geological Survey. 
7Crude barite sold or used by producers. 

®Includes Afghanistan, Bosnia and Herzegovina, Chile, Colombia, Egypt, Guatemala, and Poland. 
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BAUXITE AND ALUMINA 
By E. Lee Bray 


Domestic survey data and tables were prepared by Linda M. White, statistical assistant, and the world production tables 


were prepared by Lisa D. Miller, international data coordinator. 


In 2011, almost all the 8.41 million metric tons (Mt) of 
bauxite consumed in the United States was imported. U.S. 
production and shipments of alumina (calcined equivalent) 
were 3.57 Mt and 3.56 Mt, respectively. An estimated 98% 
of domestic shipments was used for metal production. World 


production of bauxite was 259 Mt (tables 1 and 11); the leading 


producing countries were, in descending order of production, 
Australia, China, Indonesia, and Brazil. World production of 


alumina was estimated to be 91.6 Mt (tables 2 and 12); China, 


Australia, and Brazil were, in descending order, the leading 
producing countries. 


Production 


Bauxite.—For many years, domestic mines have supplied less 


than 1% of the U.S. requirement for bauxite, all of which was 


used in nonmetallurgical products, such as abrasives, chemicals, 


proppants, and refractories. Thus, the United States imported 


almost all the bauxite that it required. 
Alumina.—U.S. production of alumina, which was derived 


exclusively from imported metallurgical-grade bauxite, was 3% 


higher in 2011 than that in 2010 (table 2) owing to increased 
capacity utilization at refineries. 


Sherwin Alumina Co. [a subsidiary of Glencore International 


plc, (Baar, Switzerland)] restarted a digester at its Corpus 
Christi, TX, alumina refinery during the first quarter of 2011. 


The digester had been shut down in March 2009 when alumina 


prices declined. With the restart, the 1.6-million-metric-ton- 
per-year (Mt/yr) alumina refinery was operating at capacity 
(Glencore International pic, 2012, p. 57). 

In November, Ormet Corp. (Hannibal, OH) restarted its 


540,000-metric-ton-per-year (t/yr) alumina refinery in Burnside, 
LA. The refinery was expected to be producing at full capacity 
ш early 2012. The refinery had been closed in the fourth quarter 


of 2006 because of low alumina prices and high natural gas 
prices (Ormet Corp., 201 1a, b). 


Consumption 


: Bauxite.—Domestic production and consumption data for 
n and alumina were obtained by the U.S. Geological 
ud from three voluntary surveys. The *Bauxite 
о survey was sent to 31 operations, 24 of which 
Mess А epresenting approximately 89% of the bauxite 
Total do or uses other than cement listed in table 4. 
nae oe consumption of bauxite increased by 3% 
ын, ы оЁ 2010. In 2011, 98% of the bauxite 
Bus. a | е United States was refined to alumina [an 
ШОШ uh bac tons (t) of dried bauxite was required to 
O umina]; the remaining 2% was consumed in 
allurgical applications (table 4). 
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Alumina.—An estimated 98% of the net alumina imports and 
domestic alumina shipments by U.S. alumina refineries went 
to primary aluminum smelters for metal production. In 2011, 
10 domestic primary aluminum smelters consumed 3.97 Mt 
of alumina, 15% more than the amount of alumina consumed 
in 2010. Consumption of various forms of alumina by the 
abrasives, chemicals, refractories, and other specialty industries 
accounted for the remainder of U.S. alumina use. 


Prices 


Most metallurgical-grade bauxite and alumina was purchased 
under long-term contracts, and contract terms normally were 
not made public. Spot prices for metallurgical-grade alumina 
and specialty forms of bauxite and alumina for nonmetallurgical 
applications, however, were published in trade journals. 

The annual average delivered value of U.S. imports of 
metallurgical-grade bauxite (table 5) increased by about 6% 
in 2011 compared with that of 2010. Alumina prices generally 
followed the trend in aluminum prices. In 2011, the average 
value of U.S. imports of calcined alumina, (table 6) including 
cost, insurance, and freight at U.S. ports, increased by 14% to 
$463 per metric ton. Yearend price ranges for refractory-grade 
bauxite in China and Guyana (table 7), the leading suppliers, 
as quoted in Industrial Minerals (2011), were unchanged from 
those in 2010. 


World Industry Structure 


Production.—In 2011, world production of bauxite increased 
by 10% compared with that of 2010 (table 11). Total mine 
production of 259 Mt was reported from 25 countries. The 
leading producers of bauxite were, in decreasing order of 
tonnage mined, Australia, China, Indonesia, Brazil, India, and 
Guinea. These countries accounted for 85% of total world 
production; Australia, China, and Indonesia together accounted 
for 59% of the world’s production. World output of alumina 
increased by 8% in 2011 compared with that of 2010 (table 12). 
Total alumina production of 91.6 Mt was reported from 25 
countries. The five leading producing countries were, in 
descending order of quantity of alumina produced, China, 
Australia, Brazil, India, and the United States. These countries 
accounted for more than three-quarters of world production; 
China and Australia together accounted for 58%. 

Mergers, Acquisitions, and Restructuring.—In F ebruary, 
Vale S.A. (Rio de Janeiro, Brazil) completed the sale of bauxite 
alumina, and aluminum assets in Brazil to Norsk Hydro ASA | 
(Oslo, Norway) in exchange for $1.1 billion in cash plus $3.8 
billion in Norsk Hydro stock. As a result of the transaction, Vale 
received 22% of Norsk Hydro’s stock; Norsk Hydro received 
51% of the 460,000-t/yr Albras smelter; and Norsk Hydro 
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increased its share of the 6.3-Mt/yr Alunorte alumina refinery to 
91% from 34% and of the 1.86-Mt/yr Companhia de Alumina 
do Para (CAP) alumina refinery project to 81% from 20%. 
Norsk Hydro also gained 60% ownership of the 9.9-Mt/yr 
Paragominas bauxite mine and would purchase the remaining 
40% of the mine by yearend 2015 (Vale S.A., 2011). 

After completing the acquisition of assets in Brazil from Vale, 
Norsk Hydro sold its 35% share of the shuttered 1.65-Mt/yr 
Alpart alumina refinery and the adjacent 4.9-Mt/yr bauxite mine 
in Jamaica to United Company RUSAL (Moscow, Russia); 
Rusal became the sole owner of the Alpart assets. The mine and 
refinery closed in May 2009 and remained so throughout 2011 
(Norsk Hydro ASA, 2011; 2012b; United Company RUSAL, 
2012b). 

Rio Tinto plc restructured 12 assets in its aluminum product 
group prior to selling them at an appropriate time in the 
future. Rio Tinto’s interests in six Australian and New Zealand 
assets were transferred into a new business unit called Pacific 
Aluminium that was managed and reported separately from 
the Rio Tinto Alcan product group prior to divestment. The 
Pacific Aluminium group included the 8-Mt/yr bauxite mine 
and 3.8-Mt/yr alumina refinery at Gove, Australia; a powerplant 
at Gladstone, Australia; the Bell Bay (160,000 t/yr), Boyne 
(550,000 t/yr), and Tomago (525,000 t/yr) smelters in Australia; 
and the 350,000-t/yr Tiwai Point, New Zealand, smelter. A 
second group of six noncore assets, including the 196,000-t/yr 
smelter at Sebree, KY, continued to be managed by Rio Tinto 
Alcan while it investigated additional divestment options. Other 
assets for sale that continued to be managed by Rio Tinto Alcan 
were a 700,000-t/yr alumina refinery at Gardanne, France; 
specialty alumina refineries at Beyrede and La Bathie, France, 
and Teutschenthal, Germany; and a powerplant associated with 
a 169,000-t/yr smelter at Lynemouth, United Kingdom, which 
was scheduled to be permanently shut down in 2012 (Rio Tinto 
ple, 20118). 

In November, Mytilineos Holdings SA (Athens, Greece) 
agreed to purchase the bauxite assets of S&B Industrial 
Minerals SA by mid-2014. Mytilineos owned the 800,000-t/yr 
alumina refinery at Aspra Spitia Voiotias, Greece, and purchased 
approximately 60% of the bauxite produced by S&B Industrial 
Minerals. S&B Industrial Minerals sold 40% of its production as 
cement-grade nonrefractory bauxite (O’ Driscoll, 201 1b). 

Trade.—The World Trade Organization (WTO) found that 
export quotas for refractory-grade bauxite and several other 
mineral commodities violated WTO rules. Complaints against 
China’s export policies had been filed with the WTO by the 
European Union, Mexico, and the United States in 2009. 

China claimed that the export restrictions were permitted in 
order to conserve resources. However, the WTO found that 
Chinese businesses were favored by the policy and restrictions 
on consumption had not been placed on businesses in China 


(O’Driscoll, 201 1a). 


World Review 


Australia.—Heavy rains that started in December 2010 and 
continued through April 2011 caused flooding that reduced 
production of alumina at Rio Tinto's 3.85-Mt/yr alumina 
refinery and bauxite from the adjacent mine at Gladstone, 
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Queensland. Rio Tinto reported that production was 20% lower 
in the first quarter compared with production in the fourth 
quarter of 2010, but gradually recovered to normal levels by 
yearend. Total 2011 production was 12% lower than production 
in 2010 (Rio Tinto plc, 201 1b, р. 1, 4, 15; 2012a, р. 4, 15). 

A power outage that caused a shutdown of the Gove alumina 
refinery during August delayed ramp up to full capacity 
following an expansion in mid-2008 that increased capacity to 
3.8 Mt/yr from 2 Mt/yr. Total alumina production in 2011 was 
2.55 Mt, 3% more than the 2.47 Mt produced in 2010 (Rio Tinto 
plc, 2011c, p. 4; 2012a, p. 17). Rio Tinto continued to expand 
the Yarwun alumina refinery to 3.4 Mt/yr from 1.4 Mt/yr with 
completion projected for mid-2012 (Rio Tinto plc, 2012b, 

p. 9, 20). 

Alumina production at BHP Billiton Ltd.'s Worsley refinery 
for 2011 was 496 lower than that of 2010. The reduced 
production mainly resulted from low production in the first 
quarter because of planned maintenance. Work to expand 
alumina capacity to 4.6 Mt/yr from 3.5 Mt/yr continued 
throughout the year at a slower pace than planned, with 
scheduled completion revised to early 2012 from early 2011. 
Issues with construction were cited for the revised schedule, and 
higher costs for materials and equipment, as well as the strength 
ofthe Australian currency, were cited for increased costs of the 
project. The Worsley refinery was a joint venture between BHP 
Billiton Ltd. (8696), Japan Alumina Associates Pty. Ltd. (1096), 
and Sojitz Alumina Pty. Ltd. (4%) (BHP Billiton Ltd., 2011; 
2012, p. 2, 6). 

Azerbaijan.—Det. AL Group (Detal) (Baku) restarted its 
450,000-t/yr Sumgait alumina refinery during the fourth quarter 
of 2011. Alumina from the refinery was to supply Detal's new 
100,000-t/yr aluminum smelter in Ganga that opened during 
2011, the 60,000-t/yr Sumgait smelter should it reopen, and 
other customers. The Sumgait refinery and smelter had been 
shut down in 2009 because of declining prices for aluminum 
(Platts Metals Week, 2011a; CRU Alumina Monitor, 2012a). 

Brazil.—Ramp up of production from the expansion of the 
Alumar alumina refinery continued throughout 2011, and the 
refinery reached a production rate of 3.45 Mt/yr during the 
fourth quarter. Production at full capacity was expected to be 
reached in the first quarter of 2012. The expansion to 3.6 Mt/yr 
from 1.5 Mt/yr had been completed in July 2009. The refinery 
was а joint venture between Alcoa Inc. (38.4%), BHP Billiton 
(36%), Alumina Ltd. (15.6%), and Rio Tinto (10%); Alcoa was 
the refinery’s operator (Rio Tinto plc, 2012a, p. 15). 

After acquiring the bauxite and alumina assets of Vale in 
Brazil, Norsk Hydro placed previously announced plans to 
expand the Paragominas Mine and construct the CAP alumina 
refinery in Barcarena under review. The proposed expansion 
would increase the capacity of the Paragominas Mine to 15 
Mt/yr from 9.9 Mt/yr. The CAP refinery would have an initial 
production capacity of 1.9 Mt/yr. The refinery was a joint 
venture between Norsk Hydro (81%), and Dubai Aluminium Co. 
Ltd. (Dubal) (19%) (Norsk Hydro ASA, 2012a, p. 25—27). 

Canada.—Orbite Aluminae Inc. (Montreal, Quebec) 
(formerly known as Exploration Orbite V.S.P.A. Inc.) completed 
construction of a pilot plant to recover alumina from aluminous 
clays near Grande-Vallee, Quebec, and successfully tested 
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the alumina as smelter feedstock. Orbite planned to construct 

а refinery to produce 540,000 t/yr of smelter-grade alumina 

that would be commissioned by yearend 2013. In addition to 
alumina, the refinery would also recover gallium, iron ore, 
manganese oxide, rare-earth elements, and high-purity silica. 
After refinery construction, the pilot plant was expected to 
continue to be used to produce high-purity alumina (Exploration 
Orbite V.S.P.A. Inc., 2011; Orbite Aluminae Inc., 2011). 

China, —Aluminum Corp. of China (Chinalco) expanded the 
capacity of its alumina refinery in Zibo, Shandong Province, 
to 2.3 Mt/yr from 2 Mt/yr. The project was started during 2011 
and was completed in September. Production was expected 
to be at full capacity by early 2012. Chinalco expanded the 
capacity of its alumina refinery in Zhongzhou, Hunan Province, 
to 3 Mt/yr from 2 Mt/yr. The project was started in May 2010, 
completed in the third quarter of 2011, and also was expected 
to be operating at full capacity early in 2012 (China Metal 
Market—Alumina and Aluminum, 2011b; CRU Alumina 
Monitor, 2011e). Chinalco completed an expansion of the 
Guangxi alumina refinery in Pingguo, Guangxi Province, which 
increased capacity to 2.5 Mt/yr from 2 Mt/yr. The expansion 
was started in November 2010 and was producing alumina 
by December 2011 (CRU Alumina Monitor, 2011g). In June, 
Chinalco started an expansion of its alumina refinery in Hejin, 
Shanxi Province, to 2.5 Mt/yr from 2 Mt/yr, which it expected 
to complete in September 2012 (China Metal Market—Alumina 
and Aluminum, 20118). 

Guangdong Galuminium Group Ltd. completed an 
800,000-t/yr alumina refinery in Qingzhen, Guizhou Province, 
Which started production in December. The company was also 
developing a mine at a nearby bauxite deposit to supply the 
refinery. The mine would have a capacity of 1.6 Mt/yr when 
completed at the beginning of 2012 (China Metal Market— 
Alumina & Aluminum, 2011g; 2012b). In September, China 
Power Investment Corp. (CPI) started construction of a bauxite 
mine in Wanchangping, Guizhou Province. The mine would 
produce 1 Mt/yr of bauxite that would supply a 1-Mt/yr alumina 
refinery being constructed in Wuchuan, Guizhou Province. 

In December, CPI started construction of a 1-Mt/yr bauxite 
mine at Dazhuyuan, Guizhou Province, also to supply the 
Wuchuan alumina refinery (China Metal Market—Alumina and 
Aluminum, 2011d; 2012a; CRU Alumina Monitor, 2011b). 

In July, Henan Hongran Aluminum Co. Ltd. started 
production from a 200,000-t/yr alumina refinery in Sanmenxia, 
Henan Province (CRU Alumina Monitor, 201 1с). Henan 
Huiyuan Chemical Engineering Co. Ltd. completed an 
e of its alumina refinery in Pingdingshan, Henan 
2011 (CRU ени Uyr from 525,000 Џуг in the first quarter of 

e ina Monitor, 20114). 

e ded = p» шот Nanshan Longkou Donghai Alumina 
Shandong Pr du : E its alumina refinery in Longkou, 
(CRU Alumina Ме, to 1.4 Mt/yr of alumina from 1.2 Mt/yr 

Td onitor, 201 Ib). 
= метав: Monta Aluminum Co. Ltd. completed 
Province, to 2.6 Mt/ iy ae iu tras 
бау рше a (Cun à 1 Mt/yr and started production 
2011i). Shan ар а] etal Market—A lumina & Aluminum, 

у! Xingan Chemical Engineering Co. Ltd. 


B 
AUXITE AND ALUMINA.... 2911 


completed expansion of its alumina refinery in Xiaoyi, Shanxi 
Province, to 2.2 Mt/yr from 1.2-Mt/yr and started production 

in June (China Metal Market—Alumina & Aluminum, 2011j). 
In January, Shandong Chiping Xinfa Group completed the 

first phase of an alumina refinery in Jiaokou, Shanxi Province. 
Production from the 1.2 Mt/yr refinery began in the fourth 
quarter of 2011. An additional 1.2 Mt/yr of alumina capacity 
was under construction and was scheduled to be completed early 
in 2012 (China Metal Market—Alumina and Aluminum, 2011k; 
Platts Metals Week, 20119). 

Shanxi Zhaofeng Aluminium Co. Ltd. continued work on 
expanding its alumina refinery in Shanxi Province to 1.1 Mt/yr 
from 400,000 t/yr. The project was expected to be completed 
in late 2012 (China Metal Market—Alumina and Aluminum, 
2012c). During the fourth quarter of 2011, Shanxi Huaxing 
Aluminum Co. Ltd. started construction of a 900,000-t/yr 
bauxite mine in Xing County, Shanxi Province, to partially 
supply an 800,000-t/yr alumina refinery also being built by the 
company (CRU Alumina Monitor, 20111). In August, Shanxi 
Tongde Aluminum Co. Ltd. started construction of a 1-Mt/yr 
alumina refinery in Yangjiawan, Shanxi Province. Further 
expansion of the refinery to 2.8 Mt/yr was planned, and a 
6-Mt/yr bauxite mine and 1-Mt/yr aluminum smelter were 
planned as part of the project. A completion schedule was 
not available. Shanxi Tongde Aluminum was a joint venture 
between Shanxi Datong Coal Mine Group, Shanxi Huayu 
Group, and Shenzhen Vimetco Investment Co. Ltd. (China 
Metal Market—Alumina and Aluminum, 201 1h). 

Yunnan Aluminum Co. Ltd. completed its 800,000-t/yr 
alumina refinery in Wenshan, Yunnan Province, late in 2011 
but delayed startup until 2012 owing to technical issues (Platts 
Metals Week, 2011c). Production of bauxite from the nearby 
mine started in August (CRU Alumina Monitor, 20114). 

Chongqing Bosai Mining Co. Ltd. delayed an expansion of 
its alumina refinery in Nanchuan, Hubei Province. The project, 
which was expected to increase capacity to 800,000 t/yr from 
500,000 t/yr, had been expected to be constructed in 2011. The 
revised construction schedule was not available (CRU Alumina 
Monitor, 2011g). 

The Chinese Government was funding research on recovering 
alumina from coal ash, citing limited, low-quality bauxite 
reserves in China for the need to research alternative sources 
of alumina (Platts Metals Week, 2011b). Two refineries were 
reportedly being constructed to recover alumina from coal ash 
as part of the program. Datang International Power Generation 
Co. Ltd. was constructing an alumina refinery in Qingshuihe, 
Inner Mongolia Autonomous Region. The project capacity and 
construction schedule were not available. China Coal Corp. was 
constructing a 100,000-t/yr alumina refinery in Pingsu, Shanxi 
Province, to be completed in the second half of 2012, with 
further expansions possible (China Metal Market—Alumina and 
Aluminum, 2011c, e). In addition to the projects which were 
part of the research program, in December, Shenhua Group 
Corp. Ltd. started construction of a refinery to recover alumina 
from coal ash in Jungar Banner, Inner Mongolia Autonomous 
Region. The refinery capacity was expected to be 1 Mt/yr and 
further expansions were proposed (CRU Alumina Monitor, 
20125). Also, Datang Inner Mongolia Recycling Resource Co. 
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Ltd. started production of alumina from coal fly ash during the 
first quarter of 2011 at a 240,000-t/yr refinery in Tuokeduo, 
Inner Mongolia Autonomous Region (China Metal Market— 
Alumina and Aluminum, 2011f). 

Fiji—Shandong Chiping Xinfa began construction of a 
bauxite mine at Nawailevu during the fourth quarter of 2011 
and expected production to start in the first quarter of 2012. The 
company planned to export the bauxite to its alumina refinery 
in Jiaokou, Shanxi Province, China (CRU Alumina Monitor, 
2011р). 

Guyana.—Production at Rusal’s 2.2-Mt/yr Kwakwani 
Mine increased by 61% compared with that in 2010 following 
completion of plant upgrades (United Company RUSAL, 2012a, 
p. 31). 

India.—In early 2011, National Aluminium Co. Ltd. (Nalco) 
completed an expansion of the alumina refinery in Damanjodi, 
Orissa, which increased the production capacity to 2.1 Mt/yr 
from 1.6 Mt/yr. Production from the expansion was near 
capacity by September. Nalco planned to increase the capacity 
of the refinery further to 2.28 Mt/yr by mid-2012. Capacity of 
Nalco’s bauxite mines was being increased to 6.83 Mt/yr from 
6.3 Mt/yr by yearend 2012 (National Aluminium Co. Ltd., 2011; 
Platts Metals Week, 2011д). 

Hindalco Industries Ltd. continued construction of the 
1.5-Mt/yr Utkal alumina refinery and an adjacent 3-Mt/yr 
bauxite mine, with production scheduled to start early in 2012. 
Hindalco planned to construct a 1.5-Mt/yr alumina refinery in 
Koraput, Orissa, by yearend 2014 to supply the 359,000-t/yr 
Aditya aluminum smelter that was being constructed in 
Lapanga, Orissa. The smelter and a 900-megawatt captive 
powerplant were expected to be completed in early 2013 
(Hindalco Industries Ltd., 2011a, b). 

Anrak Aluminium Ltd. was constructing a 1.5-Mt/yr alumina 
refinery in Rachapalle, Andhra Pradesh, to be completed by 
mid-2012. Bauxite for the refinery would be supplied from the 
Jerrela deposit, approximately 90 kilometers from the refinery 
(Anrak Aluminium Ltd., 2011). 

Indonesia.—in April, PT Aneka Tambang (Antam) started 
construction of a 300,000-t/yr chemical-grade alumina refinery 
at Tayan, West Kalimantan. The project was a joint venture 
between Antam (8096) and Japan-based Showa Denko K.K. 
(20%). Bauxite for the refinery was to come from a nearby 
deposit that was being developed. The refinery was expected 
to begin production in early 2014. Antam also planned to 
construct a smelter-grade alumina refinery in Mempawah, West 
Kalimantan, and was exploring for bauxite in several prospects 
nearby (PT Aneka Tambang, 2011; 2012, p. 127). 

Ireland. —Rusal planned to increase the capacity of the 
Aughinish alumina refinery to 2 Mt/yr from 1.89 Mt/yr by early 
2013 (CRU Alumina Monitor, 20114). 

Jamaica.—Rusal restarted production at the 600,000-t/yr 
Kirkvine alumina refinery and the 2-Mt/yr Russell Place bauxite 
mine in July, as prices rose during the year. The 1.65-Mt/yr 
Alpart alumina refinery and 5-Mt/yr Nain bauxite mine 
remained closed owing to technical difficulties and high energy 
prices. Production at both refineries and nearby mines had 
been shut down in early 2009 in response to falling prices and 
demand (Riley, 2011a; United Company RUSAL, 2011b). 
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The Government of Jamaica permitted Noranda Aluminum 
Holding Corp. to increase bauxite exports from its St. Ann Mine 
to 5.4 Mt/yr from 4.5 Mt/yr for 2 years. To enable the increase 
in exports, port facilities were expanded to accommodate larger | 
Capacity ships (Riley, 2011b). 

Kazakhstan.—Eurasian Natural Resources Corp. (ERNC) 
completed expanding the capacity of its alumina refinery to 1.7 
Mt/yr from 1.25 Mt/yr in July. Production from the new capacity 
was to supply ENRC's nearby smelter, where an expansion had | 
been completed in May 2010, in addition to other customers 
(Eurasian Natural Resources Corp., 2011). 

Montenegro.—Central European Aluminum Co.'s 
650,000-t/yr Niksic bauxite mine was shut down during the 
fourth quarter of 2011 owing to financial difficulties. The mine 
reportedly was unable to pay for fuel and also had not paid 
workers, leading to strikes (CRU Alumina Monitor, 2011g). 

Russia.—Rusal shut down production of alumina at the 
149,000-t/yr Bokitogorsk refinery in July owing to high 
operating costs (United Company RUSAL, 2012a, p. 31). Rusal 
continued to develop an underground extension of the North 
Urals Mine to replace two surface mines having a combined 
capacity of 3.4 Mt/yr that were nearing reserve depletion. 

А completion date and capacity for the expansion were not 
available (United Company RUSAL, 2012a, p. 15, 32). Rusal 
began constructing a mine to produce refractory-grade bauxite 
from the Middle Timan deposit. Production was scheduled to 
begin in 2012, and when the project is completed, the mine 
would have a capacity of 250,000 t/yr (United Company 
RUSAL, 201 1a). 

Saudi Arabia.—Saudi Arabian Mining Co. (Ma’aden) and 
Alcoa continued construction of the 4-Mt/yr Al Ba’itha bauxite 
mine and a 1.8-Mt/yr alumina refinery in Raz as Zawr that 
were expected to be completed in 2014. The mine and refinery 
were part of an aluminum complex that included a 740,000-t/yr 
smelter and a 380,000-t/yr rolling mill in Raz as Zawr that were 
expected to be completed in 2013. Ma'aden owned 74.9% of the 
joint venture, and Alcoa owned 25.196 (Alcoa Inc., 2011). 

Turkey.—Demireller Mining Co. continued working to 
expand bauxite production to 750,000 t/yr from 400,000 t/yr 
by early 2012 from its mines near Mersin. Most of the bauxite 
Demireller mined was used for cement, with small quantities 
used for abrasives. Albuck Mining Ltd. was working to expand 
production of bauxite to 350,000 t/yr from 200,000 t/yr. Albuck 
produced bauxite for abrasives, cement, steelmaking, and other 
nonmetallurgical uses (Roberts, 2011). 

Ukraine.—Rusal completed modernizing the Nikolaev 
alumina refinery, including building a fifth calcination kiln 
and reconstructing the lime kiln and captive powerplant. The 
project marginally increased capacity of the refinery. F urther 
upgrades continued although details of proposed capacity and 
a completion schedule were not available (United Company 
RUSAL, 2011c). 

Venezuela. —Production from Corporacion Venezolana de 
Guayana Bauxilum C.A.'s (Bauxilum) 6-Mt/yr Los Pijiguaos 
Mine was reduced by machinery and equipment problems 
during the first quarter of 2011. Bauxilum's 1.8-Mt/yr Ciudad 
Guayana alumina refinery imported 800,000 t of bauxite from 
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Guyana and Brazil to make up for the decreased shipments from 
the Los Pijiguaos Mine (Worldal, 2011). 

Vietnam.—State-owned Vietnam National Coal and Mineral 
Industries Group (Vinacomin) (Ha Long) was progressing 
toward opening a 600,000-t/yr alumina refinery in Tan Rai, 

Lam Dong Province. Construction had been scheduled for 
completion in September, but heavy rainfall delayed completion 
until December. Commissioning of the refinery was completed 
in April 2012. Tan Rai would be Vietnam’s first alumina refinery 
and would use bauxite from adjacent deposits. Alumina from the 
refinery was to be sold to customers in China, such as Chinalco, 
which was providing technical support in the construction of 

the refinery, and in other countries. Mining of bauxite from a 
deposit adjacent to the refinery started during 2011. Vinacomin 
was also building a 650,000-t/yr alumina refinery in Nhan Co, 
Dak Nong Province, which was to be completed in 2013 (Platts 


Metals Week, 201 1e). 
Outlook 


Consumption of bauxite and alumina were expected to closely 
follow the trend of aluminum production. Demand for bauxite 
and alumina in emerging economies was expected to increase as 
these economies continue to expand, although at a slower pace 
than in prior years. World demand for aluminum in 2012 was 
expected to increase slightly compared with demand in 2011 as 
economic expansion in China was expected to offset declines 
of aluminum consumption in Europe. However, policies aimed 
at slowing growth in China may slow the rate of growth of 
demand for aluminum in that nation, affecting bauxite and 
alumina demand. World consumption of bauxite and alumina 
for nonmetallurgical uses was expected to remain stable, with 
growth in consumption in emerging economies expected to 
offset declines in consumption in Europe. 

Consumer credit issues in the United States and Western 
Europe were expected to continue through 2012. The continuing 
uncertainty of the impact of sovereign debt issues in Europe 
also raised concerns about consumer demand. Although global 
alumina consumption was increasing during the first half of 
2012, closures of aluminum smelters announced in Australia, 
Furope, and the United States at midyear would likely decrease 
demand for alumina and bauxite in the second half of 2012. 
Alumina prices stabilized in the first half of 2012, after their 
downward trend in the fourth quarter of 2011. 

E p merging technology to recover alumina from clay and coal 
might decrease demand for bauxite in the near future if these 
на prove to be economically feasible. Exploration and 
pue пен deposits in many nations in Africa and 
У bris expected to increase supplies of bauxite and 
, 5 prices in the long term. 
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е ТАВІЕ 1 
SALIENT BAUXITE STATISTICS! 
м (Thousand metric tons) 
2007 2008 2009 2010 2011 
United States: 
ed Exports, as shipped: 
Crude and dried 15 14 9 21 22 
Calcined 8 10 21 19 31 
Imports for consumption, as shipped: 
à Crude and dried 9,840 10,500 6,970 8,120 9,540 
| Calcined 808 1,110 461 690 647 
Consumption, dry equivalent 10,200 9,550 4,960 ' 8,180 ' 8,410 
World, production 221,000" 229,000" 216,000" 235,000" 259,000 € 
“Estimated. ‘Revised. 
"Data are rounded to no more than three significant digits. 
| 
| 


ТАВГЕ 2 
SALIENT ALUMINA STATISTICS! 
(Thousand metric tons) 
| 2007 2008 2009 2010 2011 
United States: 
Production: 
Calcined alumina 3,940 € 3,900 2,130 3,420 ° 3,520 
Other alumina 665 ' 610 370 483 ' 529 
Total: | 
Аз produced or shipped? 4,610 ' 4,510 2,500 3,900 ' 4,050 
Calcined equivalent 4,370 ' 4,300 2,370 3,470 ' 3,570 
Shipments: | | 
Calcined alumina 3,890 ' 3,910 2,130 3,410 € 3,510 
Other alumina” 614° 582 365 485° 534 
Total: 
As produced or shipped? 4,510 " 4,490 2,500 3,900 ' 4,050 
Calcined equivalent 4,290 ' 4,290 2,370 3,470 ' 3,560 
Stocks, yearend^? 492 ' 642 257 381° 455 
Imports for consumption? 2,440 2,530 1,860 1,790 ' 2,280 
Exports? 1,160 1,150 946 1,520 1,730 


5,530 ' 3,660 3,610 ' 4,160 


e L зс уша 

| Consumption, аррагеп' ® 6,100 ' 
World, production? 77,700 ' 82,900 : 76,700 85,100 € 91,600 * 
"Estimated. "Revised. 


1 
Data are rounded to по more than three significant digits. 
"Tríhydrate, acti i 
n 2 е, activated, tabular, and other aluminas. Excludes calcium and sodium aluminates. 
cludes only the end product if one type of alumina was produced and used to make another type of alumina. 
xcludes consumers stocks other than those at primary aluminum plants. 
Calcined equivalent. 
Defined as domestic production plus imports minus exports plus adjustments for industry stock changes. 
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TABLE 3 
CAPACITIES OF DOMESTIC ALUMINA PLANTS, DECEMBER 31"? 


(Thousand metric tons per year) 


Company and plant 2011 2012 


Alcoa Inc., Point Comfort, TX 2,300 2,300 
1,200 1,200 


Noranda Alumina LLC, Gramercy, LA 

Ormet Corp., Burnside, LA 540 540 

Sherwin Alumina Co., Corpus Christi, TX? 1,600 1,600 
Total 5,640 5,640 


!Capacity may vary depending оп the bauxite used. 
?Data are rounded to no more than three significant digits; may not add to totals shown. 
3Owned by Glencore International AG. 


TABLE 4 
U.S. CONSUMPTION OF BAUXITE, BY INDUSTRY’ 


(Thousand metric tons, dry equivalent) 


Industry 2010 2011 
Alumina 8,050 € 8,260 
Other” ____137 ___ 132 

Total 8,180 ' 8,410 
"Revised. 


Рав are rounded to no more than three significant digits; may 
not add to totals shown. 
? Includes abrasive, chemical, and refractory uses. 


TABLE 5 
AVERAGE VALUE OF U.S. IMPORTS OF CRUDE AND DRIED BAUXITE' 


(Dollars per metric ton) 


ПИ НИ e I |; REDE 
2010 2011 


Port of ^ Delivered to Portof ^ Delivered to 
shipment U.S. ports shipment U.S. ports 


Country fas? c.i.f? ба.5.2 c.i.£? 
Brazil 28.47 48.32 31.98 48.56 
Guinea 27.78 47.92 29.77 47.01 
Jamaica 25.88 34.03 30.30 43.22 


29.41 50.60 38.87 53.85 


Jamaica 
Weighted average 
‘Computed from quantity and value data reported to U.S. Customs Service and compiled by the 


U.S. Census Bureau. Not adjusted for moisture content of bauxite or differences in methods used 
by importers to determine value of individual shipments. 


*Free alongside ship valuation. 
3Cost, insurance, and freight valuation. 
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ТАВІЕ 6 
AVERAGE VALUE ОЕ 
U.S. IMPORTS OF ALUMINA! 

(Dollars per metric ton) 
2010 2011 
Janu 384 415 
February 400 444 
March  — 418 422 
April 500 512 
May 419 454 
June 425 474 
Juy | |. 398 480 
August 352 460 
September _ 402 434 
October 393 446 
November _ 400 623 
December 394 397 
Average 407 463 


‘Metallurgical grade; cost, insurance, and freight 
valuation. Computed from quantity and 

value data reported to U.S. Customs Service and 
compiled by the U.S. Census Bureau. 


TABLE 7 


REFRACTORY GRADE BAUXITE PRICES 


(Dollars per metric ton) 


Material 
China: 


Guizhou Province, round kiln, lum 


Shanxi Province, rotary kiln, lum 
Shanxi Province, round kiln, lump 
Guyana, rotary kiln, lump 


2010! 2011! 


470-525 470—525 
495—535 495—535 
500-535 500—535 
460-510 460-510 


Port of shipment, 87% ALl,O,, free-on-board ship valuation, 


yearend. 


Source: Industrial Minerals. 


10.9 


10.10 


ТАВТЕ 8 
U.S. EXPORTS AND IMPORTS FOR CONSUMPTION 
OF BAUXITE, CRUDE AND DRIED, BY COUNTRY" 


(Thousand metric tons) 

Ba у= = MCI ПЕЛЕ 
Country 2010 2011 

Exports: 
Canada 15 13 
Germany (2) (2) 
Venezuela | (2) 
Other 6 10 
Total 21 22 

Imports: 
Brazil 1,640 1,760 
Guinea 2,130 2,340 
Jamaica? 4,300 5,140 
Other 45 300 
Total 8,120 9,540 


па 0). ЕЕ ЕЕВС. НО у^ 
Граја аге rounded to no more than three significant digits; 
may not add to totals shown. 

?Less than V^ unit. 

3Data from the Jamaica Bauxite Institute. 


Note: Total U.S. imports of crude and dried bauxite as 
reported by the U.S. Census Bureau were as follows: 
2010—5.19 million metric tons (Mt) and 2011—4.57 Mt. 


Source: U.S. Census Bureau. 


TABLE 9 


U.S. EXPORTS AND IMPORTS FOR CONSUMPTION OF CALCINED BAUXITE, BY COUNTRY' 


(Thousand metric tons and thousand dollars) 


ee eee ee ЕЕ 
| 2010 1 28 _____ 
Refractory grade Other grade Refractory grade Other grade 
Country Quantity — Value? Quantity — Value? Quantity Value? Quantity — Value? 
Exports: 
Canada 8 891 1 35 9 1,100 1 61 
Mexico _ 1 265 8 5,740 | 315 4 2.410 
Other (3) 123 ' 1 224 10 1,210 6 4,810 
Total ^4 9 1,280 ' 10 6,000 20 2,630 11 7,280 
Imports: ее у= 
Australia -- -- 85 1,910 -- -- 87 1,870 
Brazil я 167 76,000 70 3,270 | 687 6 2,030 
China | 74 34,000 3 677 41 17,300 17 7,000 
Greece -T гыт 104 ' 5,650" -— -- 26 1,410 
Guyana | 37 14,200 148 9,980 49 20,200 121 6,620 
Other Mi d 3’  170'- (3) 127 4 938 
— pui . 208" 124000: 412 * 21700" ____91 38300 _ 22 19909 


"Revised. -- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 


value at foreign port of shipment as reported to U.S. Customs Service. 
?Less than % unit. 


Source: U.S. Census Bureau; data adjusted by U.S. Geological Survey. 
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TABLE 10 
U.S. EXPORTS AND IMPORTS FOR CONSUMPTION OF ALUMINA, 
BY COUNTRY! 


(Thousand metric tons, calcined equivalent, and thousand dollars) 


2010 2011 
“ae —————————_ Е А 
Country Quantity Value” Quantity Value” 
Exports: 


Canada 719 238,000 848 328,000 
France 58 25,500 59 28,100 
Iceland 217 63,300 500 174,000 
Mexico 83 50,000 81 50,600 
Netherlands 182 60,000 76 37,600 
Norway (3) 233 30 9,600 
Other 265 287,000 139 277,000 
Total 1,520 724,000 1,730 905,000 
Imports: 
Australia 572 163,000 662 226,000 
Brazil 233 72,400 268 97,300 
Canada 62 41,600 44 36,800 
France 23 30,600 20 31,600 
Germany 81 109,000 75 109,000 
Jamaica‘ 151' 53,300 ' 418 170,000 
Suriname 488 143,000 736 259,000 
Venezuela 56 18,200 ~ 


Other 120 103,000 57 91,400 


Total 1,790 ' 734,000 * 2,280 1,020,000 
‘Revised. -- Zero. 


Data are rounded to no more than three significant digits; may not add to totals shown. 
*Value at foreign port of shipment as reported to U.S. Customs Service. 
*Less than ^^ unit. 

*Data from the Jamaica Bauxite Institute. 


Source: U.S. Census Bureau. 
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(Thousand metric tons) 

ona шыч a = == шн р РА 

Country 2007 2008 2009 2010 2011° 
Australia 62,398 61,389 65,231 68,414 69,976 ? 
Bosnia and Herzegovina 867 1,018 556 828 ' 830 
Brazil 25,461 28,098 28,060 ' 31,700" 31,800 
China* 30,000 35,000 40,000 44,000 45,000 
Dominican Republic 500 400 -- -- - 
Ghana 748 796 ' 490 ' 512' 400 ? 
Greece 2,126 2,176 2,100 2,100 2,100 
Guinea‘ 18,519 18,400 15,600 17,400 17,593 ? 
Guyana‘ 2,239 ' 2,109 ' 1,485 ' 1,083 ' 1,818 3 
Hungary 546 511 317 365 ' 400 
India 20,343 21,210 16,000 18,000 19,000 
Indonesia 18,700 € 20,800 ' 16,000 ' 23,500 ' 37,100 
Iran 500 500 500 500 500 
Jamaica*? 14,568 14,363 7,817 8,540 10,189 ? 
Kazakhstan 4,963 5.160 5,130 5.310 5.495 ? 
Malaysia 157 295 263 124 ' 188 ? 
Montenegro 667 672 46 61 60 
Mozambique 9 5 4 9* 13 
Pakistan 27 25' 12" 32' 28 
Russia 5,775 5,675 5,775 5,520 ' 5,890 ? 
Sierra Leone 1,169 954 757 1,089 1,457 3 
Suriname 5,054 5,200 5,388 ' 3,104 á 4,000 
Tanzania 5 21 123 130 130 
Turkeys ____________ 344 350 * 200 ° 350 ° 300 
UnitedStates — — — — 1. NA NA NA NA NA 
Venezuela 5,323 ' 4,192 ' 4,267 ' 2,500 4,500 
Vietnam" 80 80 80 80 600 
ur MEE ЕНЕН 221,000 ' 229,000 ' 216,000 ' 235,000 ' 259,000 


TABLE 11 
BAUXITE: WORLD PRODUCTION, BY COUNTRY"? 


*Estimated. "Revised. NA Not available. -- Zero. 

World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
2Table includes data available through July 9, 2012. 

Reported figure. 

*Dry bauxite equivalent of crude ore. 

Bauxite processed for conversion to alumina in Jamaica plus kiln-dried ore prepared for export. 


Spublic-sector production only. 
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TABLE 12 
ALUMINA: WORLD PRODUCTION, BY COUNTRY "^ * 


(Thousand metric tons) 


“country. 200 | 20088 | 200 | 200 20" _ 
“Australia ^  — —  — 1884 19321 19,48 19956 19399" _ 
Azerbaijan 185 165 80 ^* - 5 
Bosnia and Herzegovina 304 294 192 ' 269 ' 270 
Brazil 7,078 7,822 8,618 ' 9,433 ' 10,300 
Сапада 1,300 1,370 1,125 1,301 1,363 * 
China’ 19,500 22,800 23,800 29,000 34,100 
France* 600 * 630 348 481 524 ^ 
Germany 1,388 1,395 1,154 1,485 1,405 * 
Greece 750 750 780 760 800 
Guinea 527 593 530 597 574 * 
Hungary 301 299 185 214° 250 
India‘ 3,000 * 3,820 ' 3,900 ' 3,640 ' 3,880 
Iran 250 200 250 270 270 
Ireland 1,803 1,890 1,245 1,850 1,927 * 
Italy 1,069 1,045 92 = — 
Jamaica 3,941 3,996 1,774 1,591 1,960 ° 
Japan*? 300 320 310 300 280 
Kazakhstan 1,537 1,600 1,608 1,639 ' 1,670 * 
Montenegro 240 220 59 -- a 
Romania 23 -- 44 414 484 
Russia 3,333 3,112 2,794 2,857 2,825 * 
Spain* 1,200 ' 1,200 ' 1,000 ' 1,100 ' 1,200 
Suriname 2.270 2,153 € 1,178 1,536 ' 1,500 
Turkey" 160 160 100 " 160 160 
Ukraine 1,656 1,673 1,524 1,534 1,601 * 
United States 4,370 ' 4,300 2,370 3,470 ' 3,570 * 
Venezuela? 1,800 ' 1,800 ' 1,700 € 1,250 ' 1,300 
Total 77,700 ' 82,900 ' 76,700 85,100 ' 91,600 


"Estimated. "Revised. -- Zero. 
Figures represent calcined alumina ог the total of calcined alumina plus the calcined equivalent of hydrate when available; 


exceptions, if known, are noted. 
*World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


*Table includes data available through July 9, 2012. 


“Reported figure. 
5Data presented are for alumina used principally for specialty applications. Information on aluminum hydrate for all uses is 


not adequate to formulate estimates of production levels. Production of aluminum hydroxide, in metric tons: 2007— 700,000; 
2008—700,000; 2009—710,000; 2010— 700,000; and 2011—-690,000. 
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BERYLLIUM 


By Brian W. Jaskula 


Domestic survey data and tables were prepared by Eraina C. Dixon, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


U.S. mine shipments of beryllium ore in 2011 increased 
by 31% from those of 2010, and ore consumption for the 
production of beryllium hydroxide increased by 25% (table 1). 
Defense Logistics Agency, DLA Strategic Materials of the 
U.S. Department of Defense (DOD) offered and sold selected 
beryllium materials from the National Defense Stockpile 
(NDS). On the basis of estimated contained beryllium, total 
U.S. imports and exports of beryllium materials were lower than 
those of 2010. | 

Beryl is frequently stockpiled Тог later processing. China 
is thought to be a significant producer, but does not report its 
beryl production. As a result, world production and the U.S. 
share of world production have a high degree of uncertainty. In 
2011, estimated world beryllium mine production increased by 
28% compared with that of 2010 (table 4). The United States 
accounted for about 91% of estimated world production. 

Beryllium is gray in color and one of the lightest metals. 

Its other physical and mechanical properties—outstanding 
stiffness-to-weight and strength-to-weight ratios, one of the 
highest melting points of all light metals, high specific heat, 
excellent thermal conductivity, outstanding dimensional 
stability over a wide range of temperatures, reflectivity, the 
lowest neutron absorption cross section of any metal and a 
high neutron-scattering cross section, and transparency to 

х rays—make it useful for many applications. Beryllium is 
used primarily as beryllium-copper alloys, beryllium oxide 
ceramics, and beryllium metal in a wide variety of products such 
as bearings and bushings, computer chip heat sinks, contacts 
and connectors, disc brakes, highly conductive and strong 
wire, mirrors, protective housings, switches and relays, and 
X-ray windows. Industries that use beryllium products include 
aerospace, automotive, computer, defense, electronics, marine, 
medical, nuclear, and telecommunications industries. 

High-purity beryllium was ruled both a strategic and a 
critical material by the U.S. Department of Defense Strategic 
Materials Protection Board. The Board found that domestic 
beryllium production capabilities had abated and required the 
DOD to continue to take special actions to maintain a long-term 
domestic supply (U.S. Department of Defense, Office of the 
Secretary, 2009). 

Only two beryllium minerals are of commercial importance 
for the production of beryllium. Bertrandite, which contains 
less than 1% beryllium, is the principal beryllium mineral 
mined in the United States. Beryl, which contains about 4% 
beryllium, is the principal mjneral mined in the rest of the 
world. Aquamarine, bixbite, emerald, goshenite, heliodor, and 
morganite are gem forms of the mineral beryl. More information 
on gem-quality beryl and chrysoberyl can be found in the 
Gemstones chapter of the U.S. Geological Survey (USGS) 
Minerals Yearbook, volume I, Metals and Minerals. 
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Legislation and Government Programs 


Defense Production Act.—DOD, under its Defense 
Production Act Title III Program with Materion Corp., continued 
with phase 2 of its Technology Investment Agreement for the 
construction and startup of a $90.3 million primary beryllium 
facility in Elmore, OH. The objective of the partnership between 
DOD and Materion was to ensure a long-term domestic supply 
of primary beryllium, the feed material used to make beryllium 
metal products. Materion was to provide assets, research and 
development, and technology valued at approximately $23.2 
million to the project, with the remaining balance to be funded 
by DOD. Construction was completed in early 2011, while 
startup of the facility continued throughout the year. Plant 
capacity was reported to be 73 metric tons per year (t/yr) of 
high-purity beryllium metal, and approximately two-thirds 
of the facility's output was to be allocated for defense and 
government-related end uses, with the remaining output going to 
the private sector (Metal Bulletin, 2010; Materion Corp., 2012a, 
p. 4). 

National Defense Stockpile.—The United States maintained 
a stockpile of strategic materials for use during a national 
emergency. As of December 31, 2011, the NDS goal for 
hot-pressed beryllium metal powder was 45 metric tons (t) 
(table 2). The Annual Materials Plan for fiscal year 2011, which 
represented the maximum quantities of beryllium materials that 
could be sold from October 1, 2010, through September 30, 
2011, was 47 t of beryllium metal. The DLA shipped 22 t of 
beryllium metal in 2011. NDS calendar yearend inventories of 
beryllium materials are listed in table 2 (U.S. Department of 


Defense, 2012, p. 6). 


Production 


Domestic production and consumption statistics for 
beryllium-containing ores, as listed in tables 1 and 4, were 
based on data collected by the USGS by means of two voluntary 
surveys of U.S. operations. A small number of unidentified 
producers may have shipped negligible quantities of byproduct 
beryl, but these have not been included. In 2011, domestic mine 
shipments were greater than those of 2010. 

The United States is one of only three countries known to 
process beryllium ores and concentrates into beryllium products 
Materion converted bertrandite from open pit mines in the | 
Topaz-Spor Mountain region of Juab County, UT, along with 
imported beryl, into beryllium hydroxide at its Operations near 
Delta, UT. Some of the beryllium hydroxide was Shipped to 
Elmore, where Materion converted it into beryllium-copper 
master alloy (BCMA), metal, or oxide, and some was Sold to 
NGK Insulators, Ltd. of Japan. 


As part of its effort to become a vertically integrated supplier 
of beryllium products, IBC Advanced Alloys Corp. (Vancouver, 
British Columbia, Canada) continued to focus on three distinct 
business areas in 201 1—beryllium exploration, downstream 
manufacturing of beryllium products, and beryllium research. In 
November, IBC completed the first phase of a drilling program 
at its prospective beryllium property in Juab County, UT, which 
is adjacent to Materion's beryllium mine at Spor Mountain. The 
first phase of the program was designed to test the presence and 
concentration of fluorite bertrandite to begin quantifying IBC's 
beryllium resources. Laboratory results were expected in early 
2012 (IBC Advanced Alloys Corp., 2012, p. 10-11). 

IBC manufactured downstream beryllium products at plants 
located in Franklin, IN, New Madrid, MO, Royersford, PA, 
and Wilmington, MA. In June, IBC signed a memorandum 
of understanding with JSC Ulba Metallurgical Plant (UMP), 
which was part of Kazakhstan's National Atomic Company 
Kazatomprom JSC, to renew and extend multiyear supply 
agreements for the delivery of beryllium metal and beryllium 
master alloys from UMP. IBC previously signed long-term 
beryllium supply agreements with UMP agreeing to 
multiple-year supply commitments for beryllium metal and 
BCMA, to explore mutually beneficial strategic partnerships 
between the two companies, and to assess the feasibility of 
a Kazakhstan-based high-volume beryllium oxide (BeO) 
production facility to support IBC's beryllium-enhanced nuclear 
fuel initiative (IBC Advanced Alloys Corp., 2012, p. 3—5). 

In April, IBC renewed its collaborative research agreements 
with Purdue University and Texas A&M University to continue 
investigating a new type of BeO-enhanced nuclear fuel. IBC 
previously funded a 2-year, $500,000 research project by Purdue 
University's Department of Nuclear Engineering to investigate 
the possibility of producing a longer lasting, more efficient, and 
safer nuclear fuel by the addition of BeO to the uranium oxide 
pellet. Currently produced uranium oxide fuels, while stable 
and safe, are not efficient at conducting heat, which limits the 
power generated and causes fuel pellets to crack and degrade 
prematurely, necessitating replacement before the fuel has been 
entirely used. The addition of BeO may help cool the fuel pellet, 
allowing it to operate at a lower temperature and be used for 
a longer time, resulting in a more efficient burning of the fuel. 
A lower temperature would also allow for safer, more flexible 
reactor operation. If successful, the BeO-enhanced nuclear fuel 
pellet could increase demand for beryllium substantially. In 
2011, IBC also entered into a memorandum of understanding 
with Global Nuclear Fuel Americas, LLC (GNF-A) (a joint | 
venture between General Electric Co., Hitachi Ltd., and Toshiba 
Corp.) to apply BeO-enhanced nuclear fuel pellet technology to 
boiling water reactor fuel at GNF-A's fuel fabrication plant in 
Wilmington, MA (Mandel, 2008; Venere and Sequin, 2008; IBC 
Advanced Alloys Corp., 2012, p. 6-7). 

In October, junior mineral exploration company BE Resources 
Inc. (Toronto, Ontario, Canada) placed its Warm Springs 
Beryllium Project in New Mexico on care-and-maintenance 
status. Assays from 13 exploration boreholes revealed grades of 
beryllium oxide well below the cutoff grades determined from 
the company's beryllium oxide benchmarking project 


(BE Resources Inc., 2011). 
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Environment 


Because of the toxic nature of beryllium, various 
international, national, and State guidelines and regulations 
have been established regarding beryllium content in air, water, 
and other media. Industry must maintain careful control of the 
quantity of beryllium dust, fumes, and mists in the workplace. 
Contro! of potential health hazards adds to the final cost of 
beryllium products (Rossman, Preuss, and Powers, 1991, 

p. 277-281; Smith, Ingerman, and Amata, 2002, p. 11—15, 
193—200). 


Consumption 


U.S. apparent consumption of all beryllium materials, as 
calculated from mine shipments, net trade, and changes in 
Government and industry stocks, was estimated to be about 
333 t of contained beryllium in 2011, which was a decrease 
of 27% from the 456 t calculated for 2010. The decrease in 
apparent consumption was the result of decreased imports of 
beryllium metal from Russia. 

Since the closure of Materion’s primary beryllium production 
facility in Elmore in 2000, the company has met its beryllium 
metal requirements by purchasing materials from the NDS 
and foreign producers. Materion’s Beryllium and Beryllium 
Composites unit manufactured products of beryllium metal 
and two families of metal-matrix composites—one made from 
aluminum and beryllium and the other made from beryllium 
and BeO. The products, in the form of foil, rods, sheets, tubes, 
and a variety of customized shapes, were produced at plants 
in Elmore and in Fremont, CA. Beryllium product sales in this 
unit decreased slightly compared with those of 2010. Defense 
and science applications, which account for approximately 
one-half of the Beryllium and Beryllium Composites unit 
sales, decreased by 8% compared with those of 2010 owing 
to government funding delays. Sales increased, however, for 
industrial component and commercial aerospace applications 
owing to an increase in the production of x-ray window 
assemblies. Sales for energy applications increased slightly in 
2011 compared with those of 2010 (Materion Corp., 2012a, 

р. 35—36). 

Materion’s Beryllium and Beryllium Composites unit 
produced BeO ceramic products for aerospace, defense, 
electronics, medical, semiconductor, telecommunications, 
and wireless applications at its plant in Tucson, AZ. Sales of 
ceramic products decreased slightly in 2011, after increasing 
more than 50% in 2010 owing largely to increased shipments 
for applications within the telecommunications infrastructure 
market (Materion Corp., 2012a, p. 36). 

Materion’s Performance Alloys unit produced copper- and 
nickel-based alloy products, the majority of which contained 


. beryllium. Alloy strip products (which were used as connectors, 


contacts, relays, shielding, and switches) and alloy bulk 
products (including bar, plate, rod, tube, and customized forms) 
were produced at plants in Elmore and in Shoemakersville, 

PA. In 2011, the total shipment volume of alloy strip products 
decreased 7% compared with that of 2010, owing mainly to 
decreased consumption from the consumer electronics market, 
and to a lesser extent, the appliance market. The total shipment 
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volume of bulk alloy products increased by 6% compared 
with that of 2010—largely owing to increased consumption 
from the oil and gas sector of the energy market and the 
telecommunications infrastructure market (Materion Corp., 
2012a, p. 33-34). 

Materion had a long-term supply arrangement with UMP, and 
its marketing representative RWE NUKEM, Inc. (Danbury, CT) 
to purchase BCMA through 2012. In 2011, Materion purchased 
beryllium-containing materials valued at $8.8 million 
(Materion Corp., 2012a, p. 85). 

In June, as part of IBC’s effort to increase downstream 
beryllium manufacturing capabilities, the company opened its 
Wilmington, MA, manufacturing facility which was optimized 
to produce Beralcast, a castable beryllium aluminum alloy used 
in a variety of aerospace and advanced technology applications. 
In 2010, IBC acquired Beralcast Corp., a privately held specialty 
alloy manufacturing business based in Nashua, NH, which 
owned proprietary and patented technology for Beralcast alloys. 
IBC previously acquired Specialloy Copper Alloys, LLC (New 
Madrid, MO), an established specialty alloy manufacturer. 
Specialloy had significant unused manufacturing capacity, which 
was expected to be upgraded by IBC for beryllium-copper 
casting products. IBC also owned Freedom Alloys Inc. 
(Royersford, PA), a primary producer-supplier of beryllium- 
copper casting and master alloy ingot products, and Nonferrous 
Products Inc. (Franklin, IN), a specialty alloy processing 
company and manufacturer of forged copper, beryllium-copper, 
and bronze alloys (IBC Advanced Alloys Corp., 2012, p. 2-4). 

IBC teamed with Sentech, Inc., a Washington, DC-based 
clean-energy consulting company, to commercialize applications 
of beryllium and BeO in the wind energy and turbine market. 
IBC and Sentech planned to assess the feasibility of an advanced 
plasma-based method of applying a BeO coating to beryllium, 
beryllium copper, and aluminum bronze. A BeO coating on 
bearings was expected to increase the wear resistance in wind 
turbines and therefore increase reliability and reduce the costs of 
operation (IBC Advanced Alloys Corp., 2011, p. 7). 
| Other domestic producers of beryllium alloy products 
included Applied Materials Science, Inc., Concord, MA; 

NGK Metals Corp. (a subsidiary of NGK Insulators, Ltd.), 
Sweetwater, TN; and Olin Corp.’s Brass Division, East Alton, 
IL. American Beryllia Inc. produced beryllium oxide ceramic 
products at its plant in Haskell, NJ. 


Recycling 


Beryllium was recycled from new scrap generated during the 
manufacture of beryllium-containing components, as well as old 
scrap collected from end users. Detailed data on the quantities 
of recycled beryllium are not available but may represent as 
much as 20% to 25% of U.S. apparent consumption. Beryllium 
products manufactured from recycled sources by Materion 
Fequire only 20% of the energy as that of beryllium products 
manufactured from virgin sources. Materion, therefore, 
established a comprehensive recycling program for its beryllium 
Products and indicated a 40% recovery rate of beryllium new 
and old scrap (Stephen Freeman, President, International 
Business Development, Materion Corp., oral commun. 

August 2, 2012). | 


BERYLLIUM—2011 


Foreign Trade 


U.S. foreign trade in beryllium materials, as reported by the 
U.S. Census Bureau, is summarized in table 3. On the basis of 
estimated contained beryllium, beryllium exports decreased 
by 4596 compared with those of 2010. Canada, Germany, 
and the United Kingdom were the major recipients of these 
materials. On the basis of estimated contained beryllium, total 
beryllium imports decreased by 66% compared with those of 
2010. Beryllium imports in 2010, however, were atypically 
large owing to several substantial shipments of beryllium metal 
imported from Russia. Although imported from Russia, the 
beryllium metal was most likely sourced from Kazakhstan, as 
Russia is not known to produce beryllium metal and beryllium 
purchase contracts were established in 2010 between companies 
in the United States and Kazakhstan. In 2011, the leading 
suppliers of beryllium materials to the United States were Japan 
and Kazakhstan. 

Net import reliance as a percentage of apparent consumption 
is one measure of the adequacy of current domestic beryllium 
production to meet U.S. demand. Net import reliance is defined 
as imports minus exports plus adjustments for Government 
and industry stock changes. Included among those changes 
are releases from stocks, including shipments from the NDS, 
regardless of whether the materials were imported or produced 
in the United States. For 2011, net import reliance as a 
percentage of apparent consumption was estimated to be about 
29% compared with about 61% in 2010. The decrease was 
primarily the result of an increase in U.S. beryllium production 
and a decrease in beryllium imports. 


World Review 


Kazakhstan.—K azatomprom reported production of 2,233 t 
of beryllium materials (including alloys and ceramics), an 
increase of 2396 from the 1,817 t produced in 2010. The 
company’s beryllium sales revenues were 47% greater than 
those of 2010. UMP supplied about 26% of the world’s 
beryllium products in 2011, compared with 3% in 1999. UMP 
reportedly produced from stockpiled beryllium concentrate 
imported mainly from Russia. The concentrate stockpile, which 
was built up before the breakup of the Soviet Union, was 
forecast in 2003 to be sufficient to support production for about 
30 years (Metal Bulletin, 2003; McNeil, 2006; Kazatomprom 
JSC, 2012a, p. 10; 2012b, p. 29). 

In June, UMP increased the prices of its beryllium products 
by 5% to 8%. In August, UMP announced it would increase 
the prices of its beryllium products an additional 7% to 12% in 
January 2012 (JSC Ulba Metallurgical Plant, 201 la, b). 

Kazatomprom established a joint venture with Toshiba Corp. 
(Tokyo, Japan) in 2011 for the research, exploration, production 
and sales of rare metals, including beryllium. Previously, as Dart 
of Japan's efforts to reduce its dependence on crude oil from the 
Middle East, Toshiba made an agreement with Kazatomprom in 
2008 to secure supplies of rare metals and reactor components 
for Toshiba's nuclear power business. That agreement expanded 
on an existing deal under which Kazatomprom supplied 
uranium for Toshiba-built nuclear plants (Soble and Gorst 2008; 
Kazatomprom JSC, 2011). ' 
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Russia.—East Siberian Metals Corp. (a subsidiary of 
Metropol Group) and UMP completed the predesign phase 
for resuming ore mining at the Yermakovskoye beryllium 
deposit in the Siberian Republic of Buryatiya and the technical 
design of the processing plant. The new plant would produce 
beryllium hydroxide, which was expected to be delivered to 
China, Japan, and Kazakhstan for processing into beryllium 
metal and beryllium alloys. Financing of the project was to be 
shared by Metropol and the Russian state-owned corporation 
Rusnano. Yermakovskoye was considered to be the largest 
beryllium deposit in Russia. Project design work was expected 
to be completed by 2012, construction of the complex was to 
commence in 2013, and the plant was expected to reach its 
projected annual capacity by 2017 (MBC Согр., 2010; 2011). 


Outlook 


The United States is expected to remain self-sufficient with 
respect to most of its beryllium requirements. At yearend 2011, 
Materion reported proven bertrandite reserves in Juab County, 
UT, of 5.75 million dry metric tons with an average grade of 
0.265% beryllium. This represented about 15,200 t of contained 
beryllium. Materion owned approximately 95% of its proven 
mineral reserves and leased the remainder (Materion Corp., 
2012a, p. 48). 

It was expected that the 2012 U.S. shipments of beryllium- 
copper strip products and beryllium bulk products would 
decrease from those of 2011 owing to decreased demand from 
the consumer electronics and telecommunications infrastructure 
markets. Demand from the commercial aerospace, heavy 
equipment, and oil and gas markets was expected to remain 
similar to that of 2011. Decreased demand for beryllium- 
based metals and metal matrix composites was anticipated 
from commercial and defense applications, the latter owing to 
reduced government spending levels (Materion Corp., 2012b). 

Research and consulting firm Global Industry Analysts, Inc. 
predicted the worldwide beryllium market would increase 
{о 506 t of contained beryliium by 2017 owing to sustained 
consumption from the computer and telecommunications 
infrastructure markets and the increasing automotive electronics 
market. Rapid beryllium consumption from developing markets 
in Asia and Latin America was also expected (Global Industry 


Analysts, Inc., 2012). 
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TABLE 1 
SALIENT BERYLLIUM MINERAL STATISTICS 


(Metric tons of beryllium content) 


2007 2008 2009 2010 2011 


United States, beryllium-containing ores: 


Mine shipments! 
Imports for consumption, beryl? 


Consumption, reported? 
Stocks, December 31: 


190 220 150 200 250 


Industry! 100 60 30 15 10 
U.S. Government, Бегу!“ 8 (5) (5) (5) (5) 


World, ргодисНопе 2 
“Estimated. ‘Revised. -- Zero. 


204° 261 


‘Data are rounded to the nearest 5 metric tons. 


2Ваѕей on a beryllium content of 4%. 


Data are rounded to the nearest 10 metric tons. 
“Defense Logistics Agency, DLA Strategic Materials. Data Юг 2007-11 аге 


uncommitted beryl. 
*Less than % unit. 


TABLE 2 
U.S. GOVERNMENT NATIONAL DEFENSE STOCKPILE BERYLLIUM 
STATISTICS IN 2011! 


(Metric tons of beryllium content) 


Annual Uncommitted 
Stockpile Disposal ^ Materials inventory, 
Material оа? authori Plan‘ December 31 
Beryl ore -- (5) -— (5) 
Beryllium metal: 

Hot-pressed powder 45 38 - 83 $ 

Vacuum-cast -- 6 47 6 

Total 45 44 47 89 

Grand total 45 44 47 89 


-- Zero. 


"Data were converted from gross weights reported in short tons; may not add to 


totals shown. 


*Goal effective as of December 28, 2001. 


“Total quantity of material that can be disposed. 
Maximum quantity of material that can be disposed during 12-month period 


ending September 30, 2011. 
*Less than % unit. 
5Held for goal. 


Source: Defense Logistics Agency, DLA Strategic Materials. 
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ТАВГЕ 4 
BERYL: WORLD PRODUCTION, ВУ COUNTRY"? 


(Metric tons of gross weight) 

Млави ete а а ыы кыы ee Se es ысы дЫ зе за a ое ее ее 
Country’ 2007 2008 2009 2010 2011" 
China‘ 500 500 500 550 550 
Madagascar^ ^ 12 12 12 12 12 
Mozambique 31 8 45 57 45 
Portugal" 5 5 5 5 5 
United States, mine shipments” 3,810 4,410 3,030 4,460 5,920 
Total 4,360 4,940 3,590 5,090 ' 6,530 


“Estimated. ‘Revised. 
! World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not ада to totals shown. 


?Table includes data available through July 16, 2012. Unless otherwise noted, figures represent beryl ore for the production of 
beryllium and exclude gem-quality beryl. 

?In addition to the countries listed, Uganda produced Бегу! ore. Kazakhstan, Nigeria, and Russia may also have produced beryl ore, 
but information is inadequate to make reliable estimates of production. Other nations that produced gemstone beryl ore may also 
have produced some industrial beryl ore. 


“Includes ornamental and industrial products. 
‘Includes bertrandite ore, calculated as equivalent to beryl containing 11% beryllium oxide. 
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BISMUTH 
By James F. Carlin, Jr! 


Bismuth consumption in the United States was estimated to be 
715 metric tons (t), 19% less than that in 2010 (tables 1, 2). The 
estimated value of bismuth consumed domestically was $16 million 
in 2010 and $18 million in 2011. 

Bismuth was last produced domestically, as a byproduct of 
lead refining, at a Nebraska refinery that closed in 1997. The 
last stocks of bismuth in the National Defense Stockpile were 
sold that same year. In 2011, ail primary bismuth consumed 
in the United States was imported. A small amount of bismuth 
was obtained by remelting old scrap. The leading producers 
of refined bismuth in 2011 were, in descending order, China, 
Mexico, Belgium, and Peru. Belgium had no bismuth mine 
production, and its sole bismuth producer refined metal from 
imported anode slimes, concentrates, smelter residues, and 
flue dust. The principal suppliers to the United States were, in 
descending order by weight, China, Belgium, Kazakhstan, the 
United Kingdom, and Canada. 

In recent years, new uses for bismuth as a nontoxic substitute 
for lead have been developed. These include the use of bismuth 
in Shot for water fowl hunting, lubricating greases, pigments, 
and solders. 

The annual average dealer price for bismuth in 2011 was 
$11.47 per pound, an increase of 31% from that in 2010. 
Industry observers attributed the Price increase to a moderate 
Increase in global demand combined with a slight decrease in 
global bismuth refinery production. 


Production 


Domestic production of primary refined bismuth ceased in 
1997. Some domestic firms continued to remelt bismuth alloy 


scrap. Secondary production was estimated to be less than 5% 
of domestic Supply during 2011. 


Consumption 


E bismuth pharmaceutical Compounds. Other applications of 
muth chemicals and compounds included uses in 


—_ 
‘Deceased. 
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Superconductors and pearlescent pigments for cosmetics and 
paints. 

Bismuth metal was used primarily as a major constituent of 
various alloys and as a metallurgical additive (table 2). One 
class of bismuth alloys consists of fusible (low-melting-point, as 
low as 20° C) alloys, which ate combinations of bismuth with 
other metals, such as antimony, cadmium, gallium, indium, lead, 
and tin. Applications for those alloys included fuel tank safety 
plugs, holders for optical lenses and other articles for machining 
or grinding, solders, and fire sprinkler triggering mechanisms, 
Bismuth was also added in small amounts to aluminum and 
copper alloys to improve machinability and to malleable {гоп 
graphite flakes to improve quality. 

In addition to lead-free glasses, pigments, shot and solder, 
bismuth has been a substitute for lead added to certain steel 
products to provide greater machinability. Although bismuth has 
been used successfully to replace lead in various applications, it 
has been challenged as a lead substitute by tin and tungsten in 
some applications. 


Price 


In 2011, the average Platts Metals Week New York dealer price 
for bismuth rose to $11.47 per pound, an increase of 31% from that 
in 2010. The weekly average bismuth price range started 2011 at 
$9.10 to $9.60 per pound, increased to $11.50 to $11.70 per pound 
by midyear, and was at $11.50 to $12.00 per pound at yearerid. 
The price rise during the year was attributed to a moderate increase 
in global consumption combined with a small decrease in global 
refinery output. 


Foreign Trade 


U.S. exports of bismuth alloys, metal, and waste and scrap 
were 1,030 t, a slight decrease from that in 2010. U.S. imports 
of bismuth metal were 1,750 t, an increase of 8% compared 
with that in 2010. The leading import source was China, which 
supplied 56% of the United States imports. 


World Review 


Bismuth was produced principally as a byproduct of the 
smelting of lead ores. In China, however, it was also a byproduct 
of fluorspar, tin, and tungsten ore processing. In Bolivia, the 
Tasna Mine, the only mine in the world known to have produced 
bismuth from bismuth ore, has been on standby since the 
mid-1990s, awaiting a sustained rise in the metal price. 

World refinery production of bismuth was 15,700 t, a 
3% decrease from that in 2010. China was the world’s leading 
producer of refined bismuth with 80% of the world total, 
followed by Mexico (6%) and Belgium (5%). 
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Fortune Minerals Ltd. (London, Ontario, Canada) reported 
that its NICO gold-cobalt-bismuth-copper project in the 
Northwest Territories had moved to the next stage of the 
environmental assessment process after passing conformity 
tests in August and meeting obligations of the information 
request stage in December. The MacKenzie Valley Review 
Board continued conducting an environmental assessment. 

The 31-million-metric-ton deposit was planned to be 

developed using open pit and underground mining with an ore 
processing rate of 4,560 metric tons per day (t/d) during an 

` 18-year mine life. Fortune planned to produce about 180 t/d 

of bulk concentrate for shipment to the company’s proposed 

hydrometallurgical refinery near Saskatoon, Saskatchewan. 

Fortune expected to be a supplier of 99.5% bismuth cathode and 

99.99% bismuth ingot as well as cobalt, copper, gold, and nickel 

products (Fortune Minerals Ltd., 2011). 


Outlook 


Prior to the onset of the 2008 global recession, world bismuth 
consumption had been increasing at about 3% to 5% per year. 
However, the ongoing global economic slowdown led to a 
substantial contraction in consumption. World consumption of 
bismuth in the steel sector has decreased, although the decrease 
was relatively minor compared with that in other use sectors. 

Most of bismuth’s end uses, especially its use as a 
metallurgical additive, are in the industrial sectors of the 
economy. An increase in demand will likely depend on 
economic growth in the world’s industrialized emerging nations. 

Commercial and research organizations in Europe, Japan, and 
North America have agreed to a framework to eliminate lead 
from solders in manufacturing. This agreement could increase the 
demand for bismuth—bismuth is already used in some solders. 
Many Japanese manufacturers were using lead-free solders in 


some or all of their soldering applications, and studies on 
lead-free solders were being performed independently by 
researchers in the European Union, Japan, the Republic of Korea, 
and the United States. 

Primary lead mine production was expected to increase 
worldwide, in 2011 and 2012, by 9%, and 5%, respectively; 
although bismuth byproduct is produced from only a few of the 
world’s lead mines; despite potential increases in world demand, 
supplies from China can be expected to help stabilize the 
bismuth market, unless China decides to restrict bismuth exports 
as it had done in the past for some other materials. 
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TABLE 1 
SALIENT BISMUTH STATISTICS! 
ЕЕ ЕЕ SS Нива 
2007 2008 2009 2010 2011 

United States: | | 

Exports” do. 421° 375 ' 397 ' 1,040 ' 1,030 

Imports for consumption do. 3,070 ' 1,930 ' 1.250 ' 1,620 ' 1,750 

Price, average, domestic dealer dollars per pound 14.07 12.73 7.84 . 8.76 1 тып 

Stocks, December 31, consumer metric tons 139 228 134 134 


_ Stocks December3l,consumer metric tons _____ 057 = O OO MM 


World production:” ? 
do. 


6,400 " 7,660 ' 7,590 ' 7,820 ' 8,330 


Mine, metal content’ 


Refinery do. 15,400 ' 


Estimated. "Revised. do. Ditto. 
Граја are rounded to no more than three significant digits. 


16,400 ' 15,300 ' 16,200 ' 15,700 


2 Comprises bismuth metal and the bismuth content of alloys and waste and scrap. 


3Data are rounded to no more than two significant digits. 
‘Excludes the United States. 
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ТАВГЕ 2 
ESTIMATED BISMUTH METAL CONSUMED 
IN THE UNITED STATES, BY USE! 
(Kilograms) 

Use • 2010 2011 
Chemicals? 589,000 W 
Bismuth alloys 62,000 60,300 
Metallurgical additives 231,000 222,000 
Other 2,800 € W 

Total 884,000 715,000 


"Estimated. "Revised. W Withheld to avoid disclosing 
company proprietary data; included in “Total.” 
"Data are rounded to no more than three significant 


Др 
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digits; may not add to totals shown. 
"Includes industrial and laboratory chemicals, 
cosmetics, and pharmaceuticals. 


Country 
Argentina 
Australia 
Austria 
Belgium 
Brazil 
Canada 
China 
Colombia 
Costa Rica 


Dominican Republic 


France 
Germany 
Guatemala 
Hong Kong 
India 

Japan 
Mexico 
Singapore 
Taiwan 
Thailand 
United Kingdom 
Vietnam 
Other 


TABLE 3 
U.S. EXPORTS OF BISMUTH METAL, ALLOYS, AND WASTE AND SCRAP, 
BY COUNTRY! 
2010 2011 
Quantity Quantity 
(kilograms, Value (kilograms, Value 
metal content) — (thousands) metal content) (thousands) 
391 $19 52 $11 
934 11 -- -- 
20,000 190 -- - 
14,800 255 -- -- 
10,600 96 12,200 111 
41,400 947 20,700 480 
26,400 240 28,000 253 
743 27 1,240 11 
12,500 130 11,600 120 
-- -- 570 12 
215,000 ' 2,130 " 44,100 400 
73,500 668 9,320 85 
1,090 7 -- -- 
9,260 84 1,490 20 
644 8 1,960 27 
4,160 106 21,900 240 
100,000 1,160 219,000 2,410 
2,060 54 9,690 135 
526 13 1,770 20 
21,700 200 10,900 200 
1,320 29 7,810 107 
480,000 " 6,300 ' 621,000 5,660 
483 63 ' 10,900 74 
1,040,000 " 12,700 " 1,030,000 10,400 


Тога! 
"Revised. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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ТАВГЕ 4 
U.S. IMPORTS FOR CONSUMPTION OF METALLIC BISMUTH, BY COUNTRY! 


2010 2011 
Quantity Value Quantity Value 
Country (kilograms) (thousands) (kilograms) (thousands) 
Belgium 674,000 $12,900 713,000 $17,300 
Canada 21,300 339 11,600 285 
China 875,000 15,400 974,000 22,100 
Germany 4,090 205 824 49 
Hong Kong 297 2 -- =- 
Italy 200 45 -— -- 
Japan 3 4 -- — 
Kazakhstan 10,000 195 26,700 627 
Korea, Republic of 40 3 135 7 
Mexico 373 75 60 3 
Netherlands 15 3 -— — 
Реги 455 8 -- -- 
Киззја 499 65 -- - 
United Kingdom 35,800 761 22,700 666 
Other =- — 5 2 
Тога! 1,620,000 30,100 1,750,000 41,100 
— Zero. 


"Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 


TABLE 5 
BISMUTH: ESTIMATED WORLD MINE AND REFINERY PRODUCTION, BY COUNTRY"? 


(Metric tons) 
Mine Refinery 
Country 2007 2008 2009 2010 2011 2007 2008 2009 2010 2011 
Belgium Ки те -- -- -- 500 ' 500 ' 500 ' 500 ' 500 
Bolivia’ 147 28 54 87 100 s 92 73 - - 
B ] > 414 6 "4 __ 1,4 3 84 3 4 4 5 6 ^5 r5 375 3? 
ulgaria 
UNT 137 3 71 86 3 91 92 P 200 150 150 ? 150 150 
China 3,500 5,000 6,000 6,500 7,000 12,100 13,100 12,300 13,000 TS 
25 es == 5 -- 5 5 5 5 
E e ad -' --' -- 408? 4803 4232 454"? 460 
2 г TM. T 150 r 150 
Kazakhstan 145 150 --' --' -- -- Р 90 аи 
Mexico | 1,170 "4 1,130^* 854“ 95254 9354 11707? 1,132" 854 952 ^ | 
1,110 54. 1,060^* 4234 — 54 -- P 1,114 "3 1,06173 423"? „кз = 
Peru a 40 Cf AE. Т EN 30 30 10° 10° » 
= = 55 70 65 50 45 12 13 12 10 


6,300 ' 


7,500 ' 


7,500 ' 


7,700 ' 


8,200 


16,000 


17,000 


15,000 15,000‘ 15,000 


"Tow 63007 7500" 7,500" 7,700" 8200 16000 17000 15000 _ 15,000" 15,000 
PPreliminary. 'Revised. -- Zero. 


Esti ded to no more than three significant digits. 

Estimated data are rounde 7 | | — 
2таЫе includes data available through April 30, 2013. Bismuth is produced as a byproduct of mining and processing other metals, eared eae mat 
Not all mines that produce ores containing recoverable bismuth report their production. Therefore, some bismuth production may only be acc 
the refinery level. 

Reported figure. | 
*Mine production not reported and assumed to be equal to reported refinery production. 


> | ion estimated from reported exports. 

Refinery production es 
SFigures listed under mine output are the metal content of concentrates produced. 
"World totals are rounded to no more than two significant digits. 
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BORON 
Robert D. Crangle, Jr. 


Domestic survey data and tables were prepared by Christopher H. Lindsay, statistical assistant, and the world production 
table was prepared by Lisa D. Miller, international data coordinator. 


U.S. consumption of minerals and compounds reported 
in boron oxide continued to increase in 2011; quantities are 
withheld to avoid disclosing company proprietary data (table 1). 
Turkey and the United States were the world’s leading producers 
of boron minerals (table 6). World production of boron minerals 
increased in 2011 to an estimated 4.55 million metric tons (Mt) 
compared with 4.05 Mt in 2010 (excluding U.S. production). 
The United States exported 235,000 metric tons (t) of boric acid, 
a decrease from 264,000 t in 2010. In 2011, 492,000 t of sodium 
borates was exported, an increase from 423,000 t in 2010 
(tables 1, 4). Boron imports consisted primarily of borax, boric 
acid, colemanite, and ulexite (tables 1, 5). 

Elemental boron is a metalloid that had limited commercial 
applications. The main applications were as a doping agent in 
the manufacture of semiconductors and as an ignition source in 
airbags. The global consumption rate of elemental boron was 
estimated to be 15 metric tons per year (t/yr). Boron compounds, 
chiefly borates, are commercially important; therefore, boron 
products are priced and sold based on boric oxide content 
(B,O,), which varies by ore and compound, and on the absence 
or presence of sodium and calcium (table 2). Borax, one of the 
most important boron minerals for industrial use, is a white 
crystalline substance chemically known as sodium tetraborate 
decahydrate and is found in nature as the mineral tincal. Boric 
acid, also known as orthoboric acid or boracic acid, is a white, 
colorless crystalline solid sold in technical, national formulary, 
and special quality grades as granules or powder. Colemanite 
(hydrated calcium borate), kernite (hydrated sodium borate), 
tincal, and ulexite (hydrated sodium calcium borate) were the 
minerals of most commercial importance in the United States 
(table 2). 


Production 


Four minerals make up 90% of the borates used by industry 
worldwide: the sodium borates tincal and kernite, the calcium 
borate colemanite, and the sodium-calcium borate ulexite. 
Borate deposits are associated with volcanic activity and arid 
climates, and the largest borate deposits are located in the 
Mojave Desert of the United States, the Alpide belt in southern 
Asia, and the Andean belt of South America. As a result, most 
borates were extracted primarily in California and Turkey and 
to a lesser extent in Argentina, Bolivia, Chile, China, and Peru. 
Boron compounds and minerals were produced by surface and 
underground mining and from brine. 

р Domestic data for boron were derived by the U.S. Geological 
he from a voluntary survey of two U.S. producers—Rio 
“ey тоџр 5 U.S. Borax Inc. and Searles Valley Minerals, 
ud i Both companies responded; however, data were 

eld to avoid disclosing company proprietary data (table 1). 
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SVM, acquired by the Indian company Nirma in 2007, 
produced borax and boric acid from brines containing potassium 
and sodium borates that were extracted from three salt layers, 
up to 100 meters (m) deep, in Searles Lake, located near Trona 
in San Bernardino County, CA. SVM’s Trona and Westend 
plants refined the brines, producing anhydrous, decahydrate, 
and pentahydrous borax. These brines also supplied other 
commercial salts in addition to sodium borates and boric acid. 
The Trona plant has a reported capacity of 27,500 t/yr В,О,, and 
the Westend plant has a reported capacity of 82,300 t/yr В,О,. 

Rio Tinto Borax (а wholly owned subsidiary of United 
Kingdom-based Rio Tinto Minerals) mined mainly tincal and 
kernite at Boron, CA, by open pit methods, and the ore was 
transported by truck to a storage area. The tincal had an average 
grade of 25.3% В,О, and the kernite had an average grade 
of 31.9% B,O,. Boric acid and refined sodium borates were 
produced at an onsite processing plant. Refined borate products 
were shipped by railcar or truck to North American customers 
or to the company’s Wilmington, CA, facility and exported 
from the Port of Los Angeles. Specialty borate products were 
made at the Wilmington plant. According to a U.S. Securities 
and Exchange Commission report filed by Rio Tinto Borax, 
the company produced 504,000 t of borates in 2011, a slight 
increase from the 500,000 t reported in 2010 (Rio Tinto р/с, 
2012, p. 22). Rio Tinto’s production of borates during the third 
quarter of 2011 was reported at 127,000 t, a decrease of 10% 
from 141,000 t that was mined during the same quarter of 2010, 
as a result of scheduled maintenance at its Boron, CA, mine 


(Watts, 2011). 
Consumption 


In 2011, U.S. imports for consumption of borax, boric acid, 
colemanite, and ulexite were’82,000 t, a 19% decrease from 
101,000 t imported in 2010. The first reported use of borax was 
as a Них or bonding agent by Arabian gold- and silversmiths in 
the eighth century, but current research suggests Babylonians 
may have used it 4,000 years ago. Today, there are more than 
300 end uses for borates, but the majority of the world’s supply 
is sold and distributed for end uses related to agriculture, 
ceramics, detergents, ferroboron, fire retardants, and glass 
(Garrett, 1998; Hamilton, 2006). 

Agriculture.—Fertilizers represented the third largest 
application of borates. Boron was the most widely used 
micronutrient, applied primarily to promote fruit and seed 
production. Boron fertilizers were mostly sourced from borax, 
boric acid, and calcium borate owing to their high water 
solubility; thus, boron fertilizers can be delivered through sprays 
or irrigation water. Domestic consumption of boron fertilizers 
was estimated to be approximately 2% of total U.S. fertilizer 


consumption. 
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Boron is essential for plant uptake of primary and secondary 
nutrients, such as calcium, manganese, magnesium, phosphorus, 
and zinc. It influences the transport of nutrients through plant 
membranes, which directly correlates into improved fruit 
development, germination, plant reproduction, and pollen 
production. Normal plant leaves typically contain 25 to 100 
parts per million of boron, with 1 kilogram per hectare of boron 
(1 pound per acre) in soil being adequate to maintain these 
levels. U.S. boron deficiencies in crops are found primarily in 
the Atlantic coastal plains, Great Lakes region, and the coastal 
Pacific Northwest, where soils tend to be acidic, leached, coarse 
sandy, or organic in nature. Excessive boron fertilization, on 
the other hand, can cause crop toxicity, which studies suggested 
was more often caused by higher boron levels in irrigation water 
than those in soil (Troeh and Thompson, 2005, p. 489). 

Ceramics.—Ceramics comprise the second largest 
application of borates after glass, accounting for 10% of world 
consumption. Borates play an important role in ceramic glazes 
and enamels, increasing chemical, thermal, and wear resistance. 
Borax and colemanite are used in ceramics primarily as fluxing 
agents, with borax being used in higher temperature, and 
colemanite in lower temperature firings. Borates are also used in 
technical ceramics, an industry with applications in aerospace, 
ballistics, electronics, and medicine, which experienced strong 
growth during the past decade. The amount of B,O, used in 
glazes varies between 8% and 24% and the amount used in 
enamels is between 17% and 32% by weight. 

Boron carbide is a key ingredient in lightweight ceramic 
armor, the use of which increased United States and European 
consumption of boron carbide during the past few years. Small 
arms protective inserts, used by the U.S. military, are boron 
carbide ceramic plates inserted into Kevlar flak jackets to 
protect against high-velocity projectiles (Industrial Minerals, 
2008b). 

Detergents and Soaps.—The use of borates in detergents and 
soaps represented the fourth largest market, accounting for 4% 
of world consumption. Borates were incorporated into laundry 
detergents, soaps, and other cleaning products because they can 
be used as alkaline buffers, enzyme stabilizers, oxygen-based 
bleaching agents, and water softeners. Two borates, sodium 
perborate and perborate tetrahydrate, were used as oxidizing 
bleaching agents because they contain true peroxygen bonds. 
Hydrogen peroxide, a very effective bleaching agent, is 
produced when sodium perborate undergoes hydrolysis while 
in contact with water. Because hydrogen peroxide cannot be 
effectively incorporated into detergents, sodium perborate 
acts as its carrier (Rio Tinto Borax, 2005). Sodium perborate, 
however, requires hot water to undergo hydrolysis, and concerns 
have emerged over excessive boron levels in waterways owing 
to sodium perborate in detergents. Sodium percarbonate 
has been used as a substitute primarily in Europe because 
it produces hydrogen peroxide at lower temperatures. This 
substitution has affected boron consumption. | | 

Ferroboron.—Ferroboron (ЕеВ) is a binary alloy of iron with 
a boron content between 17.5% and 24% and is the lowest cost 
boron additive for steel and other ferrous metals. On average, 
the steel industry consumes more than 50% of the ferroboron 
produced annually (Eti Holding Inc., 2003, p. 8). Boron steel, 
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containing nearly 0.008% ferroboron, possesses a higher 
strength and lighter weight than that of average high-strength 
steel, and is a useful material in the manufacturing of safe and 
fuel efficient automobiles. 

Fire Retardants.—Borates were incorporated into various 
materials, such as cellulosic insulation, textiles, and timber, to 
impart flame retardant properties to the materials. Boric acid 
was incorporated into wood flame-retardants to inhibit the 
transfer of combustible vapors and reduce the effective heat of 
combustion, resulting in reduced flame spread. Zinc borate was 
used in plastics as a multifunctional boron-based fire retardant, 
with applications in a variety of plastics and rubber compounds. 

Glass.—The principle market for borates in 2011 was glass, 
representing approximately 60% of global borate consumption. 
Boron is used as an additive in glass to reduce thermal 
expansion, improve strength, chemical resistance, and durability, 
and provide resistance against vibration, high temperature, 
and thermal shock. Boron is also used as a fluxing agent, 
reducing the viscosity of glass during formation to improve 
manufacturing. Depending on the application and quality of the 
glass, borax, boric acid, colemanite, ulexite, and sodium borates 
are typically used. 

Insulation and textile fiberglass represented the largest single 
use of borates worldwide, at 45% of world consumption. 

End uses for fiberglass are corrosion-resistant, heat-resistant, 
and high-strength fabrics; insulation; reinforcement; and 
sound absorption. The incorporation of borates into fiberglass 
greatly improves quality, establishing a product that is strong, 
lightweight, and thermal and chemical resistant (Garrett, 1998). 

Borosilicate refers to glass with boric oxide content between 
5% and 30%. The boron in borosilicate imparts many valuable 
properties to the glass, such as increased mechanical strength, 
low coefficient of thermal expansion, and resistance to chemical 
attack and thermal shock. Past application of borosilicate ranged 
from Pyrex® kitchenware to the thermal protection tiles on the 
National Aeronautics and Space Administration Space Shuttle 
Orbiters. 

Other.—Various boron compounds are used in nuclear · 
powerplants to control neutrons produced during nuclear fission. 
The isotope boron-10, in particular, possesses a high propensity 
for absorbing free neutrons, producing lithium and alpha 
particles after absorbing neutrons. Control rods composed of 
boron carbide are lowered into a nuclear reactor to control the 
fission reaction by capturing neutrons. Boric acid is used in the 
cooling water surrounding nuclear reactors to absorb escaping 
neutrons (Ceradyne Inc., 2011). | 

Boron nitride can be found in large quantities in cosmetics 
owing to its low coefficient of friction and lack of toxicity. It 
has been shown to be a useful alternative to talcum powder, 
which studies show may be linked to ovarian cancer (Emsley, 
2004, p. 15-17). Boric acid has applications in cosmetics, 

j iletri Iso added to brake 
pharmaceuticals, and toiletries. Borates are a. , тане 
fluids, fuel additives, lubricants, metalworking fluids, and W 
treatment chemicals. Boron oxide inhibits corrosion. 
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Transportation and Distribution 


Almost all U.S. borates were shipped in North America 
by rail. Both U.S. producers had rail fleets dedicated to the 


exclusive transportation of their products. Small shipments of 
borates were shipped by rail or truck in specialty bags, usually 
of 2,100-pound capacity. Prices for rail haulage depended on the 
ability of customers to load and unload efficiently, the ability to 
use unit trains and to supply one’s own railcars, and fuel prices. 


SVM owned the Trona Railway, a 50-kilometer (km) 


(31-mile) shortline railroad that connects to the Southern Pacific 


Railroad between Trona and Searles stations in California. 
The Trona Railway provided a dedicated line with access to 
the national rail system for the borate, soda ash, and sodium 
sulfate markets. Nearly 80% of output was transported by rail 


to domestic consumers and to the ports of Long Beach and San 


Diego in California for export. 
The Boron Mine was served solely by the Burlington 
Northern Santa Fe Railroad. In order to connect to another 


rail line, a transload or transfer point was set up in Cantil, CA, 


served by the Union Pacific Railroad. Trucks of product from 


Boron were driven to Cantil, about 64 km (40 miles) northwest 


of Boron and loaded into dedicated railcars to be shipped to 
customers. 

Rio Tinto Borax used a privately owned berth located in the 
Port of Los Angeles, CA, for ocean transportation of borate 
products. Products destined for Europe were shipped from 
the bulk terminal in Wilmington to a company-owned facility 
in the Port of Rotterdam, Netherlands, company facilities in 
Spain, or contracted warehouses. The most centrally located 


Rio Tinto Borax port location in Europe was Antwerp, Belgium. 
The industrial minerals market in Europe was characterized by 
high volumes of imported materials, mostly forwarded through 


the industrialized areas of Belgium, France, Germany, and _ 
the Netherlands for destinations in Central Europe, including 


Austria, the Czech Republic, and Slovenia. A decision to import 


borates was based on the geographic location, the range of 
borate products needed, and prices. 


Prices 


| Yearend prices of boron minerals and compounds produced 
in the United States are listed in table 3. Prices for borates 
Increased from 2010 to 2011 as a result of a stabilization in 
marketplace conditions following depressed prices observed 
11 2008 and 2009. The decrease in price observed from 2008 
to 2009 reflected an imbalance between supply and demand 
created by the economic downturn observed beginning in the 
fourth quarter of 2008. Table 4 lists the free alongside ship 
values for U.S exports of boric acid and quantities of boric 
acid and refined sodium borate compounds exported to various 
countries, 


Foreign Trade 


Exports of boron compounds and minerals in 2011 increased 
by 6% to 727,000 t from 687,000 t in 2010. In 20] 1, China 
oe the largest amount of sodium borates and boric acid 
: om the United States owing to increased consumption of 
orates used in the Chinese glass and ceramic industries. 
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Imports of 82,000 t in 2011 represented a 19% decrease from 
the 101,000 t reported in 2010 (table 1). 


World Review 


Argentina.—Argentina remained the leading producer of 
boron minerals in South America in 2011 (table 6). Borate 
deposits are located primarily in the Puna region, which includes 
the northwestern tip of Argentina, the southeastern corner of 
Peru, the southwestern corner of Bolivia, and the northeastern 
border of Chile. Recent increased demand in Asia and North 
America for borate use in ceramics and glass led to increased 
production of Argentine borates, boric acid in particular. 

Borax Argentina S.A. (a subsidiary of Rio Tinto Minerals), the 
country's leading producer of borates, operated the Tincalayu 
Mine, the largest open pit operation in the country and located 
at 4,100 m (13,400 feet) above sea level. The deposit consisted 
primarily of borax, with rare occurrences of ulexite and 15 
other borates. Rio Tinto also produced refined borate ores and 
boric acid at refineries in Campo Quijano, Sijes, and Tincalayu 
in Salta Province and Porvenir in Jujuy Province (Rio Tinto 
plc, 2011, p. 80). In 2011, Borax Argentina produced 85,000 t 
of tincal, 30,000 t of ulexite, 35,000 t of colemanite (Lismore, 
2012b). 

Minera Santa Rita S.R.L. (MSR) operated mines in 
Catamarca, Jujuy, and Salta Provinces and operated a processing 
plant in Campo Quijano, which produced granular deca- and 
pentahydrate borax, technical-grade boric acid powder, and 
various grades and sizes of the natural boron minerals. MSR 
exports 97% of its products to 28 countries through the port 
of Buenos Aires and by land to Brazil (Santa Rita Mining Co., 
2012). 

Chile.—In 2011, Chile was the second leading producer of 
boron minerals in South America (table 6). The 489,000 t of 
boron minerals produced in 2011 was a slight decrease from 
that of 2010. The Chilean borate producers were all located on 
the northeastern border of Chile, which contains one the world’s 
largest deposits of ulexite. The leading producer, Quimica e 
Industrial del Borax Ltda. (Quiborax), mined 450,000 t/yr of 
crude ulexite and produced up to 80,000 t/yr of boric acid and 
40,000 t/yr of granular ulexite (Tran, 2008). 

China.—China possesses more than 100 borate deposits in 
14 Provinces. The northeastern Province of Liaoning and the 
western Province of Qinghai accounted for more than 80% of 
the resources, mostly in the form of sassolite and tincal. Chinese 
boron resources are of low quality, averaging about 8.4% 

B,O,, in comparison to the Turkish and United States reserves, 
which average about 26% to 31% and 25.396 to 31.994 B.O ; 
respectively (Industrial Minerals, 2008а; Baylis, 2010, р. 5), 
The Chinese Government was considering closing a loophole 
that gives a 5% tax rebate on the export of alloys in attempts 
to curtail misuse of the rebate. Some carbon steel mills added 
small amounts of boron, nearly 0.0005% by weight, to pass the 
steel off as an alloy in order to collect the rebate. This practice 
may have given these mills as much as a 20% pricing advantage 
on their products (Metal Bulletin, 2011). 
Turkey.—Approximately 73% of the world’s boron reserves 
are located in Turkey (Engineering and Mining Journal, 2012). 
The main borate producing areas of Turkey, all controlled 
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by the state-owned mining company Eti Maden AS, аге 

Bigadic (colemanite and ulexite), Emet (colemanite), Kestelek 
(colemanite, probertite, and ulexite), and Kirka (tincal). 
Production of refined borates increased during the past few 
years owing to continued investment in new refineries and 
technologies. Eti Maden planned to expand its share in the 
world boron market from 36% to 39% by 2013, increasing sales 
to $1 billion by expanding its production facilities and product 
range. In 2009, Turkey exported 4 Mt of borates valued at $104 
million (Today’s Zaman, 2009; Uyanik, 2010). 


Outlook 


Consumption of borates is expected to increase, spurred by 
strong demand in the Asian and South American agriculture, 
ceramic, and glass markets. World consumption of borates was 
projected to reach 2.0 Mt BO, by 2014, compared with 1.5 Mt 
В.О, in 2010 (Roskill Information Services Ltd., 2010, р. 167; 
O’Driscoll, 2011). | 

The European Union (EU) added borates to a list of banned 
minerals, which required detergent makers to decrease their use 
of boron following an EU ruling that determined continuous 
exposure may be harmful (Lismore, 2012a). Demand for 
boron-based fertilizers was expected to rise as a result of an 
increase in demand for food and biofuel crops. Higher crop 
prices have enabled farmers to invest more capital in advanced 
farming techniques and higher-grade fertilizers. Consumption 
of borates by the ceramics industry was expected to shift 
away from Europe to Asia, which accounted for 60% of world 
demand in 2011. 

A year following the earthquake in Japan, boric acid remained 
limited. Used extensively to cool the damaged Fukushima 
reactor cores following the destruction of the powerplant’s 
cooling system, the demand for boric acid supplies remained 
high (Ollett, 2012). The demand for boric acid is likely to 
remain high as its use as a coolant in nuclear reactor plants may 
expand. | | | 

Consumption of boron nitride is expected to increase owing to 
the development of high-volume production techniques coupled 
with the creation of new technologies. The properties intrinsic to 
cubic boron nitride, such as hardness (second only to diamond), 
high thermal conductivity, and oxidation resistance make it an 
ideal material in a variety of emerging applications. Hexagonal 
boron nitride was used in additives, ceramics, and intermetallic 
composites, imparting thermal shock resistance, improved 
machinability, and reduction of friction. 


References Cited 


i i d the role of western 
lis, Robert, 2010, The Chinese boron market and the 
gears Industrial Minerals Congress, 20th, Miami, FL, March 21-24, 
tation, 31 p. 
mae Inc., 2011, Boron products: Costa Mesa, CA, Ceradyne Inc. (Accessed 
January 5, 2011, at http://www.ceradyneboron.com/about/ 
-products.aspx.) | | | 
Кы 2004, Vanity, vitality and virility—The science behind the 
roducts you love to buy: New York, NY, Oxford University Press, 259 p. 
аа and Mining Journal, 2012, Industrial minerals—The boron country: 
Engineering and Mining Journal, v. 213, no. 1, January, p. 61. | 
Ен Holding Inc., 2003, Pre-feasibility report summaries of boron carbide, boron 
nitride, ferroboron, frit and glaze, textile glass fibre, zinc borate: Ankara, 


Turkey, Eti Holding Inc., 23 p. 


13.4 


Garrett, D.E., 1998, Preface, in Borates—Handbook of deposits, processing, 
properties, and use: San Diego, CA, Academic Press, p. xi-xiv. 

Hamilton, Samuel, 2006, Boron: Mining Engineering, v. 58, no. 6, June, 

р. 21-22. 

Industrial Minerals, 2008a, Serving China’s ceramics: Industrial Minerals, 
no. 488, May, p. 35. 

Industrial Minerals, 2008b, Technical ceramics take off: Industrial Minerals, 
no. 495, December, p. 66. 

Lismore, Siobhan, 2012a, Borates used in detergents added to REACH list: 
Industrial Minerals, February 13. (Accessed September 27, 2012, at http:// 
www.indmin.com/.) 

Lismore, Siobhan, 2012b, Lithium junior Orocobre buys Borax Argentina from 
Rio Tinto: Industrial Minerals, August 21. (Accessed October 1, 2012, at 
http://www.indmin.com/.) 

Metal Bulletin, 2011, Spotlight—China may shut boron loophole on steel 
exports: Metal Bulletin, January 24. (Accessed January 25, 2011, at http:// 
www.metalbulletin.com/.) 

O’Driscoll, Mike, 2011, Rio Tinto Minerals declares force majeure on sodium 
borates: Industrial Minerals, January 31. (Accessed October 1, 2012, at http:// 
www.indmin.com/.) 

Ollett, John, 2012, Japan's earthquake and tsunami tragedy—One year on: 
Industrial Minerals, March 8. (Accessed September 27, 2012, at http:// 
www.indmin.com/.) 

Rio Tinto Borax, 2005, Bleaching with sodium perborate: Boron, CA, Rio 
Tinto Borax. (Accessed August 4, 2011, at http://www.borax.com/detergents/ 
bleaching. html.) 

Rio Tinto plc, 2011, Form 20-F—Annual report for the fiscal year ended 
December 31, 2010: Washington, DC, Securities and Exchange Commission, 
March 15. (Accessed September 27, 2012, at http://www.secinfo.com/.) 

Rio Tinto plc, 2012, Rio Tinto announces record underlying earnings of $15.5 
billion—Net earnings reduced by impairment charge: Rio Tinto plc media 
release, February 9, (Accessed September 27, 2012, at http:// 
www.riotinto.com/documents/Media/120209 Rio Tinto announces _ 
record underlying earnings of 15 5 billion net earnings reduced by. 
impairment charge.pdf.) 

Roskill Information Services Ltd., 2010, Boron—Global industry markets and 
outlook: London, United Kingdom, Roskill Information Services Ltd., 243 p. 

Santa Rita Mining Co., 2012, [Untitled]: Santa Rita Mining Co. (Accessed 
September 27, 2012, at http://www.santaritasrl.com/.) 

Today's Zaman, 2009, Turkey eyeing $1 billion in boron exports by 2013: 
Istanbul, Turkey, Today's Zaman, December 16. (Accessed October 1, 2012, 
at http://todayszaman.com/.) 

Tran, Alison, 2008, Borates, as seen on TV: Industrial Minerals, no. 489, June, 
p. 30. 

Troeh, F.R., and Thompson, L.M., 2005, Soils and soil fertility: Ames, IA, 
Blackwell Publishing, 489 p. 


- Uyanik, Tulay, 2010, Mining: Ankara, Turkey, Export promotion center of 


Turkey, August, 7 p. (Accessed October 1, 2012, at http://www.tcp.gov.tr/ 
Assets/sip/san/Mining.pdf.) 

Watts, Mark, 2011, Rio Tinto borates output drops in Q3 on planned shutdown: 
Industrial Minerals, October 13. (Accessed September 27, 2012, at http:// 
www.indmin.com/.) 


GENERAL SOURCES OF INFORMATION 
U.S. Geological Survey Publications 


Boron. Ch. in Mineral Commodity Summaries, annual. 
Evaporites and Brines. Ch. in United States Mineral Resources, 
Professional Paper 820, 1973. 


Other 


Boron. Ch. in Mineral Facts and Problems, U.S. Bureau of 
Mines, Bulletin 675, 1985. 

European Borates Association. | 

Industrial Minerals Association-North America. 


| —2011 
U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK 


(Thousand metric tons and thousand dollars) 


United States: 


Sold or used by producers: 


Quantity: 
Gross weight” W W W W W 
В,О; content W W W W W 
Value W W W W W 
Exports? 
Boric acid: 
Quantity 248 303 171 264 235 
Value 124,000 165,000 109,000 170,000 166,000 
Sodium borates: 
Quantity 446 519 417 423 492 
Value 146,000 192,000 176,000 218,000 244,000 
Imports for consumption: 
Borax: 
Quantity ] 1 (5) (5) (5) 
Value 647 566 376 183 174 
Boric acid:? 
Quantity 67 50 36 50 57 
Value 27,500 26,200 26,100 30,100 40,800 
Colemanite: 
uantity* 26 30 31 50 20 
Value 7,640 8,880 8,630 18,400 19,000 
Ulexite: 
uantity® 92 75 28 1 5 
Value 27,600 22,600 11,300 238 858 


Consumption, B,O; content 


TABLE 1 
SALIENT STATISTICS OF BORON MINERALS AND COMPOUNDS’ 


2007 


W 


2008 


W 


2009 


W 


2010 


W 


2011 


W 


World, production’ 4,200 4,480 3,7107 4,0507 4,550° 


“Estimated. "Revised. W Withheld to avoid disclosing company proprietary data. 


"Data are rounded to no more than three significant digits. 
? Minerals and compounds sold or used by producers, including actual mine production, and 


marketable products. 
Source: U.S. Census Bureau. 


“Includes orthoboric and anhydrous boric acid. Harmonized Tariff Schedule of the United 
States codes 2840.19.0000, 2840.20.0000, and 2840.30.0000. 


5Less than % unit. 
$Source: PIERS. 


"U.S. production withheld from world production in 2007—11 to avoid disclosing company 


proprietary data. 
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TABLE 2 
BORON MINERALS OF COMMERCIAL IMPORTANCE 


B,03, 

Chemical weight 
Mineral! composition percentage 
Boracite (stassfurite) Mg;3B,0,;Cl 62.2 
Colemanite Ca,B,O,,°5H,O 50.8 
Datolite CaBSiO,OH 24.9 
Hydroboracite CaMgB4O,,:6H;O 50.5 
Kernite (rasorite) Na;B4,0,:4H;O 51.0 
Priceite (pandermite) CaB,90;,,:7H;O 49.8 
Probertite (kramerite) NaCaB;30,°5H,O 49.6 
Sassolite (natural boric acid) Н;ВО, 56.3 
Szaibelyite (ascharite) MgBO,OH 41.4 
Tincal (natural borax) Na,B,07°10H,O 36.5 
Tincalconite (mohavite) Na;B40,:5H;O 47.8 
Ulexite (boronatrocalcite) NaCaB,0,°8H,O 43.0 


'Parentheses indicate common names. 


TABLE 3 | 
YEAREND PRICES FOR BORON MINERALS AND COMPOUNDS! 


(Dollars per metric ton) 

Price, Price, Price, 
December 31, December31, December 31, 

Product 2009 2010 2011 
Borax, decahydrate, Buenos Aires 520 520 947-979 
Boric acid, Chile 800 735 1,390-1,460 
Colemanite, Buenos Aires, 40% boron oxide (ВО) 370-420 370-420 690—730 
Ulexite, Buenos Aires, 40% B20; 350-380 350-380 666—697 
Ulexite, granular, Chile, 40% B;O; 400 400 692—734 
Ulexite, Lima, 40% B20; 250—300 350-370 687—723 


Ц] 5. free on board plant or port prices per metric ton of product. Other conditions of final preparation, 
transportation, quantities, and qualities not stated are subject to negotiation and (or) somewhat different 


price quotations. Values have been rounded to the nearest dollar. 


Source: Industrial Minerals, no. 507, December 2009, p. 68; no. 519, December 2010, p. 69; no. 531, 
December 2011, p. 61. 
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ТАВГЕ 4 
U.S. EXPORTS ОЕ BORIC ACID AND REFINED SODIUM BORATE COMPOUNDS, BY COUNTRY! 


BORON—2011 


aa 


2010 201] 
Boric acid" Sodium Boric acid” Sodium 
Quantity Value? borates‘ Quantity Value? borates‘ 

Country (metric tons) _ (thousands) (metric tons) (metric tons) (thousands) (metric tons) 
Australia 1,780 $1,120 4,330 1,880 $1,150 5,120 
Belgium 3 11 14 31 62 12 
Brazil 1,190 1,550 927 923 1,360 80 
Canada 2,530 2,290 27,500 2,240 2,550 23,400 
China 59,900 35,000 104,000 39,800 25,400 134,000 
Colombia 159 210 6,840 219 298 7,270 
France 120 81 324 407 207 278 
Germany 1,380 1,670 ] 706 1,910 1 
Hong Kong -- -- -- 400 206 20 
India 3,930 2,840 32,300 4,010 2,860 21,400 
Indonesia 1,340 935 9,630 904 717 11,000 
Italy 93 94 1,080 ] 4 604 
Јарап 46,100 32,500 25,300 35,700 27,900 25,800 
Korea, Republic of 49,700 27,700 12,700 50,200 33,300 13,500 
Malaysia 3,340 1,940 25,700 6,510 3,870 54,000 
Mexico 6,540 5,240 34,700 7,600 6,400 36,300 
Netherlands 38,600 24,200 99,200 26,400 16,900 74,700 
New Zealand 428 289 2,010 277 195 1,470 
Philippines 121 89 1,980 87 92 2,200 
Saudi Arabia 1,720 1,310 1,130 4,280 2,950 673 
Singapore 1,610 2,880 1,050 1,160 2,230 913 
Spain 1,840 1,080 661 -- — 700 
Taiwan 31,200 17,800 3,250 43,400 29,100 4,240 
Thailand 3,610 2,210 8,600 2,790 1,940 8,740 
United Kingdom -- -- 2 5 24 9 
Venezuela 253 2,190 240 135 320 46 
Vietnam 2,990 1,940 5,060 2,430 1,820 51,100 
Other 3,900 € 2,950 ' 13,800 ' 2,750 2,260 14,900 
Total 264,000 170,000 423,000 235,000 166,000 492,000 


"Revised. -- Zero. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


?Harmonized Tariff Schedule of the United States (HTS) code 2810.00.0000. 


*Free alongside ship valuation. 
“HTS codes 2840.19.0000, 2840.20.0000, and 2840.30.0000. 


Source: U.S. Census Bureau. 
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ТАВГЕ 5 
U.S. IMPORTS FOR CONSUMPTION OF BORIC ACID, ВУ COUNTRY! 


2010 ______ 201 ____ 
Quantity Value” Quantity Value” 
Country (metric tons) (thousands) (metric tons) (thousands) 
Argentina 1,080 $790 506 $514 
Bolivia 4,160 2,330 4,180 2,840 
Brazil - -- 154 100 
Chile 7,340 4,380 8,750 7,180 
China 100 162 758 1,030 
France 505 657 270 277 
Germany 103 100 350 210 
India 627 607 175 265 
Italy 1,570 1,600 1,490 1,880 
Japan 173 111 58 38 
Peru 2,920 1,850 3,190 2,360 
Russia 923 483 1,180 785 
Turkey 30,000 17,000 35,500 23,300 
United Kingdom ] 2 18 23 
Other 27 39 37 69 
Total 49,500 30,100 56,600 40,800 
— Zero. 


!Data are rounded to no more than three significant digits; may not add to totals 


shown. 


?U.S. customs declared values. 


Source: U.S. Census Bureau. 


Country 


Р о г e | - - - ) | i 
TE Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data, not included in total. 


TABLE 6 
BORON MINERALS: WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 


2007 2008 2009 2010 
Argentina 670 786 500 623 ' 
Bolivia, ulexite 64 56 86 97 
Chile, а 528 583 608 504 
China” 145 140 93 ' 100 ' 
Iran, богахе ° з 13 1 2 
Kazakhstan*® 30 30 30 30 
Peru | 234 350 187 293 
Russia” 400 400 400 400 
Turkey” 2,128 3 2,139 3 1,800 2,000 
United States® W W W W 

Total 4,200 4,480 3,710 ' 4,050 ' 
“Estimated. 


30 
293 " 
400 

2,500 

W 

4,550 


| | Is and estimated data аге rounded to no more than three significant digits; may not add to totals shown. 
Table includes data available through June 1 1, 2012. 


Ё Reported figure. 
*Boron oxide (B03) equivalent. 


: Data are for years beginning March 21 of that stated. 
Blended Russian datolite ore that reportedly grades 8.6% В,О,. 


7 
Concentrates from ore. 


*Minerals and compounds sold or used by producers, 
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including both actual mine production and marketable products. 


BROMINE 


By Joyce A. Ober 


Domestic survey data and tables were prepared by Michelle B. Blackwell, statistical assistant, and the world production 
table was prepared by Lisa D. Miller, international data coordinator. 


The United States was one of the world’s leading producers 
of bromine. U.S. dominance has declined in recent years, 
especially as the result of increased production in Israel and 
Jordon. World production of bromine for 2011, excluding the 
United States, was estimated to be 683,000 metric tons (t), 
compared with 695,000 t in 2010 (tables 1, 6). China, Israel, 
Jordan, the United States, and seven other countries produced 
bromine. In 2011, bromine sold or used in the United States 
decreased compared with that of 2010, but data were withheld to 
avoid disclosing company proprietary data. 

Bromine is one of two elements that are liquid at room 
temperature and is found principally as a dissolved species 
in seawater, evaporitic (salt) lakes, and underground brines 
associated with petroleum deposits. Primary uses of bromine 
compounds were in flame retardants (FRs), drilling fluids, water 
treatment, and brominated pesticides (mostly methyl bromide). 


Production 


Domestic production data for bromine were developed by the 
U.S. Geological Survey (USGS) from a voluntary canvass of 
the two U.S. producers (table 2). Albemarle Corp. and Chemtura 
Corp., both of which responded to the survey, represented 100% 
of total production. Production data collected by the USGS were 
withheld to avoid disclosing proprietary information (table 1). 

Bromine was recovered from brine wells in Arkansas, where 
bromine is found in brines in the Smackover F ormation at а 
depth of about 2,400 meters with concentrations of 5,000 to 
6,000 parts per million (ppm) bromine; by comparison, seawater 
contains 60 to 70 ppm bromine (Hill, 2010; Albemarle Corp., 
2011c, р. 55). 

After bromine processing, the spent brine is returned 
underground into the production formation by class V injection 
Wells that are regulated by the U.S. Environmental Protection 
Agency (EPA). The chemical composition of the spent brine 
1 generally similar to that of the original, except that the 
concentration of the target elements (such as bromine and 
magnesium) is reduced, and the concentration of other elements 
(such as calcium) may have increased through substitution 
(U.S. Environmental Protection Agency, 1999, р. 1—2, 5). 


Recycling 


Some bromide solutions were recycled to obtain elemental 
a and to prevent the solutions from being disposed of as 
Poss waste. Hydrogen bromide is emitted as a byproduct 
um many organic reactions. This byproduct waste is recycled 

I virgin bromine brines and is a major source of bromine 
production. Plastics containing brominated FRs (BFRs) can be 
incinerated as a solid organic waste, and the bromine can be 
recovered (Frim and Ukeles, 2007). 
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_ Consumption 


The USGS did not collect consumption data on bromine 
compounds. Apparent consumption of bromine in the United 
States, calculated by the USGS from production plus imports 
minus exports, decreased in 2011. The major consumption 
categories were, in order of magnitude, FRs, pharmaceuticals 
and agricultural chemicals, drilling fluids, rubber, and water 
treatment chemicals (Albemarle Corp., 2012). Other uses 
included butyl rubber, dyes, mercury emission control, 
photographic chemicals, and surfactants. 

Estimated bromine consumption in BFRs was slightly 
less than 50%; BFRs are chemicals commonly used in many 
domestic and industrial appliances, electronic equipment, and 
other items, such as computers, furniture, insulation boards, 
mattresses, mobile telephones, televisions, and textiles. About 
90% of all electrical components contain BFRs. 

Calcium bromide, sodium bromide, and zinc bromide, 
collectively referred to as clear brine fluids (CBFs), were used 
in the oil- and gas-well-drilling industry for high-density, 
solids-free completion, packer, and workover fluids to reduce 
the likelihood of damage to the well bore and productive zone. 
These high-density fluids also help to prevent migration of fluids 
between underground formations through the well bore. Oil 
and gas drilling activity in the United States, measured by the 
number of wells drilled, was higher in 2011 than in 2010, asa 
result of the economic recovery (American Petroleum Institute, 
2012). 

Another major use of bromine is as a water purifier and 
disinfectant, which is an alternative to using chlorine. 
Brominated compounds are used for water treatment in hot tubs 
and swimming pools and to control algae and bacterial growth 
in industrial processes. 

Bromine compounds are effective pesticides, used both as 
soil fumigants in agriculture, particularly fruit growing, and 
as a fumigant to prevent pests from attacking stored grain and 
other produce. World trade in agricultural goods depends on 
the use of bromine compounds to ensure compliance with 
mandatory quarantine rules. Bromine compounds also are 
used as intermediates to make other agricultural chemicals. 
Methyl bromide is the leading bromine-containing pesticide in 
the world, but its use was declining owing to the ban imposed 
by the 1987 Montreal Protocol, which classified it as a class I 
ozone-depleting substance. As part of the Montreal Protocol, 
wealthy countries were to stop using the pesticide by 2005; 
however, the United States has received annual exemptions 
for crops and other critica] uses (for example, cucumbers, 
melons, orchard replants, peppers, post-harvest uses, squash 
strawberries, and tomatoes). The critical use exemption is for 
applications where no technically or economically feasible 
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alternatives to methyl bromide exist. In 2011, the EPA 
authorized use of 2,055 t or 8.1% of the historic 1991 baseline 
consumption of methyl bromide for approved critical uses 
(U.S. Environmental Protection Agency, 2011b, p. 60739). 

Use of methyl bromide also was allowed through a quarantine 
and preshipment exemption for agricultural commodities and 
lumber. Methyl bromide is a broad spectrum pesticide used in 
the control of nematodes, pathogens, pest insects, rodents, and 
weeds. Domestically, methyl bromide has proven to be difficult 
to replace because of its low cost and usefulness against a large 
variety of agricultural pests. 

The use of bromine and bromine compounds to remove 
mercury from flue gas emissions at coal-fired electric 
powerplants was an expanding new use for bromine. Inorganic 
bromine compounds, such as calcium bromide and sodium 
bromide, when mixed with coal at powerplants, react with 
mercury in combustion zones, forming mercury compounds that 
are captured in scrubbers, removing 9096 of mercury liberated 
during combustion (Chemtura Corp., 2009). Southern Research 
Institute (Birmingham, AL) developed a system that converts 
calcium bromide to elemental bromine gas, which then reacts 
with mercury in coal-fired powerplant flue gas to form mercuric 
bromide, which is captured and retained in the powerplants’ wet 
scrubbers (Southern Research Institute, undated). 


Transportation 


Bromine in bulk quantities is transported in the United States 
in 7,570- and 15,140-liter (L) lead-lined pressure tank railcars or 
6,435- to 6,813-L nickel-clad pressure tank trailers. The trailers 
must be filled at least 92% full to prevent inertia effects of the 
heavy liquid while on the highway. International shipments by 
The Dead Sea Bromine Group are in 15.2- to 23.3-t lead-lined 
tank containers (isotanks) with a volume of 5,300 to 8,000 L. 
For smaller quantities, lead-lined tanks (“goslars”) of 3.5 t (four 
tanks packed on one isoframe) and drums of 400 kilograms 
are used. Dry nitrogen gas is recommended for use in pressure 
transferring bromine, although dry air may be used. The gas 
used must be absolutely dry or severe corrosion results. When 
exposed to a high-humidity atmosphere, the water content of 
bromine can exceed 300 ppm. If the water content exceeds 70 
ppm, the corrosiveness of bromine to many metals increases 
(Frim and Ukeles, 2007). 


Prices 


Prices for bromine and bromine compounds rose through 
about midyear in response to rising demand in China. Because 
the bromine industry has few producers, published price lists of 
bromine and bromine compounds were not available. Although 
companies normally do not publish price data, in 201 l, a few 
of the price announcements were accompanied with price data, 
and others quantified only price increases. Price increases 
were announced by product categories separately, usually as 
elemental bromine and hydrobromic acid, brominated FRs, 
or clear brine fluids. For instance, Albemarle announced 
price increases for elemental bromine and hydrorobromic 
acid and clear brine fluids twice during 2011, but increased 
prices on various FRs four times. Albemarle announced the 
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global minimum price for elemental bromine, delivered, to be 
$4,500 per metric ton (Albemarle Corp., 2011a). Albemarle 
and Chemtura announced price increases throughout the year 
for other bromine compounds, indicating that prices for most 
bromine compounds rose during the year, but without actual 
prices listed. : 
Although not exactly the same as prices, average unit values 
of exported and imported bromine were used to identify price 
trends for bromine in 2011. The average value of exported 
elemental bromine, including cost, insurance, and freight, was 
$1,920 per metric ton, a 9% increase from $1,760 per ton in 
2010. The average values of exported ethylene dibromide and 
methyl bromide decreased by 8% and slightly, respectively. 
The average value of imported elemental bromine decreased by 
about 12% to $2,210 per ton. Price trends for imported bromine 
compounds varied greatly. The compounds with the highest 
quantities of imports, however, including ammonium bromide, 
decabromodiphenyl ether, hydrobromic acid, sodium bromide, 
and tetrabromobisphenol A (all with more than 1,000 t of 
imports), all increased in average value by about 20%. 


Foreign Trade 


Bromine exports were about 14% lower than those in 2010 
(tables 1, 3). The value of exported elemental bromine and 
bromine compounds decreased by 17% compared with that 
of 2010. Bromine imports were about 5% lower than those of 
2010, but total imports of bromine and bromine compounds 
were 4% higher. Overall, the import value for elemental 
bromine and bromine compounds increased by 16% in 2011. 


World Review 


The U.S. share of world bromine production has decreased 
as other countries have strengthened their positions as world 
producers of elemental bromine. Israel, the United States, 
Jordan, China, Japan, and Turkmenistan, in descending order, 
had the leading bromine production capabilities in 2011, 
although none of these countries operated at capacity 
(tables 2, 5). Actual production did not necessarily reflect 
capacity. 

China.—In China, bromine operations аге in Shandong 
Province. Many unlicensed bromine facilities operated in the 
area, but since 2006, the Shandong Provincial government 
and the Government of China had closed down the unlicensed 
operations. Only six companies were thought to be licensed to 
produce bromine. 

Bromine production capacity was available for only one 
company in China, no capacity information is available for other 
bromine producers. For that reason, China’s estimated bromine 
production is substantially higher than the capacity listed in 
table 5. Although specific information, by operation, was not 
available, the bromine industry in China likely was operating at 
capacity of about 150,000 t/yr. 

India.—Chemtura signed a letter of intent to form a strategic 
alliance with Archean Group (Chennai) involving bromine 
byproduct from a potash project under development at the Rann 
of Kutch, a salt marsh in western India. The first phase of the 
project was a long-term sourcing agreement through which 
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Chemtura would market all bromine produced. The second 
phase would include a joint venture to construct a plant to 
produce bromine derivative compounds, which Chemtura also 
would market (Chemtura, 2011). 

Israel.—ICL Industrial Products (Tel Aviv) was one of 
the world’s leading producers of elemental bromine, with 
approximately 40% of global capacity. In 2010, ICL produced 
202,000 t of elemental bromine. ICL processes brines from 
the Dead Sea, which contain 10 to 12 grams per liter (2/1) of 
bromine, much higher than the next richest source in U.S. brine 
wells that contain 2 to 6 g/l (ICL Industrial Products, undated). 

Jordan.—Albemarle announced plans to double bromine 
production capacity at Jordan Bromine Co. (its joint venture 
with Arab Potash Co.) on the Dead Sea. The expansion of 
the plant to produce 100,000 t/yr of elemental bromine was 
expected to be completed in 2012 and would include increased 
capacity for bromine compounds as well (Albemarle Согр., 
2011b). 

The Natural Resources Authority (NRA) of Jordan estimated 
bromine production in 2010 to be 329,200 t, up from 69,000 t 
in 2009 (Natural Resources Authority, 2011, p. 29). Even when 
fully operational, the expansion project at Jordan Bromine 
would not result in such a dramatic expansion of bromine 
production. No reports indicated that more than one bromine 
producer operated in Jordan, although the Government data 
indicated that Jordan had become the world’s leading bromine 
producer. Discrepancies between reported capacity and 
production estimates made by the NRA in 2007-09 possibly 
could be the result of double counting of bromine production 
and derivative compounds. The 2010—11 discrepancies remained 


‚ unexplained. 


Outlook 


Between 40% and 50% of domestic consumption of 
bromine is for FRs. In 201 I, demand for FRs, particularly in 
the construction and electronics industries, increased as the 
economy recovered. Although FR usage fluctuates along with 
overall cycles in the economy, world consumption of FRs is 
expected to increase, assuming sustained economic growth. 
Recycling efforts in Europe for BFR plastics in electrical usage, 
Which are easier to recycle than some other FR compounds, may 
Increase the demand for BFR products. Use of BF Rs, however, 
will likely increase at a slower pace than FRs in general 
because of legislative mandates and customer demand for more 
environmentally friendly materials. 
| Increased demand for FRs would Бе driven by the use of FRs 
in developing countries as they begin to adopt more stringent 
flammability standards and begin to use more plastics. Countries 
ш Asia and the Pacific region likely would be the leading 
consumers of FRs. Above-average gains in the demand for 
FRs Were expected to take place in Africa, Eastern Europe, the 
Middle East, and Latin America. More moderate growth in FR 
use Was expected for markets in North America and Western 
Europe (Freedonia Group, The, 2009a). 
М ges use in CBFs is highly dependent on fluctuations in 
if. on gas drilling Industry. Consumption of CBFs 
mie and natural gas drilling was expected to increase as 

and for these commodities Increases. 


BROMINE—2011 


Bromine water treatment chemical use was expected to show 
modest growth during the next several years. Bromine has been 
found to be safer than its substitutes in sanitary preparations 
because bromine has a higher biocidal activity level for the 
same volume of product. The use of bromine compounds 
was expected to continue increasing in the bot tub, spa, and 
swimming pool sector as a gentler disinfectant than chlorine. 
Global demand for water treatment products was projected to 
increase in developing markets, such as China and India, as a 
result of continued industrial expansion and increased efforts 
to expand access to safe water supplies (Freedonia Group, The, 


2009b). 

Bromine use in photography 15 declining as digital imaging 
replaces film in consumer and professional photography. 
Most feature films for movie theater presentation are shot 
using printed film; however, the use of digital technology was 
expected to increase and overtake film in these applications 


during the next decade. 

The market potential for bromide-based technologies to 
remove mercury emissions at coal-fired powerplants is an 
area of potential growth for the industry. Using bromide 
compounds to neutralize mercury emissions appears to be more 
cost effective compared with other materials like chlorine-, 
fluorine-, or iodine-base compounds. New regulations proposed 
by the EPA in early 2011 for reducing mercury emissions at 
powerplants by an estimated 91% within 4 years of the rule 
taking affect were likely to increase demand for bromine and 
bromine compounds for that application (U.S. Environmental 
Protection Agency, 2011a). 
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TABLE 1 


SALIENT BROMINE STATISTICS! 


(Metric tons and thousand dollars) 


2007 2008 2009 2010 2011 
United States: 
Bromine sold or used: 
Quantity W 
Value W 
Exports? 
Quantity (Br equivalent) 8,560 9,640 6,130 € 8,150 7,150 
Value 15,200 16,200 12,500 € 22,300 18,400 
Imports for consumption:^? 
Quantity (Br equivalent) 32,200 41,200 36,000 ' 45,4007 47,100 
Value 817,000 97,300 81,000 ' 88,9007 103,000 
Apparent consumption W W W W 
c o n. EM. а МИ 
World, production $ 415,000 415,000 367,000 © 695,000" 683,000 


metet ‘Revised. W Withheld to avoid disclosing company proprietary data. 
Data are rounded to no more than three significant digits. 


2 . 
Elemental bromine sold as such to nonproducers, including exports, 


preparing bromine compounds. 
3Export values are free alongside ship. 


“Source: U.S. Census Bureau or PIERS (see table 4). 


5 
Import values are cost, insurance, and freight. 
°Excludes U.S. production. 
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TABLE 2 
ELEMENTAL-BROMINE-PRODUCING PLANTS IN THE UNITED STATES IN 2011 


Capacity! 
Production (thousand 
State and company County Plant source metric tons) 
Arkansas: 

Albemarle Corp. Columbia Magnolia South Well brines NA 
Do. do. Magnolia West do. NA 
Do. Union Satellite plants do. NA 

Total 148 2 

Chemtura Corp. do. El Dorado Central and EI Dorado South do. 713 
Ро. до. Marysville West do. 36 
Do. do. Newell do. 23 

Total 59 

Grand total 278 


Do., do. Ditto. NA Not available. 

!' Actual production capacity is limited by brine availability. 

"Cumulative capacity of Magnolia South, Magnolia West, and Satellite plants. 
Cumulative capacity of El Dorado Central and El Dorado South plants. 


TABLE 3 
U.S. EXPORTS OF BROMINE AND BROMINE COMPOUNDS" ? 


д рл1щПььы  —— Ш 
2010 2011 
we 


HTS? Gross weight Br equivalent Value’ Gross weight Br equivalent Value‘ 
Compound number (metric tons) (metric tons) (thousands) ^ (metric tons) (metric tons) - (thousands) 
Elemental bromine 2801.30.2000 4,530 4,530 $7,970 4,580 4,580 $8,790 
Other compounds: | | | 
Ethylene dibromide 2903.31.0000 2,270 1,930 8,180 1,490 1,260 4,940 


Methyl bromide 2903.39.1520 2,000 1,690 6,090 1,540 1,300 4,670 


“байы eT __ 1,300 4,670 
Grand total 8,810 8,150 22,300 7,610 7,150 18,400 
These data detail the information included in table 1 under "Exports." 


"Data are rounded to no more than three significant digits; may not add to totals shown. 
"Harmonized Tariff Schedule of the United States. 
“Declared cost, insurance, and freight valuation. 


Source: U.S. Census Bureau. 
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ТАВГЕ 5 
SELECTED WORLD BROMINE ANNUAL PLANT CAPACITIES AND SOURCES AS OF DECEMBER 31, 2011' 


Capacity 
(metric 
Country and company or plant Location tons) Source 

Azerbaijan, Neftechala Bromine Plant Baku 4,000 Underground brines. 
China, Laizhou Bromine Works Shandong 43,000 Do. 
India: 

Hindustan Salts Ltd. Jaipur NA Seawater bitterns from salt production. 

Mettur Chemicals Ltd. Mettur Dam NA Do. 

Tata Chemicals Ltd. Mithapur NA Do. 

Total 1,500 

Israel, ICL Industrial Products Sodom 280,000 Bitterns of potash production from surface brines. 
Japan, Toyo Soda Manufacturing Co. Ltd. Tokuyama 20,000 Seawater. 
Jordan, Jordan Bromine Co. Ltd. Safi 50,000 Вікегпѕ of potash production from surface brines. 
Spain, Derivados del Etilo S.A. Villaricos 900 Seawater. 
Turkmenistan: 

Cheleken Chemical Plant Cheleken Region 4,740 Do. 

Nebitdag Iodine Plant Vyshka 2,370 | Underground brines. 
Ukraine, Perekop Bromine Plant Krasnoperekopsk 3,000 Do. 


Do. ditto. NA Not available. 
'Excludes U.S. production capacity, which is detailed in table 2. 


TABLE 6 
BROMINE: ESTIMATED WORLD REFINERY PRODUCTION, BY COUNTRY? 


(Metric tons) 
__ бошу 20] ë ж } 39 3 
China 137,000 135,000 140,000 150,000 150,000 
Germany‘ 1,612 $ 1,680 ^? 985 ^? 1,500 ^? 1,500 
India 1,500 1,500 1,500 1,500 1,500 
Israel 159,395 ° 164,042 > 127,689 5 184,696 "> 202,000 
Japan 20,000 20,000 20,000 20,000 20,000 
Jordan 85,105 > 85,000 69,000 ' 329,000 ' 300,000 
Spain 100 100 100 100 100 
Turkmenistan 150 150 150 150 150 
Ukraine 7,824 ° 4,416 ° 4,121 ° 4,100 4,100 
United States® W W W W | W 
Total’ 415,000 415,000 367,000 ' 695,000 ' 683,000 


Revised. W Withheld to avoid disclosing company proprietary data; not included in total. 

Мыш totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
Table includes data available through May 25, 2012. | 
"In addition to the countries listed, several other nations, including Iran, produced bromine, but output data were not reported; 
oe general information is inadequate to formulate reliable estimates of output levels. 

Includes bromides and oxides. 

"Reported figure. 

*Sold or used by producers. 

"Excludes U.S. production. 
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CADMIUM 


By Amy C. Tolcin 


Domestic survey data and tables were prepared by Shonta E. Osborne, statistical assistant, and the world production table 


was prepared by Lisa D. Miller, international data coordinator. 


In 2011, global primary production of cadmium, excluding 
0.5. production, was 22,200 metric tons (t) (tables 1, 5). Most 
of the world’s primary cadmium was produced in Asia— 
specifically China, Japan, and the Republic of Korea. Global 
secondary cadmium production was estimated to account for 
about 25% of all cadmium metal production. Most secondary 
cadmium metal was produced from nickel-cadmium (NiCd) 
battery recycling. | 

In 2011, net exports of cadmium metal (including alloys, 
powders, and waste and scrap) totaled 50,000 t, down from 
85,000 t in 2010 and 539,000 t in 2009. Cadmium was primarily 
exported to China (71%), Israel (11%), and the Republic 
of Korea (7%) (table 3). Australia (27%), the Republic of 
Korea (19%), and Canada (14%) supplied the bulk of the 
corresponding imports (table 4). The annual average New York 
dealer price of cadmium metal in 2011 decreased by 29% from 
that of 2010 to $2.76 per kilogram ($1.25 per pound). 

Leading consumers of refined cadmium were, in descending 
order of quantity, China, Belgium, and Japan. NiCd battery 
production continued to be the leading end use for cadmium, 
accounting for the majority of global cadmium consumption. 
Other significant end uses for cadmium included alloys, 
anticorrosive coatings, pigments, polyvinylchloride stabilizers, 
and semiconducting compounds for solar cells. The percentage 
of cadmium consumed globally for NiCd battery production has 
been increasing, while the percentages for the other traditional 
end uses of cadmium—specifically, coatings, pigments, and 
stabilizers—have gradually decreased during the past few 
decades because of environmental and health concerns. The 
NiCd battery market was concentrated in Asia. Cadmium metal 
15 Sold in several shapes and forms, which have different uses. 
Slabs or sticks are commonly consumed for alloys; balls and 
spheres for plating: and flakes, powder, or sticks for chemicals 
and pigments. 


Production 


Mine production.—Data on domestic mine production of 
cadmium were not collected by the U.S. Geological Survey 
(USGS) as data on the recoverable cadmium content of zinc 
Concentrates, the principal source of primary cadmium, were not 
available. The cadmium content of typical zinc ores ranges from 
0.2% to 0.3%. Sphalerite (ZnS), the most economically significant 
= mineral, 15 commonly impure; cadmium often substitutes 
ae in the crystal lattice, In 2011, zinc-concentrate-producing 
LT Alaska, Idaho, Missouri, and Tennessee. Concentrates 
m aska, Idaho, and Missouri were exported for processing, 

© Concentrates from Tennessee were smelted and refined 
domestically, | 
Non production. —Domestic metal production data were 

cted by the USGS from a voluntary survey on production 
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of cadmium metal and compounds. In 2011, cadmium metal was 
produced at one primary and two secondary smelters. 

Primary.—The Clarksville refinery [owned and operated by 
Nyrstar NV (Balen, Belgium)] was an electrolytic zinc refinery - 
located along the Cumberland River, 80 kilometers (km) 
northwest of Nashville, TN. The refinery’s main products were 
Special High Grade Zinc and galvanizing alloy. Byproducts 
included cadmium metal, intermediate copper cementate, 
sulfuric acid, and synthetic gypsum. Zinc concentrates were 
sourced from Nyrstar’s Tennessee Valley zinc mines and from 
imports. 

Secondary.—The International Metals Reclamation Co. 
(INMETCO), owned by Horsehead Holding Corp. 
(Monaca, PA), produced secondary cadmium metal (ingot 
and shot) at its metals recovery facility in Ellwood City, PA. 
The cadmium recovery plant processed large industrial and 
portable consumer NiCd batteries through eight retort furnaces 
to recover cadmium. Spent NiCd batteries were secured from 
the Rechargeable Battery Recycling Corp. (Atlanta, GA) and 
through INMETCO’s own collection programs. The bulk 
of the cadmium metal produced was sold back to battery 
manufacturers. 

On a smaller scale, Toxco Inc.’s (Anaheim, CA) recycling 
operations in Lancaster, OH, also recovered cadmium ingots 
from NiCd batteries. 


Consumption 


Coatings and plating.—The amount of cadmium consumed 
domestically for corrosion-resistant coatings and plating 
decreased during the past several decades as cadmium-plated 
parts were phased out of motor vehicles by the automotive 
industry. However, cadmium coatings were still used by the 
aerospace industry and military for some critical applications 
where coating substitution may compromise operational 
safety; the metal was commonly used to plate fasteners in 
aircraft landing gear and parachutes owing to a combination of 
properties not present in other anticorrosive coatings. 

Nickel-cadmium batteries. —NiCd batteries were used to 
power portable consumer electronics (commonly power tools) 
and provide emergency backup power for industrial applications 
and aircraft electrical systems. 

Leading NiCd battery manufacturers were BYD Co., Ltd. 
(China), Panasonic Corp. (Japan), and Sanyo Electric Co. 

Ltd. (Japan). NiCd batteries had been favored for use in css 
expensive consumer appliances and electronics owing to their 
cost advantage over other battery chemistries. However 
lithium-ion (Li-ion) batteries have begun to replace NiCd 
batteries in some low-cost electronics, as the manufacturing 
cost of Li-ion batteries has been decreasing, while the electrical 
storage capacity has been increasing. In 1994, a Li-ion battery 


15.] 


with a capacity of 1,100 milliampere-hours cost more than $10 
to manufacture. By 2001, a Li-ion battery of 1,900 
milliampere-hours cost $2 to manufacture. Though Li-ion 
battery production costs have continued to decline, in 2011, 
NiCd batteries still cost about one-half as much to produce as 
Li-ion batteries, but Li-ion batteries had a longer operating life. 
Despite the lower relative cost, global sales of NiCd batteries 
have reportedly declined from 1.42 billion cells in 1997 to 

770 million cells in 2010 (Prentice, 2011). 

Industrial-sized NiCd batteries potentially could be used to 
store energy produced by certain on-grid solar or wind systems. 
Excess energy generated during periods of low electricity 
demand could be stored in a battery storage system, from 
which it would be later dispatched during periods of high 
electricity demand. NiCd may be a favored battery chemistry 
for this use owing to its stability in offshore and harsh weather 
environments. 

Pigments.—Cadmium pigments are inorganic and based 
on cadmium sulfide, which is golden yellow in color. 

The replacement of zinc or mercury for cadmium and the 
replacement of selenium for sulfur forms the spectrum of 
cadmium pigments that range from bright yellow to maroon. 
Cadmium pigments are predominantly used to color plastics that 
are processed at high temperatures, as the pigments are able to 
withstand the elevated temperatures without degrading. 

Solar cells.—Cadmium telluride (CdTe) flexible 
thin-film solar cells were an alternative to traditional crystalline 
silicon solar cells and were suitable for commercial rooftop 
applications and large-scale, ground-mounted utility systems. 
In 2010 (latest data available), 1,437 megawatts of CdTe solar 
cells were produced globally, a 4196 increase from that of 2009. 
CdTe solar cells were the second leading type of solar cell 
produced, following crystalline silicon solar cells and ahead 
of thin-film silicon solar cells. More than one-half of the solar 
cells produced in 2010 were manufactured in China and Taiwan. 
Other leading producers included Europe, Japan, and the United 
States (Roskill’s Letters from Japan, 2011с). 


Prices 


The 2011 average New York dealer price for 
99,95%-minimum-purity cadmium, as published by Platts | 
Metals Week, was $2.76 per kilogram ($1.25 per pound), 29% 
less than the average price in 2010. In 2011, cadmium prices | 
continued to trend downward from a monthly average peak price 
of $4.52 in April 2010. In January 2011, the average ee 
New York dealer price decreased from that of December 
to $3.23 per kilogram ($1.46 per pound), the highest — 

onthly price in 2011, and then generally decreased uring the 
remainder of 2011, ending at an average of $2.54 per kilogram 


($1.15 per pound) in December. 


World Industry Structure 
In 2011, most of the world's refined cadmium was produced 


in Asia specifically China, Japan, and the Republic of Korea, 
Ш , 


followed by Central Europe and Eurasia, North America, and 
ollo 


Western Europe- 
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Global secondary cadmium production was thought to have 
accounted for approximately one-quarter of all cadmium metal 
produced. Most secondary metal was recovered at NiCd battery 
recycling facilities in Asia, Europe, and the United States. In 
Japan, NiCd battery recyclers included Kansai Catalyst Co., 
Ltd., Mitsui Mining and Smelting Co., Ltd., and Toho Zinc Co., 
Ltd. In Europe, NiCd battery recycling took place at Ассшес 
GmbH's facility in Germany, Saft AB’s plant in Sweden, and 
Societe Nouvelle D'Affinage des Metaux's two recycling 
facilities in France. 


World Review 


European Union.—In early March, the European Union 
Council of Ministers approved additional restrictions on the use 
of cadmium under the Registration, Evaluation, Authorisation, 
and Restriction of Chemicals legislation (commonly known as 
REACH). The new laws ban the sale in the European Union 
of brazing fillers, jewelry, and polyvinyl chloride (PVC) that 
contain more than 0.01% cadmium by weight. Exceptions to 
the rule include brazing fillers used for defense purposes and 
recycled plastics manufactured from PVC waste (American 
Metal Market, 20112). 

Australia.—Nyrstar’s Hobart zinc smelter in Tasmania 
produced cadmium metal from cadmium-bearing zinc 
concentrates sourced from zinc-lead mines in Australia. Most 
of the cadmium metal produced domestically was exported; 

a small amount was consumed in the country by specialized 
electroplating industries. 

Sun Metals Corp. Pty. Ltd.'s (a subsidiary of Korea Zinc 
Co., Ltd.) zinc refinery near Townsville, northern Queensland, 
had the capacity to produce 1,000 metric tons per year (t/yr) of 
cadmium cake (containing 7596 to 8096 cadmium). Sun Metals 
was thought to have exported most of the cadmium cake to 
Korea Zinc's Onsan zinc-lead refinery in the Republic of Korea, 
where it was refined into metal (Park, undated, p. 5). 

Belgium.—Belgium was a significant consumer of refined 
cadmium. Floridienne Chimie S.A. accounted for most of 


Belgian consumption for the production of cadmium compounds 


(carbonate, nitrate, and oxide) and powder, which were then 
exported to downstream consumers. It was estimated that the 
company consumed 4,800 to 7,200 t/yr of refined cadmium 
(Metal Bulletin, 2009). 

Brazil. —Votorantim Metais’ (Sao Paulo, a unit of Grupo 
Votorantim) Juiz de Fora zinc smelter in Minas Gerais was the 
sole producer of refined cadmium in Brazil. 

Canada.—Teck Resources Ltd. (Vancouver, British Columbia) 
produced approximately 1,000 t/yr of refined cadmium at its 
metallurgical complex at Trail, British Columbia. Refined 
zinc and lead metal were the main products produced at Trail 
along with a number of byproducts that included cadmium. 

The cadmium plant at Trail was constructed in 1991 to handle 
the increased cadmium contained in zinc concentrates from 

the Red Dog Mine in Alaska and can produce up to 1,400 t/yr 

of refined cadmium. Cadmium metal products included balls, 
billets, and sticks, which were mostly consumed by NiCd battery 
manufacturers, and continuously cast cadmium sheet. Cadmium 
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sheet is commonly used to shield radiation measurement and 
control devices from slow neutrons. Teck also produced cadmium 
chemicals. HudBay Minerals Inc.’s (Winnipeg, Manitoba) copper 
smelting and zinc refining operations in Flin Flon, Manitoba, also 
produced byproduct cadmium metal. 

China.—China was the world’s leading producer and 
consumer of refined cadmium. Though estimated production 
of cadmium fell slightly, imports of unwrought cadmium into 
China increased by 53% to 7,260 t in 2011 from that of 2010. 
Major import sources included the Republic of Korea (41%), 
Kazakhstan (16%), Japan (9%), Peru (6%), Russia (6%), and 
Mexico (5%) (Metal-Pages, 2012а). 

India.—Hindustan Zinc Ltd. (HZL, Udaipur) produced 
cadmium metal in the form of sticks at its Chanderiya lead-zinc 
smelter complex, Debari zinc smelter, and Vizag zinc smelter. 
During the fiscal year ending March 31, 2011, HZL produced 
493 t of cadmium. HZL’s cadmium metal production capacity 
was 833 t/yr—Chanderiya, 460 t/yr; Debari, 235 t/yr; and 
Vizag, 138 t/yr. During its next fiscal year, HZL planned to 
begin producing higher grades of refined cadmium. High-purity 
cadmium was typically used for nuclear shielding applications 
(Hindustan Zinc Ltd., 2011, p. 52, 100). 

Binani Zinc Ltd. also produced cadmium at its zinc plant in 
Binanipuram. During the fiscal year ending March 31, 2011, 
Binani Zinc produced 67 t of cadmium. Production capacity was 
80 t/yr (Binani Zinc Ltd., 2011, p. 24). 

Japan.—Cadmium production in Japan decreased by 18% 
in 2011 from that of 2010 as several cadmium-producing zinc 
refineries were temporarily closed after the Tohoku earthquake 
that took place in March (Metal Bulletin, 2011). 

In July, Sumitomo Metal Mining Co., Ltd. (Tokyo) announced 
that the company would begin using recycled zinc oxide 
materials instead of zinc concentrates as feedstock at its Harima 
zinc-lead smelter beginning in April 2012. Consequently, the 
smelter would no longer produce electrolytic lead and sulfuric 
acid, The change in raw material will also result in a 50% 
decrease in cadmium production (Roskill’s Letters from Japan, 
2011а; Sumitomo Metal Mining Co., Ltd., 2011). 

According to Japan’s Ministry of Economy, Trade, and 
Industry, Japanese production of portable NiCd batteries totaled 
92.8 million units in the first half of 201 1, a 17% decrease from 
that of the same period of 2010. However, the average value of 
the NiCd battery during this period increased by 5% compared 
with that in the first half of 2010, unlike the average value of 
all other rechargeable battery types, which decreased (Roskill’s 
Letters from Japan, 201 10). 

Korea, Republic of-—Korea Zinc (Seoul) was one of the 
leading suppliers of cadmium metal to China. Production capacity 
of refined cadmium at the company’s Onsan zinc-lead refinery in 
Kyoung Nam Province was approximately 3,000 (уг. Cadmium 
sticks were also produced at Young Poong Corp.’s (Seoul) Sukpo 
= ар In January 2010, the company announced that it had 
| panded its cadmium production capacity by approximately 75% 

? 1,400 tyr (Metal Bulletin, 2010). 

rums cadmium balls and sticks were produced at 

i. i es S.A. de C.V. s Met-Mex metallurgical complex 
- About 60% of the zinc concentrates processed at 


CADMIUM-—2011 


Met-Mex originated from Industrias Pefioles’ mines. During the 
first three quarters of 2011, 600 t of cadmium was produced at 
Met-Mex, which is the same amount produced in the same period 
of 2010. Grupo México S.A.B. de C.V. also produced cadmium 
ingots, mini-jumbos, spheres, and sticks at its electrolytic zinc 
refinery in San Luis Potosi. Cadmium-bearing zinc concentrates 
treated at San Luis Potosi were sourced from Grupo México's 
mines, principally the Charcas zinc mine. In 2011, Grupo México 
produced 600 t of refined cadmium at the San Luis Potosi 
refinery, unchanged from the amount produced in 2010 (Industrias 
Pefioles S.A. de C.V., 2012; Southern Copper Corp., 2012, p. 58). 

Peru.—Cadmium metal was produced at Votorantim's 
Cajamarquilla zinc refinery. Production in 2011 totaled 572 t, a 
60% increase from that of 2010 (Metal-Pages, 20125). 

Poland.—Huta Cynko produced 500 to 550 t/yr of cadmium 
at its zinc smelter (HCM) in Miasteczko. HCM was one of the 
few remaining zinc smelters that employed Imperial Smelting 
Process technology, which used bulk lead and zinc concentrates 
as feed material. HCM sourced most of its cadmium-containing 
concentrates from Xstrata's McArthur River Mine in Australia 
(American Metal Market, 2011b). 

Russia.—Cadmium metal in Russia was produced at 
Chelyabinsk Zinc Plant OJSC's (Chelyabinsk) zinc refinery and 
Ural Mining and Metallurgy Co.'s (Sverdlovsk) Electrozinc 


lead-zinc refinery. 


Outlook 


Concern over cadmium's toxicity has spurred various legislation, 
especially in the European Union, to restrict the use of cadmium in 
most of its applications. However, cadmium-containing residues 
will continue to be produced as a byproduct from zinc smelting, 
regardless of cadmium demand. If the applications and markets for 
cadmium continue to decline, excess byproduct cadmium may need 
to be permanently stockpiled and managed, similar to the situation 
that the U.S. Government faces with mercury. 

However, demand for cadmium may increase owing to 
increased usage in some industrial applications for NiCd batteries. 
NiCd batteries power some battery electric vehicles in circulation 
and are also used in a limited number of hybrid electric vehicles. 
NiCd batteries have been used to support various renewable 
energy installations owing to their long service life, low 
maintenance, and stability in harsh weather environments. NiCd 
batteries were also used as a buffer in transportable, renewable 
hybrid-power systems developed to generate electricity in remote 
locations and underdeveloped regions. 
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United States: 
Production of metal” metric tons 735 777 633 
Shipments of metal by producers do. 692 774 737 563 W 
Exports of metal, alloys, scrap do. 424 421 306 271 
Im do. 316 197 122 221 211 
W 


ports for consumption, metal, alloys, and scrap 
Apparent consumption of metal 


Apparent consumption of metal eee 
Price, average, New York dealer! dollars per pound 3.45 2.69 
ollars per kilogram 5.92 2.87 . 3.90 2.76 


World, refinery production 


TABLE 1 
SALIENT CADMIUM STATISTICS! 


РЕ ———ÓÁ G ЕВ 
2007 2008 2009 2010 2011 


do. 


594 


*Estimated. ‘Revised. Do., do. Ditto. W Withheld to avoid disclosing company proprietary data. 


'Data are rounded to no more than three significant digits, except prices. 


528 


661 


199 
1.30 


637 


477 
1.77 


*Primary and secondary cadmium metal. Includes equivalent metal content of cadmium sponge used directly in production of compounds. 


Price for 1- to 5-short ton lots of metal having a minimum purity of 99.95% (Platts Metals Week). 


TABLE 2 


SUPPLY AND APPARENT CONSUMPTION OF CADMIUM METAL! 


Producer stocks, January 1? 
Production 
Imports for consumption, metal, alloys, and scrap 
Total supply 
Exports of metal, alloys, scrap 
Producer stocks, December 312 
Consumption, apparent? 
W Withheld to avoid disclosing company proprietary data. 


(Metric tons) 


2007 
74 
735 
316 
1,130 
424 
107 
594 


1 
Sis a rounded to no more than three significant digits; may not add to totals shown. 
Beginning stocks may not equal ending stocks of the prior year owing to inventory adjustments. 


3 А 
Total supply minus exports and yearend stocks. 
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1.25 


22,200 * 


ро.” d 7.61 
metric tons 18,7007 21,8007 20,200" 22,800 


15.5 


15.6 


Cadmium (Cd) metal: 


Germany 
Hong Kong 
Israel 
Korea, Republic of 
Mexico 
Singapore 
Sweden 
United Kingdom 
Other 
Total 
Of which: 
Unwrought and powder 
Waste and scrap 
Other 
Cadmium sulfide, gross weight: 
Germany 
Italy 
Mexico 
Switzerland 
United Kingdom 
Total 
Total, calculated Cd content 
Cadmium pigments: 
Argentina 
Belgium 


вай 
Сапада 
Chile 
China 


Colombia 
Dominican Republic 
Ecuador 


р 


Егапсе 


и о 


Germany 


роди 


Guatemala 
Hong Kong 


_ Fong К 
India 
Israel 


LM 


Italy 


_ = ~ 


Jamaica 


Mexico 

New Zealand 
Russia 
Switzerland 
Taiwan 


Trinidad and Tobago 
United Arab Emirates 
United Kingdom 


Other 


Total 
"Revised. XX Not applicable. — Zero. 


Граја are rounded to no more than three significant digits; 
?Includes exports of unwrought cadmium, 


Source: U.S. Census Bureau. 


TABLE 3 
U.S. EXPORTS OF CADMIUM PRODUCTS, BY COUNTRY AND ТҮРЕ! 


may not add to totals shown. 
other cadmium, and waste and scrap. 
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Value 


$69,200 
81,700 
443,000 
158,000 
13,400 
128,000 
32,700 
51,400 
8,270 
34,100 
58,200 
1,080,000 


223,000 
64,400 
790,000 


21,000 
9,830 


57,600 
638,000 
2,020,000 
9,260 
9,440 
10,900 


68,000 
230,000 
77,900 
44,900 
9,620 
25,600 
3,610,000 


162,000 
35,300 
100,000 
14,400 
3,050 
119,000 
7,250,000 


2010 
Quantity Quantity 
(kilograms) Value (kilograms) 
- -- 5,960 
28,900 $145,000 11,600 
122,000 350,000 192,000 
23,600 292,000 114 
19,200 10,800 3,060 
53,600 342,000 29,200 
38,500 99,400 19,500 
897 21,300 6,230 
_ з 2,040 
15,000 56,200 22 
== = 901 
4,510° 199,000 ' 411 
306,000 1,520,000 271,000 
75,300 571,000 62,900 
zs = 4,700 
231,000 945,000 204,000 
9,990 5,200 40,500 
- E 18,900 
30,800 16,000 = 
6,140 3,190 - =: 
= = 12,100 
46,900 24,400 71,500 
36,500 XX 55,600 
60,100 123,000 = 
E 2: 7,980 
9,030 99,200 73,100 
316,000 2,350,000 309,000 
+ = 2,350 
36,300 158,000 175 
2,110 13,400 198 
3,520 20,100 -- 
= В 4,340 
5,350 42,500 - 
3,460 17,800 4,560 
96,300 172,000 40,000 
2,330 10,700 - 
:: Ре 3,320 
13,000 117,000 901 
2,560 16,200 = 
12,800 26,700 883 
1,430,000 4,660,000 988,000 
9,320 9,270 = 
= - 9.180 
11,300 669,000 - 
3,430 15,000 1,010 
14,300 25,500 34,200 
| В 14,400 
6,120 21,300 127 
10,300 129,000 6,270 
2,050,000 8,700,000 1,500,000 


K—2011 


Quantity 
Cadmium (Cd) metal 
Australia 34,000 $135,000 56,000 $235,000 
Austria - -- 39 2,490 
Belgium 16,600 365,000 20,300 480,000 
Canada 7,530 612,000 30,000 849,000 
China 15,500 136,000 1,510 12,500 
France -- ~ 96 16,800 
Germany 66,300 315,000 10,100 28,100 
India 125 11,600 ~ = 
Japan 28 19,500 20 30,500 
Korea, Rebublic of ~ -- 40,600 119,000 
Mexico 60,000 236,000 20,000 52,800 
Norway 20,000 1,040,000 = s 
Peru -- == ] 0,000 34,400 
Russia 30 9,300 -- ER 
United Kingdom 1,270 37,400 21,900 169,000 
Total 221,000 2,910,000 211,000 2,030,000 
Of which: 
Unwrought and powder 216,000 2,400,000 201,000 1,240,000 
Waste and scrap 59 6,120 23 3,600 
Other 4,910 509,000 9,140 786,000 
Cadmium oxide: 
Belgium 201,000 1,750,000 97,500 930,000 
India 540 13,000 -- -- 
Total 202,000 1,770,000 97,500 930,000 
Total, calculated Cd content 177,000 XX 85,400 XX 
Cadmium sulfide, gross weight: 
Canada 140,000 611,000 149,000 696,000 
China — -- 22 5,100 
Germany 122 32,400 20,400 34,900 
India 830 17,100 1,560 19,400 
Russia 115,000 2,730,000 59,000 2,090,000 
United Kingdom 1; 4,200 5 14,700 
Total 255,000 3,400,000 230,000 2,870,000 
Total, calculated Cd content 199,000 XX 179,000 XX 
Cadmium pigments: 
Belgium 850 12,600 1,050 15,500 
Brazil 9,790 250,000 11,700 360,000 
Canada 2,540 53,700 2,750 35,400 
China m -- 900 24,000 
Colombia 9,000 24,800 - D 
France == mx 100 6,490 
Germany 110,000 759,000 232,000 1,280,000 
раш - - 1,510 69,000 
Japan 58 11,300 1,500 71,600 
Netherlands 892 5,840 -- л 
Sweden 1 3,460 к Ө 
Taiwan - = 1,460 14,200 


United Kingdom 


TABLE 4 
U.S. IMPORTS OF CADMIUM PRODUCTS, BY COUNTRY AND ТҮРЕ! 


2010 


99,400 


1,730,000 


2 ! 
Includes imports of unwrought cadmium, other cadmium, and waste and scrap. 


Source: U.S. Census Bureau. 
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MEE EE 


Quantity 


1,650,000 


Jawan —— -- 
. Mniled Kingdom 

ns — — 7332000 — 285000 343000 ^ — - 3530006 
XX Not applicable. — Zero. 0,000 


Data are rounded to no more than three significant digits; may not add to totals shown. 
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15.8 


TABLE 5 
CADMIUM: WORLD REFINERY PRODUCTION, BY COUNTRY" 


(Metric tons) 


ntah a ни TT LR 
2011° 


Country 
Argentina 
Australia 
Brazil 
Bulgaria 
Canada? 
бепапу o a o 
India 


Ваа аав 
жау 
Јарап 


е. му шы э На 


Kazakhstan 


a eS шы 


Korea, North* 


eee) T ooa 


Korea, Republic of 
Mexico 


„е ———————— 


Netherlands 
Norway 


pbi EC 


Peru 


= ап —_————— 


Poland 


und MN CNN E MEUM LE E 


Russia 


Кыа арар 
Ukraine 


United States’ 


VECO ИУ __________________-----–– 


Total 


Estimated. "Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data, not included in total. -- Zero. 


Туз table gives unwrought production from ores, concentrates, 
do not indicate if secondary metal (recovered from scrap) is included or not, where known, 


available through May 18, 2012. 


2World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


3Includes secondary. 
"Reported figute. 


2007 
35 
351 
200 
459 
1,388 
4,210 
475" 
580 ' 
10 
1,939 " 
1,300 " 
200 
2,846 
1,617 
495 
269 


735 
18,700 ' 


2008 
38 
350 
200 
460 
1,409 
6,960 
420 
599 
10 
2,126 ' 
1,100 " 
200 
3,090 
1,550 
530 
178 


71 
21,800 ' 


2009 
36 
370 
200 
420 
1,299 
7,050 " 
278 
610 
10 
1,824 
1,300 " 
200 
2,500 
1,210 
490 
249 


633 
20,200 " 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOO 


2010 
32 ' 
350 
200 
420 ' 
1,300 
7,200 
290 ' 
620 
10 
2,142 ' 
1,400 ' 
200 
4,166 ' 
1,483 
560 ' 


637 
22,800 ' 


30 | 
390 
200 
420 
1,767 >“ 
7,000 
300 


630 
10 


1,755 ^ 
1,400 
200 
4,000 
1,480 
570 


22,200 


flue dusts, and other materials of both domestic and imported origin. Sources generally 
this has been indicated by a footnote. This table includes data 
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CEMENT 
By Hendrik G. van Oss 


Domestic survey tables were prepared by Richard H. Kraft, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


Production of portland and masonry cement in the United 
States increased by 2.2% in 2011 to a total of 67.9 million 
metric tons (Mt) (table 1). Although welcomed as an 
improvement by the industry, the 2011 output was the third 
lowest since 1992 and was 31.4 Mt less than the record output 
in 2005. As measured by sales to domestic final customers, 

U.S. consumption of cement increased by 2.6% to 72.3 Mt in 
2011 (table 9) after 5 years of consecutive declines; this was 
also the third lowest volume since 1992, and 55.7 Mt less than 
the record level in 2005. Despite the modest increase in sales 
volumes, the average unit price declined in 2011 by about $2.50 
per metric ton on an ex-factory basis and the overall value of 
sales declined slightly to $6.44 billion as a result (tables 1, 
11-13). Again because of much lower sales volumes and unit 
prices, the overall value of sales in 2011 was one-half that of the 
record sales of $12.90 billion in 2006. Based on typical portland 
cement mixing ratios in concrete, the delivered value of concrete 
(excluding mortar) in the United States was estimated to be at 
least $39 billion in 2011. World production of cement increased 
10.4% to 3.61 billion metric tons (Gt). 

Percentage or other changes expressed in this report compare 
activity in 2011 with that of 2010 unless specified otherwise. 
Except where otherwise indicated, data and trends in this report 
exclude those in Puerto Rico. Cements covered in this report are 
limited to those hydraulic varieties broadly classified as portland 
cement (including blended cement and other varieties listed 
In table 15) and masonry cement (including portland-lime and 
plastic cements); these are the binding agents in concrete and 
most mortars. A few other types of hydraulic cement (notably 
aluminous cement) are included in some of the trade data 
(tables 16-18 and 21; some also include data for clinker) and 
within the world production data (table 22). This report’s 
tables exclude supplementary cementitious materials (SCM), 
such as fly ash, other pozzolans, and ground granulated blast 
furnace slag (GGBFS), except to the degree that the SCM are 
incorporated within finished portland (blended) or masonry 
cements or are used as raw feed for clinker manufacture. 

Sales data for blended (also called composite) cements listed 
separately from portland cement are available in the monthly 
Mineral Industry Surveys reports of the U.S. Geological Survey 
(USGS). 

Most of this report is based on data compiled from USGS 
annual questionnaires sent to cement and clinker manufacturing 
plants and associated distribution facilities and import terminals 
and certain terminals that are independent of U.S. cement 
manufacturers, For 2011, questionnaires were received for 153 
of 157 sites canvassed, a response rate of 97%, which included 
all of the active production facilities. Not all forms were 
returned fully completed, but the data received included 100% 
reporting for production of cement and clinker Likewise for 
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2010, questionnaires were received. from 154 of 159 facilities 
canvassed, also a response rate of 9796, which included all of 
the production sites and 10096 of production data. Missing 

data were estimated based on monthly data or past annual 
reporting. For both years, the data exclude a few importers that 
did not participate in the surveys. To the degree that they are 
independent of the participating companies, sales by the missing 
importers are estimated at no more than an additional 0.2% of 
the total portland cement sales in 2011 and no more than an 
additional 0.696 in 2010. General background information on 
cement and its manufacture and on the USGS cement canvasses 
is given in van Oss (2005). 


Government Programs and Environmental Issues 


A variety of Government programs provide funding and 
direction for public sector construction and are thus of 
importance to concrete, and hence cement, consumption 
levels. By comparison to some other construction materials, 
concrete commonly is less sensitive to rapid swings in 
construction spending levels, mainly because of lead times 
preparatory to concrete construction and the common need 
to coordinate between State and Federal agencies. Lackluster 
cement consumption levels in 2011 for public projects, as in 
the preceding 2 years, continued to indicate that little of the 
American Recovery and Reinvestment Act of 2009 “stimulus” 
funding had been spent on concrete projects. Government 
funding of highway projects was considered inadequate to 
address the need for major repairs and upgrades to the country’s 
infrastructure, but renewed or enhanced-level funding for such 
projects was not attained by yearend 2011. 

Past issues of dumping of foreign cement into the U.S. market 
have declined in importance in recent years Owing to the major 
recession-related downturn in cement consumption levels 
overall, and a substantial collapse in cement import levels. 
Nevertheless, following a “sunset” review of antidumping duties 
against gray portland cement and clinker imports from J apan 
the U.S. Intemational Trade Commission (2011) in December 
recommended retention of the duties. 

Environmental issues pertaining to the cement in 
result from the manufacture of the intermediate кы? 
clinker. In making clinker, the consumption of large amounts 
of carbonate raw materials and fuels leads to large emission 
of carbon dioxide (CO,), and can yield Significant emission | 
(if not scrubbed out) of nitrogen oxides (NOx), sulfur oxid 
(SOx), mercury and some other metals, volatile Organic =. 
compounds, and particulates. Increasingly, these emission = 
regulated or are being considered for regulation or rere | и 

The largest volume emissions by far are of CO. the oa 
cement industry is one of the leading industrial emitt 
this greenh т 

gr ouse gas (ОНО). Overall, unit emissions CO by 
2 
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the U.S. cement industry in 2011 were calculated to be in the 
range of 0.86 to 0.93 metric ton (t) of CO, per ton of clinker 
produced; the average unit emission was 0.89 t. The high-end 
estimate incorporates fuel combustion emissions calculated 
using “standard” heat values for the fuel quantities consumed 
(table 7), the low-end estimate incorporates heat values actually 
reported by the individual plants. These ratios are significantly 
unchanged from those of 2010, and include a standard emissions 
factor from calcination of limestone of 0.51 t of CO, per ton of 
clinker as detailed by the Intergovernmental Panel on Climate 
Change (Hanle and others, 2006), but exclude any correction for 
cement kiln dust (CKD) not recycled to the kiln (for which data 
are lacking). The calcination component of CO, emissions can 
be reduced in the calculation in proportion to the calcium oxide 
contributed by noncarbonate alternative raw materials such as 
ferrous slags and coal combustion ashes. This incorporation 
would allow a reduction of calcination-related emissions 

of about 2.7% (0.8 Mt) in 2011 and 2.5% in 2010. This 15 
equivalent to removing the total emissions (including from 
fuels, and without adjustments) of 1.5 “average” U.S. cement 
plants for each year. Relative reductions can be significantly 
larger for the subset of individual plants that actually burn these 
alternative raw materials. Certain fuels, including alternative or 
waste fuels, can either directly reduce plant-level CO, emissions 
or may be allowed to be deducted from reported combustion 
emissions because they are lower in carbon content per unit 
heat, the fuels are considered to be carbon-neutral (certain 
biofuels), or because credits may be allowed for their use 
(certain waste fuels). Fuel deductions have not been made in 
the averages noted above. Apart from substitution of alternative 
raw materials, plant-level emissions from combustion can 

be reduced through upgrading to more fuel-efficient kiln line 
technology. Unit emissions on a finished product basis can also 
be reduced by use of SCM and crushed limestone or other fillers 
in finished cement and in concrete to reduce the clinker content 
of these products. 

The U.S. Environmental Protection Agency (EPA) applies 
emissions factors similar to those noted above to USGS data 
on clinker production to calculate and report GHG emissions 
associated with the U.S. cement industry. However, the EPA 
was evaluating transitioning to direct GHG emissions reporting 
for its GHG reporting obligations; beginning in 2011 (2010 
emissions year), the cement industry was required to directly 
report its annual GHG emissions to the EPA. The published 
results of the 2011 emissions year mandatory reporting 
(US. Environmental Protection Agency, 2013), combined with 
USGS data for clinker production, calculate, as in 2010, to an 
average unit emission of 0.90 t CO, per ton of clinker, excluding 
the reported, but very minor, CO,-equivalent emissions of | 
methane and nitrous oxide (МО). This national average 15 in 
close agreement with the USGS estimate noted above. 

A variety of other emissions from cement plants have come 
under stringent regulation in recent years. In 2010, the EPA 
issued (then) final rules pertaining to the national emissions 
standards for hazardous air pollutants (NESHAP), in which new, 
very low, limits on individual plant emissions of mercury, es 
hydrocarbons, particulate matter (as а surrogate ud atile 
metal pollutants), and hydrochloric acid were establishe 
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for cement plants that do not burn hazardous wastes, and, 
separately, published performance standards and emissions 
guidelines for commercial and industrial waste incinerator 
(CISWT) units. The cement industry argued that no U.S. cement 
plants could meet all of the NESHAP standards, that there 
would be confusion as to whether certain waste-burning plants 
would be governed by NESHAP or CISWI standards, and that 
compliance with the new regulations by the stipulated deadline 
(2013) would be essentially impossible for many plants, which 
would then, presumably, have to close. Pertaining to “waste” 
materials, the industry argued that many alternative materials, 
not hitherto classified as wastes, would be reclassified as 

solid wastes and that the plants currently burning them would 
have to either go through the lengthy process of obtaining 
waste-burning permits or would have to cease consuming 

the materials. In March 2011, the EPA published guidance 

as to which nonhazardous materials would be considered to 

be solid wastes and, separately, issued the final rule for the 
CISWI standards (U.S. Environmental Protection Agency, 
2011a, b). Although certain industry (and industry opponent) 
objections to the NESHAP were addressed by the EPA in May 
(U.S. Environmental Protection Agency, 2011c), the Portland 
Cement Association (PCA) issued a challenge to the combined 
new regulations in the U.S. Court of Appeals for the District of 
Columbia. In the meantime, the U.S. House of Representatives 
issued an act supporting the cement industry (U.S. House of 
Representatives, 2011). In early December, the U.S. Court of 
Appeals ruled in the PCA case that the EPA should reconsider 
some aspects of the NESHAP, but the court left major sections 
of the regulations intact. It was anticipated that some technical 
objections would be resolved by the EPA, but the most 
anticipated change was a 2-year delay in the compliance date to 
September 2015. 


Production 


In 2011, U.S. production of portland cement increased by 
2.596 to 66.1 Mt (table 3). The increase reflected stronger 
cement sales during the year combined with a continued decline 
in cement imports. Still, with the exception of 2009—10, output 
in 2011 was the lowest since 1991. Production increases and 
declines among districts were mixed, but most declines were 
relatively small. Output declines in the Maine and New York, 
Pennsylvania, and Illinois districts were because of continued 
idle status or outright closure of one plant in each of these 
districts in 2010 or 2011. A major production increase in 
Missouri was because of the continued ramp up of output to 
near capacity levels of one large plant; this facility was able to 
service customers throughout the Mississippi River system and 
thereby offset the loss of production capacity resulting from 
closures or idlings in 2009 of three plants in the same large 
market area. 

Overall annual production capacity in 2011 declined by | 
nearly 1.5 Mt, reflecting permanent closures of the production 
lines at three plants in the districts noted above (the facilities 
continued to act as distribution terminals), and the partial offset 
by a new plant coming online in Arizona; the 2011 plant counts 
reflect these developments. In reality, the plant counts and 
capacities in several districts remain somewhat inflated because 
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of the existence of idle capacity for which no formal closures 
had been announced by yearend 2012. Most idle production 
facilities, however, remained active as distribution terminals. 
Although still very low, production capacity utilization for 
the country increased modestly to 54.3%. Only one district 
(southern Texas) had a capacity utilization approaching “full 
practicable” levels (taken to be 85%). 

Housing construction continued to decline in 2011, which 
again adversely affected sales of masonry cement, and caused 
production of masonry cement to decline by 7.5% to 1.8 Mt 
(table 4), the lowest level since at least 1954 (levels prior to this 
are not comparable owing to incomplete data). 

With multiple subsidiaries of common parents combined 
under the larger subsidiary’s name and with joint ventures 
apportioned, the 10 leading companies at yearend 2011 were, in 
descending order of portland cement production, Holcim (US) 
Inc., CEMEX, Inc., Lehigh Cement Co., Lafarge North America 
Inc., Buzzi Unicem USA Inc. (including Alamo Cement Co.), 
Ash Grove Cement Co., Texas Industries, Inc. (TXI), Essroc 
Cement Corp., Eagle Materials Inc., and CalPortland Co. The 
U.S. industry remained heavily consolidated, with the 5 leading 
cement companies, combined, contributing 57% of total U.S. 
portland cement production, and the 10 leading companies 
accounting for 80% of total production. Of the above named 
companies, all except Ash Grove, Eagle Materials, and TXI 
were foreign owned as of yearend. For the U.S. industry overall, 
about 80% of total cement output and capacity was by foreign- 
owned companies. 

Clinker production in 2011 increased by 2.4% to 61.2 Mt 
(tables 1, 5) but, except for 2009-10, was the lowest output 
since 1985. Monthly production (not tabulated in this report) 
was erratic overall, showing year-over-year gains of more 
than 10% in March, November, and December, but declines 
or essentially stagnant outputs in the other months. Apparent 
annual capacity fell by 2.8% to 106 Mt. The apparent decline 
Was in part because of the “closure” of plants in New York, 
Pennsylvania, and Illinois, as noted above; the formal closure 


in 2011 of the kilns (idle since 2009) at a plant in California; 


the 2010 closure (credited in 201 1) of three wet kilns at a plant 
In Arkansas; and the late 2010 closure of the kilns at a plant 

in Washington. The overall decline was partially offset by 

the opening of a new plant in Arizona. Utilization of capacity 
Increased to 58% (from about 55% in 2010), but the utilization 
statistic is heavily dependent on the reported number of days 

of downtime for routine maintenance. As in 2010, many plants 
reported much longer than normal downtimes for this purpose 
In 2011; where this was Obvious, corrections were made in both 
years (after consultation with the plants) to remove the extra 
downtime (a result of slow sales) from the statistic. With the 
exception of the southern Texas district (87.5%), all districts 
continued to show capacity utilization rates well below the 
presumed “full practicable” capacity utilization rates of 85% or 
more that have been experienced during years of high cement 
Sales volumes, Many plants continued to have one or more kilns 
idle for all ог much of the year, and to operate “active” kilns 

оп а more Intermittent basis than would be expected normally. 
Yearend clinker stockpiles declined by nearly 3% to 4.6 Mt 
(table 5). Along with the strong increases in clinker production 
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toward yearend noted above, the stockpile decline could be 
interpreted as largely demand driven, or at least in line with the 
continued idle status of many kilns. However, plants normally 
try to build clinker stockpiles at yearend in anticipation of 
temporary shutdowns for maintenance (typically performed in 
the first 2 months of the following year), and stocks actually 
increased, perhaps for this reason, in a majority of districts. 

In terms of plant (kiln) technology, the count for wet plants 
declined by two owing to closure of plants or their kilns in New 
York and Seattle. The dry plant count dropped by one owing to 
plant closures in California, Pennsylvania, and Illinois being 
offset by a new plant in Arizona and the closure in 2010 of wet 
kilns at a combination (“Both”) plant in Arkansas; the latter 
resulted in the plant being reclassified as dry for 2011. 

Table 6 lists the nonfuel raw materials consumed to make 
clinker and cement. Although the ratios among the raw 
materials, and between them and the total cement and clinker 
produced, appear broadly similar for the 2 years shown, the 
consumption for clinker of ferrous feeds appeared to have 
increased significantly, some aluminous feeds appear to have 
declined, and steel slag appears to have increased significantly. 
A significant decline in fly ash for clinker appears partly offset 
by an increase in other combustion ashes and this may merely 
represent misidentification of some of the material. It should 
be noted, however, that apparent changes or substitutions may 
reflect consumption shifts at a relatively small number of plants. 
The significant increase in consumption of fly ash for cement, 
and a strong decrease in consumption for cement of granulated 
blast furnace slag appear to reflect changes in the equivalent 
blended cement sales (table 15). 

The consumption data in table 6 for fly ash and other ash 
(for clinker and cement combined) have long been similar 
to those published by the American Coal Ash Association 
(ACAA) regarding fly ash and bottom ash sales to the cement 
industry for making blended cement and clinker. However, 
for fly ash, the ACAA sales in 2010 were 26% lower, and in 
2011 were 36% higher, than the tonnages in table 6 (American 
Coal Ash Association, 2012). For bottom ash, the ACAA 
sales were 18% higher in 2010 and 1494 lower in 2011, than 
the comparable tonnages in table 6. It is unclear Whether the 
differences represent the timing difference between actual sales 
and consumption (including from stockpiles), or if a significant 
component is misidentified within the USGS survey responses 
The “Gypsum and anhydrite” data in table 6 include 0.801 Mt. 
of synthetic gypsum in 2010 and 0.816 Mt in 201 l, but this 
likely underrepresents actual use of the Synthetic materia] 
because the USGS canvass does not require that the two types 
of gypsum be differentiated. In recent years, the USGS data f. 
synthetic gypsum have exceeded those reported by the AC АА, 
likely because the ACAA does not Survey the cement plants’ 
own production of the synthetic material. However, the ACAA 
reported 1.03 Mt of synthetic gypsum sales to the cement 
industry in 2010 and 0.938 Mt in 2011. 

Fuel consumption by the cement indus i : 

Data shifts can reflect activities at justa E Viris i bin 
overall mass ratios among fuels in total and relative to ЊЕ 2: 
roductio igni ine i . clinker 

p n, a significant decline in 2011 was evident in the rati 
of petroleum coke to coal consumed. Both wet and dry plants o 


16.3 


o HAN 


boosted their consumption of natural gas as a running fuel (as 
opposed to use mainly for kiln warm ups) in response to low gas 
prices. The natural gas data for both years include a component 
of landfill gas at two plants. Wet plants appeared to have 
substituted more liquid wastes (including used oils) for fuel oil 
in 2011. 

Although not shown in table 7, overall unit heat consumption 
(gross heat basis) in 2011 was about 4.1 billion joules (GJ) per 
metric ton of clinker, significantly unchanged from consumption 
in 2010. Wet kiln plants averaged 7.0 GJ per ton of clinker, up 
by about 4%, and dry kiln plants averaged 3.9 GJ in 2011, down 
by about 2%. It remained unclear whether or not the industry 
overall was experiencing any heat efficiency penalties for the 
common practice in 2010 and 2011 of operating kilns on an 
intermittent basis and with longer overall downtimes than would 
be customary in busy years. Overall, coal continued to supply 
the largest share of total heat consumed (64%), followed by 
petroleum coke (about 17%), and waste fuels (about 10%). 

Average unit electricity consumption declined slightly overall 
and for dry plants, but was significantly lower for the remaining 
wet plants (table 8). The improvement appears to reflect the 
higher rate of grinding (cement) capacity utilization noted 
earlier. 

In early October, Argos USA, the U.S. subsidiary of the 
Colombian cement producer Cementos Argos S.A., completed 
the purchase of most of Lafarge’s southeastern U.S. cement 
and concrete assets (Argos USA, 2011). Included within this 
purchase were the 1.6-million-metric-ton-per-year (Mt/yr) 
Roberta, AL, integrated cement plant; the 0.5 Mt/yr Atlanta, GA, 
grinding plant; the 1.1 Mt/yr Harleyville, SC, integrated cement 
plant; and a variety of terminals. Not included in the purchase, 
however, was Lafarge’s cement import terminal at Charleston, 
SC. 

Early in 2011, Drake Cement LLC recorded its first 
production of cement and clinker from its new Drake, AZ, 
integrated plant, completed in late 2010. This was the only new 
producer during 2011. At midyear, CalPortland Co. formally 
closed the production facilities of its Colton, CA, integrated 
plant; the plant’s kilns had been idle for more than a year, but 
its finish mill had remained active. The site was to continue to 
act as a terminal. In June, Holcim indefinitely idled its Catskill, 
NY, integrated plant. Because this plant recorded no production 
in 2011 and was formally announced as closed in March 2012, 
it was removed from the plant count (tables 3, 5) for 2011. In 
October 2011, Lafarge announced the closure of its Fredonia, 
KS, integrated plant in early 2012 (Lafarge North America, Inc., 
Ма of plant upgrade or expansion projects were 
underway during 2011, but no major projects (new or upgraded 
kiln lines or similar) were announced as completed during the 
year nor were new such projects announced. Many plants were 
upgrading their emissions control and monitoring systems ahead 
of the EPA emissions limitations noted earlier. In particular, 
whereas 49 plants reported having some or all kilns without 
continuous emissions monitoring system (CEMS) З t only 

12 plants reported having kilns lacking a CEMS in . 
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Consumption 


This report presents data on cement sales to domestic final 
customers from both the USGS annual canvass (tables 1, 11, 12, 
and 14) and monthly surveys (table 9). Despite close agreement 
in the national totals between the annual and monthly data, 
only table 9 regional breakout tonnages represent State-level 
consumption. The regional breakouts in tables 11, 12, and 14 
simply pertain to the locations of the reporting entities (chiefly 
the production sites), not the locations of consumption. It is very 
common for shipments to cross State lines. 

Sales of portland cement in 2011 increased in all months 
except March and April, relative to the same months in 
2010, and essentially continued a growth trend that began 
in March 2010. The 2.8% rate of increase in domestic sales 
for 2011 overall (table 9) was similar to the 3.1% growth in 
sales for March through December 2010 relative to 2009. 
Notwithstanding the gains, total consumption in 2011 was still 
52 Mt (42%) less than in the peak year of 2005. Only 16 States 
showed consumption declines of 1% or more in 2011; the largest 
decline was in Louisiana (down by 14.4%) and likely reflected, 
in part, severe rainfall from tropical storm Lee. Several States 
showed consumption gains of 10% or more; the largest relative 
increases were in the District of Columbia, a 63% increase, and 
North Dakota, up by 46%. Per-capita consumption of portland 
cement was 221 kg in 2011, significantly unchanged from 
that of 2009-10. This remained the lowest level since 1947 
and was well below the 413 kg per capita level for the record 
consumption year of 2005. Masonry cement consumption 
decreased by 4.1% to 1.8 Mt (table 9), the lowest level 
since 1946 and only about one-third the level in the record 
consumption year of 2005. 

As noted earlier, a few importers do not participate in the 
USGS annual cement canvass, and their sales—to the degree 
that they were made to final customers and not to other | 
(reporting) cement companies—are missing from the data in this 
report. An estimate of the missing sales volumes can be made 
by comparing the U.S. Census Bureau trade data (tables 17 and 
21) with the USGS data for import origins of sales (table 9). 
Excluding imports from France—largely into Norfolk, VA, and 
likely all aluminous cement or its clinker—the Census “excess 
for 2011 was only about 0.03 Mt. However, this result appears 
to be too small, based on known gaps in the USGS sales data 
relating to the imports (table 18) from, especially, the Republic 
of Korea into the Philadelphia, PA, customs district, and lesser 
amounts of cement into other districts from other countries. — 
Adjusting for these, and for stockpile changes at importers, it 15 
estimated that the annual sales tables are missing about 0.2 Mt 
(about 0.2%) of portland cement sales in 2011 and about 0.4 Mt 
(about 0.6%) in 2010. 

Regional breakouts of price data (as mill net values) are — 
listed in tables 11 and 12; again, table 9 gives a better indication 
of State-level consumption tonnages. As in table 9, regional 
portland cement sales tonnages in table 11 reveal a mix of 
increases and decreases in 2011, but show a modest Increase 
overall. Price changes commonly lag changes in sales volumes 
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because of the common existence of long-term pricing contracts. 


Despite the higher sales volumes, unit prices in 2011 fell in 
all but three districts and the overall price for the country 
declined by 3.3%. Although modest compared with the nearly 
7% decrease ($6.50 per metric ton) in 2010 relative to 2009, 
the price decline in 2011 completely offset the sales tonnage 
increase in terms of overall revenues. Price shifts for masonry 
cement (table 12) are difficult to evaluate because of the high, 
but variable, percentage of sales that are in bag or package form 
rather than the much cheaper bulk form; the split between bag 
and bulk sales is not reported to the USGS. As listed, the unit 
price for masonry cement increased by nearly 2% despite a 5% 
decline in sales volumes. 
Table 10 lists sales of portland cement by mode of 
transportation. Major changes evident in 2011 are a greater 
reliance on rail and barge transport for the loading of terminals 
by the plants and, in terms of sales to final customers, greater 
reliance on terminals. Assuming correct reporting, waterborne 
shipments from terminals were significantly higher in 2011 than 
in recent years. In contrast, shipments by rail to final customers 
declined significantly. 
Within a given category of construction, cement consumption 
levels broadly reflect levels of construction spending, but 
significant time lags may exist between the onset or cutoff of 
spending and changes in the consumption of cement. In terms of 
1996 constant dollars, overall construction spending in 2011 fell 
by 5.4% to about $476 billion (Portland Cement Association, 
2013). Public sector construction remained the largest share 
of the total at $163 billion, down by 10.5%; within this sector, 
construction spending for buildings declined by 6.9% to $63 
billion, spending for roads decreased by 9.0% to $44 billion, 
and sewage and waste disposal expenditures declined by 13.5% 
to about $14 billion. With single-family housing starts stagnant, 
residential construction spending was $160 billion, down by 
2.6%, and nonresidential building construction spending was 
$88 billion, down by 6.7%. Given these spending declines, 
the higher cement sales tonnages noted above for 2011 point 
to an apparent increase in cement or concrete “intensity” 
of construction. Higher cement intensity can result from 
shifts in spending from repairs to new construction (more 
concrete-intensive), more projects in their actual concrete-use 
phase, or less expensive cement or concrete or other perceived 
advantages of concrete over competing construction materials. 
Although the statistic is fraught with variables (including 
variation among types of construction), a crude indicator of 
overall cement intensity would simply divide total construction 
spending by the total tons of portland and masonry cement 
consutned overall; in 2011, this would calculate to 152 t of 
cement consumed per million dollars, compared with 140 t in 
2010. The ratio for 2011 si gnificantly exceeds those of the peak 
vri consumption years of 2005 (146 t) and 2006 
Portland cement sales in 2011 are broken out by customer 
type in table 14. Ready-mixed concrete producers, as listed, 
к анны м A = shipments, but the true percentage 
о oP was larger (probably about 75%) 

me sales were reported under other types, such as 
airport and road paving contractors, which also made use of 
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ready-mixed concrete; likewise, sales to these contractors could 
be underreported. As listed on table 14, sales to ready-mixed 
customers increased by 3.8%, sales to airport contractors 
declined by 39%, and sales to road paving contractors declined 
by nearly 10%. Sales to contractors overall declined by 11%. 
Among concrete product manufacturers, sales to brick and block 
makers decreased by 12%, those to precast and prestressed 
slab makers increased by nearly 14%, and sales to pipe 
manufacturers decreased by nearly 7%; these shifts are difficult 
to evaluate because of a 6% increase ш sales to “Other and 
unspecified” product manufacturers and the increase is likely 
mainly in the “unspecified” characterization. Sales to the smaller 
categories of customers may be underrepresented because some 
respondents seem to report only broad categories. As listed, 
sales into the mining sector decreased by nearly 3%, in contrast 
to generally higher commodity (and mine output tonnages) 
during the year. Sales into the mining sector were reported by 
relatively few respondents and the decline may reflect sales 
tonnage shifts at just a few locations. Sales of cement for oil 
well (and gas well) drilling increased by 26%; this is in line with 
a 21.5% increase in the average weekly rig count in 2011 

(Baker Hughes, 2013). Cement sales for waste stabilization 
increased by 19%, in contrast to the decline in spending for the 
category “sewage and waste disposal” noted above. 

Table 15 lists the sales breakout of the various cements 
included within “portland cement” in this report. As in past 
years, sales in 2011 were dominated by Types I and II cements 
and sulfate-resistant varieties of cement (Type V and Type П/У 
hybrids reported as Type V); these also included equivalent 
cements sold under the specifications of ASTM C-1157. 
Assignment between “General use and moderate heat” cements 
and “Sulfate resisting” categories is somewhat artificial because 
some hybrid cements are listed as meeting the standards for 
both Type II (or I, IT) and Type V (such as II, V) cements; these 
are supposed to be included under “Sulfate resisting" cements 
but may not always be so reported. As listed, “Type V" sales 
increased by 8%. Oil well cement sales increased by nearly 
35%, which is a higher relative increase than the sales to oil 
(and gas) well drillers noted above and may imply an increase 
in the proportion of deep wells requiring specialized oil well 
cements; shallower wells can make use of ordinary grades of 
portland cement. 

Sales of blended cements declined by 15% to 1.33 Mt overall 
in contrast with a 21% increase in 2010. However, USGS 
monthly data show blended cement sales in 2011 of 1.43 Mt 
down by 23%. It remains uncertain why this difference | 
exists, but it most likely relates to continued inconsistencies 
in characterizing cement sold under the general performance 
standard ASTM C-1157, which at one time applied only to 
blended cements but which now applies to hydraulic cements 
in general, and which allows for cements having limestone 
additions to be variously classified. There can be reporting 
uncertainties related to the classification of ternary blended 
cements (those containing more than one type of SCM). As 
listed in table 15, sales of blends with GGBFS declined by 
nearly 29%, and this is in line with an overall 4% decline 
in granulated slag sales, including direct sales of unblended 
GGBFS directly to the concrete industry, noted in the 2011 
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USGS iron and steel slag survey. In contrast, sales of fly ash 
blends increased by nearly 23%. 


Foreign Trade 


Trade data supplied from the U.S. Census Bureau are listed 
in tables 16-21. Exports (table 16) increased in 2011 by 20% to 
about 1.4 Mt, the highest level in more than 60 years. Despite 
the increase, exports remained a very small part of total sales by 
the U.S. industry and continued to be small compared to cement 
imports. Canada remained the main destination for U.S. exports, 
accounting for 71% of the 2011 total. 

Total imports of cement and clinker in 2011 decreased by 
3.1% to 6.4 Mt (tables 1, 17), continuing a trend of decline 
since the record importation year of 2006 (35.6 Mt). Most of 
the imports were of gray portland cement, and major tonnage 
declines were seen in the imports from China, Colombia, Greece 
(nil in 2011), and Taiwan. Imports from the Republic of Korea 
increased significantly. As in 2010, Canada remained by far the 
largest import source. 

Official imports of white cement are listed in table 20. In 
many past years, and based on unexpectedly low unit values, the 
data appeared to have included some gray cement or clinker; the 
apparent errors likely were because of the use of the wrong tariff 
code by importers. Although unit value data for 2010 indicate 
the possible inclusion of some gray cement in the “white” 
imports from China, no low-unit-value anomalies are evident in 
the data for 2011. Overall, imports of white cement increased 
by 8.7%; this increase was expected given that the United States 
has only had two white cement plants in operation since 2008, 
but the increase is in contrast to relatively stagnant white cement 
sales indicated in table 15 and little change in white cement 
production. The apparent excess in imports is partly explained 
by white cement also being used for some masonry cement (not 
included in table 15) and as a basis for some colored cement that 
may have been included as gray portland. 

Imports of clinker declined slightly to 0.61 Mt (table 21), 
but the data are incomplete with regard to overland imports 
from Canada; the tonnages listed are insufficient to have 
fully supplied Canadian-clinker-dependant grinding plants in 
Michigan and Washington. The annual deficit is estimated to be 
about 0.2 Mt in both 2010 and 2011. The unreported Canadian 
clinker appears mostly to have come in by truck, at a value of 
less than $2,000 (customs value) per truckload; such shipments 
are classified as “informal entries” and data on them are not 
routinely transmitted by the U.S. Customs Service to the U.S. 
Census Bureau for recordation into the official trade data 
(reproduced in tables 17-21). This problem presumably does not 
exist for imports by rail or by ship because these shipments are 
р cement and clinker combined, the 10 busiest customs 
districts of entry in 2011 were, in descending order of tonnage, 
Seattle, WA; Detroit, MI; Houston-Galveston, TX; Buffalo, NY; 
Cleveland, OH; Columbia-Snake, ID, OR, and WA; И 
HI: El Paso, TX; Pembina, ND; and Ogdensburg, NY (tab | ). 
These leading districts accounted for about 77% of the tota 


imports for the year. 
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World Review 


World hydraulic cement production data are provided in 
table 22. The data for most countries include all forms of 
hydraulic cement; however, the data for the United States 
are for portland and masonry cement only and data for some 
other countries may be incomplete. For some countries, the 
production data may include exports of clinker. 

World cement output in 2011 was an estimated 3.6 Gt, up by 
10.4%. Production was from more than 150 countries. China 
continued to be by far the world’s leading producer, with an 
output of almost 2.1 Gt, up by about 15%, and accounting for 
58% of the world total. 

The remaining top 20 producers in 2011 were, in descending 
order, India, the United States, Brazil, Turkey, Iran, Vietnam, 
Russia, Japan, Saudi Arabia, the Republic of Korea, Egypt, 
Thailand, Mexico, Germany, Italy, Pakistan, Indonesia, Spain, 
and Algeria. Cumulatively, the top 5 countries accounted for 
70% of total world output; the top 10 countries, about 78%; and 
the top 20 countries, about 87%. 

Regionally, Asia and the Pacific accounted for 74% of world 
production, including 8 of the 20 leading producing countries, 
and had the highest growth rate of all regions. The Middle East 
(including Turkey) was the next ranked producing region, with 
6.5% of the 2011 total, and was followed by Western Europe, 
at 4.7%; Africa, at 4.0%; Central and South America (including 
the Caribbean), 3.7%; North America (including Mexico), 3.2%; 
the Commonwealth of Independent States, 2.6%; and Eastern 
Europe, 1.3%. 


Outlook 


Although cement sales in 2011 rose only modestly, portland 
cement sales for the fourth quarter were up by 7.5% and, 
together with increases in housing starts late in the year and 
some other economic indicators of recovery from the recession, 
it was anticipated that cement sales might increase by as much 
as 10% in 2012. This would still be well below the consumption 
level in 2008, and a return to consumption levels similar to the 
record years of 2005 and 2006 was not expected for at least a 
decade and only if the housing market and tax revenues to States 
(and hence public sector construction) recovered substantially. 
However, at such time that annual consumption returned to 
levels of 110 Mt or more, it was unclear if there would be 
sufficient remaining domestic production capacity to meet the 
higher demand given that stringent emissions restrictions were 
likely to lead to а large number of older plants closing and to 
discourage the construction of new plants. It was likely that an 
increasing share of domestic consumption would thus need to be 
met with imported cement. Domestic capacity was expected to 
be given an artificial boost by a broadening of cement standards 
to allow for more incorporation of SCM and other additions. 
Recent acceptance in Canada of portland-limestone cements 
(containing up to 15% ground limestone addition) was expected 
to lead to U.S. cement standards being revised to allow for 
such cements as well. Limestone addition was viewed as а | 
relatively easy way to boost cement production capacity, using 
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an abundant, low “carbon-footprint,” resource, without having 


to increase clinker production capacity. 
Given their recent rapid rise in production, Brazil, Iran, 


Russia, Turkey, and Vietnam all appeared poised to possibly 
overtake the United States in cement output within the next 5 


years. 
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TABLE 1 
SALIENT CEMENT STATISTICS FOR THE UNITED 5ТАТЕ5! 2 


(Thousand metric tons unless otherwise specified) 


2007 2008 2009 2010 2011 
Production: 
Cement? 95,464 86,310 63,907 66,447 ' 67,895 
Clinker 86,130 78,382 56,116 59,802 61,241 
Shipments from mills and terminals:^ ^? 
Quantity 114,000 96,700 71,000 70,300 72,100 
Value‘ thousand dollars 11,900,000 9,990,000 7,020,000 6,490,000 € 6,440,000 
Average value® dollars per metric ton 104.00 103.50 99.00 92.00 89.50 
Stocks, yearend: 
Cement 8,890 8,360 6,080 6,180 6,270 
Clinker 6,550 7,070 5,130 4,760 4,620 
Exports 886 ' 823 884 1,178 1,414 
Imports:® | D 
Cement 21,496 10,744 6211 6,013 5,812 
Clinker | 972 621 556 613 606 
Total? 22,468 11,365 6,767 6,626 6,418 
Consumption, apparent" 116,550 96,760 71,510 71,180 ° 72,200 
World production* "' 2,810,000 2,850,000 3,030,000 3,270,000 * 3,610,000 


“Estimated. ‘Revised. 

‘Unless otherwise indicated, data are for portland (including blended) and masonry cements only. Even where presented unrounded, data are 
thought to be accurate to no more than three significant digits. 

Excludes Puerto Rico. 

Includes cement made from imported clinker. Includes a double-counted component (less than 0.5% per year) of portland cement subsequently 
converted at the plants to masonry cement; because of the involvement of stockpiles, the precise amount converted from actual production 
cannot be determined. 

‘Includes imported cement. 

*Shipments to final domestic customers. Data are from an annual survey of plants and terminals and may differ from the totals in table 9, wbich are 
based on consolidated monthly surveys from companies. 

SValue free on board mill or independently reporting terminal. 

'Official export data for 2007 have been corrected to remove an apparent excess of 653,255 metric tons of aluminous cement from Laredo, TX. 
ЗАП forms of hydraulic cement or clinker. 

?Data may not add to totals shown because of independent rounding. 

Production (including that from imported clinker) of cement plus imports of hydraulic cement minus exports of hydraulic cement minus the 
change in yearend cement stocks. 

!'Total hydraulic cement. May include clinker exports for some countries. 


TABLE 2 
COUNTY BASIS OF SUBDIVISION OF STATES IN CEMENT TABLES 


State subdivision | Defining counties 
California, northern Alpine, Fresno, Kings, Madera, Mariposa, Monterey, Tulare, Tuolumne, and all counties farther north. 
California, southem Inyo, Kern, Mono, San Luis Obispo, and all counties farther south. 
Illinois, excluding Chicago АП counties other than those in metropolitan Chicago. 


Illinois, metropolitan Chicago Cook, DuPage, Kane, Kendall, Lake, McHenry, and Will Counties in Illinois. a= 


New York, eastern Delaware, Franklin, Hamilton, Herkimer, Otsego, and all counties farther east and south, except those within 


| Metropolitan New York. 
i dison, Oneida, St. Lawrence, and all counties farther west. ВЕЕР 
York, western Broome, Chenango, Lewis, Ma А Й ; 
хе York, metropolitan New York City (Bronx, Kings, New York, Queens, and Richmond), Nassau, Rockland, Suffolk, and Westchester. 
T Tn eastern Adams, Cumberland, Juniata, Lycoming, Mifflin, Perry, Tioga, Union, and all counties farther east. 
Tem us western Centre, Clinton, Franklin, Huntingdon, Potter, and all counties farther west. РЕ 
Peony Angelina, Bell, Concho, Crane, Culberson, El Paso, Falls, Houston, Hudspeth, Irion, Lampasas, Leon, Limestone, 


Texas, northern McCulloch, Reagan, Reeves, Sabine, San Augustine, San Saba, Tom Green, Trinity, Upton, Ward, 


and all counties farther north. 
Brazos, Burnet, Crockett, Jasper, Jeff Davis, Llano, Madison, Mason, Menard, Milam, Newton, Pecos, Polk, 
Tee Robertson, San Jacinto, Schleicher, Tyler, Walker, Williamson, and all counties farther south. 
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TABLE 4 
MASONRY CEMENT PRODUCTION AND STOCKS IN THE UNITED STATES, BY DISTRICT! 


(Thousand metric tons unless otherwise specified) 


--— ни - 2006... п о 

Number Number 

of active Yearend of active Yearend 

District” plants Production? stocks“ plants Production? stocks“ 

Maine and New York 4 40 14 3 39 15 
Pennsylvania 8 147 41 7 141 44 
Indiana and Ohio 6 260 59 6 232 42 
Michigan 3 83 24 3 61 22 
lowa, Nebraska, South Dakota 1 W W = wW W 
Kansas 2 W W 2 W W 
Missouri 1 W W 1 W W 
Florida 6 198 42 6 188 43 
Georgia, Maryland, Virginia, West Virginia 6 251 42 6 233 43 
South Carolina 3 152 17 3 143 15 
Alabama 4 191 47 4 2115 57° 
Kentucky, Mississippi, Tennessee 3 W W 3 w> у 3 
Arkansas and Oklahoma 4 92 17 3 82 15 
Texas 8 199 22 7 187 20 
Arizona and New Mexico 3 W W 3 W W 
Colorado and Wyoming 2 W W 1 W W 
Idaho, Montana, Nevada, Utah 1 W W 1 W W 
California 6 178 32 6 6 170 36 
Importers’ = - 9% 5 = 3$ 


ава ызы МЕНЕ еве EE 
W Withheld to avoid disclosing company proprietary data; included in “Total.” -- Zero. 

‘Includes masonry, portland-lime, plastic, and stucco cements. Even where presented unrounded, data are thought to be accurate to no more than 
three significant digits. 

?District assignation is the location of the reporting facilities. Specific districts include importers where district assignations were possible. 
Includes cement produced from imported clinker. 

‘Includes imported cement. 

ЗЕог 2011, data for Kentucky, Mississippi, and Tennessee are included with those for Alabama. 

Sata include estimates for nonrespondents or incompletely reporting facilities. 

"Data include only those importers or terminals for which district assignations were not possible. 

рада may not add totals shown because of independent rounding. 
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TABLE 6 
RAW MATERIALS USED TO PRODUCE CLINKER AND CEMENT IN THE UNITED STATES" 


(Thousand metric tons) 
a IN — Nea 
Materials Clinker Cement’ Clinker Cement’ 
Calcareous: 
Limestone (aragonite, chalk, coral, marble) 78,500 1,550 80,000 1,500 
Cement rock (includes marl) 7,500 30 8,070 23 
Cement kiln dust (СКО). 256 141 391 131 
Lime“ 20 17 17 53 
Other 47 13 86 8 
Aluminous: 
Clay 2,830 -- 2,820 — 
Shale and schist 2,370 13 2,250 36 
Other” 478 -- 387 -- 
Ferrous: 
Iron ore 501 -—- 544 = 
МИ scale — 522 = 659 - 
Other 19 a 15 == 
Siliceous: 
Sand, calcium silicates 2,830 - 2,850 -- 
Sandstone, quartzite, soils, nonpozzolanic rocks 506 — 481 -- 
Fly ash 2,430 85 2,380 118 
Other ash, including bottom ash 727 -- 891 == 
Granulated blast furnace slag’ 70 235 47 217 
Other blast furnace slag 30 = 42 = 
ее а 238 -- 296 m 
Other slag е — — 0 0 0 0 165 2 47 5 
_ Nammlrockpozzolans ____- = 20 = 33 
Other pozzolans” 9 1 18 1 
| "———— ———Á— — À— 
буран ав 3,5 ao 364 
Other" 62 61 57 59 
Тога! > 100,000 5,720 102,000 5,820 
Clinker, imported, raw materials equivalent? — — — — = 1,190 = 
Grand total ” 100,000 6,910 102,000 7,010 
— Zero. 
" 'Excludes Puerto Rico. 


?Data have been rounded to no more than three significant digits. 

*Includes portland, blended, and masonry cements. 

“Data are probably underreported. 

“Includes alumina, aluminum dross, bauxite, spent catalysts, and other aluminous materials. 
“Includes iron sludges, pyrite, and other ferrous materials. 

"Includes both ground (GGBFS) and unground material. 

*Includes pozzolana and burned clays or shales (except where directly reported as clay or shale). 


Includes diatomite, silica fume, other microcrystalline silica, and other pozzolans, even if not used as such. 
Included with Calcareous: Other. 


!'Includes fluorspar and all other materials not listed earlier. 
Data may not add to totals shown because of independent rounding. 
P Converted as 1.7 times the weight of foreign clinker consumed. 
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TABLE 9 
CEMENT SHIPMENTS ТО FINAL CUSTOMER, BY DESTINATION AND ORIGIN»? 


(Thousand metric tons) 


Portland cement Masonry cement 


Destination and origin 2010 2011 2010 2011 
Destination: 
Alabama 1,009 1,000 77 74 
Alaska? 137 142 = 2: 
Апгопа 1,477 1,476 22 20 


Arkansas 757 736 38 34 
California, northern 2,081 2,415 35 33 
и: 


California, southern 4,137 4,475 145 131 
Colorado 1,467 1,402 6 4 
Connecticut? 469 477 11 10 
Delaware? 172 172 4 4 


District of Columbia? 109 178 (4) (4) 

Florida 3,486 3,403 211 220 

Georgia 1,685 1,703 116 106 

Hawaii? 262 260 3 2 

Idaho 387 375 (4) (4) 

Illinois, excluding Chicago 1,413 1,402 10 8 
uU MEM EPA EM 


Illinois, metropolitan Chicago? 1,020 1,034 14 15 
Indiana 1,482 1,491 34 34 
Iowa 1,431 1,597 1 1 
Кап$а$ 1,172 1,159 5 5 
Kentucky 852 926 45 46 
Louisiana? 2,742 2,348 48 49 
Maine 185 183 2 1 
Магујапа 888 966 42 39 
Massachusetts” 679 733 10 10 
Michigan 1,554 1,470 40 42 
Minnesota? 1,200 1,213 12 10 
Mississippi’ 774 758 39 35 
ОА 


Missouri 1,563 1,408 17 15 
Montana 259 273 (4) (4) 
- Nebmska о — 988 1,031 1 l 
_Nevada B 897 927 6 5 
New Hampshire? 185 193 7 7 
New Jerse 1,123 1,073 40 37 
Ro == ыы ш тш a 604 551 4 3 
_New York, eatem -———— 456 437 9 9 
New York, western? 657 706 14 14 


New York, metropolitan? 1,189 1,175 50 47 

North Carolina? | 1,581 1,752 127 121 

North Dakota? 408 595 1 1 

Ohio 2,352 2,529 71 69 
c НИ 


Oklahoma 1,432 1,512 39 38 
Oregon 609 654 (4) (4) 
Pennsylvania, eastern 1,436 1,512 37 35 
Pennsylvania, western 979 1,006 32 31 
Rhode Island? 93 107 1 1 
South Carolina 931 994 61 56 
South Dakota 447 468 (4) (4) 
Tennessee 1,230 1,213 103 99 
Texas, northern 4,713 4,811 73 68 
Texas, southern 5,392 5,637 153 149 
Utah 1,023 1,156 (4) (4) 
Vermont? 103 101 1 | 
Virginia е 1,368 1,449 76 71 
Ѕее footnotes at end of table. 
CEMENT—201 | 16.15 
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TABLE 9—Continued 
CEMENT SHIPMENTS TO FINAL CUSTOMER, BY DESTINATION AND ORIGIN"? 


(Thousand metric tons) 


oee ш ee ee e 


Portland cement Masonry cement 
Destination and origin 2010 2011 2010 2011 
Destination: 
Washington 1,322 1,356 22 (4) 
__Washington ENE 
West Virginia 426 487 12 13 
Wisconsin? 1,431 1,526 9 8 
Wyoming 322 300 (4) => 
Total? 68,544 70,434 1,915 1,836 
Puerto Rico 808 838 (4) (4) 
Foreign countries’ 707 1,132 3 1 
Grand total 70,059 72,404 1,918 1,837 
Origin: 
United States 64,358 66,622 1,897 1,816 
Puerto Rico 731 757 (4) (4) 
Foreign countries! О 5,101 5,782 21 21 
Total shipments? 70,059 72,404 1,918 1,837 
-- Zero. 


' Includes cement produced from imported clinker and imported cement shipped by domestic producers and importers. 

?Data are developed from consolidated monthly surveys of shipments by companies and may differ from data in tables 1, 10-12, 
and 14—15, which are from annual surveys of individual plants and importers. Although presented unrounded, data are thought 
to be accurate to no more than three significant digits. 


?Has no cement plants. The sole plant in Mississippi was idle for both years. 
‘Less than % unit. 


‘Data may not add to totals shown because of independent rounding. 
“Includes shipments to U.S. possessions and territories. 


"Imported cement sold to final customers in the United States as reported by domestic producers and other importers. Data 
do not match the imports in tables 17—20. 


TABLE 10 
SHIPMENTS OF PORTLAND CEMENT IN THE UNITED STATES, BY TYPE OF CARRIER" е 


(Thousand metric tons) 


Plant to terminal Plant to customer Terminal to customer Total to 
In bulk In bags? In bulk In bags" In bulk In bags? customers* 

2010: Е 

Railroad 8,980 6 1,660 10 467 4 2,140 
.Tmck ______ 3,570 83 37,600 966 27,200 307 | 66,100 

Barge and boat 6,270 15 67 =~ 93 58 218 

Total" 18,800 105 39,300 977 27,800 370 68,400 ? 

2011: 
. Railroad с 10,100 4 875 (6) 373 3 1,251 
Tmk —— — 3,740 115 36,000 894 30,800 400 68,100 

Barge and boat 8,800 -- 96 22 806 = 902 
-- Zero. | 


‘Includes imported cement and cement made from imported clinker. Excludes Puerto Rico. 
?Data are rounded to no more than three significant digits. 
*Includes packages, bags, and supersacks. 


‘Data may not add to totals shown because of independent rounding. 

Shipments are based on an annual survey of plants and importers; may differ from totals in table 9, which are based on consolidated 
monthly data. dE 
SLess than % unit. | 
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TABLE 11 


PORTLAND CEMENT SHIPPED IN THE UNITED STATES, BY DISTRICT! 


2010 2011 
а: O 


Value? Value? 
Quantity? Average Quantity? Average 
(thousand Total (per (thousand Total (per 

District metric tons) (thousands) metric ton) metric tons) (thousands) metric ton) 
Maine and New York 2,459 $225,563 $91.72 2,175 $202,409 $93.06 
Pennsylvania 3,887 369,000 5 95.00 5 3,916 356,000 > 91.00 5 
Illinois 2,016 179,580 89.07 1,870 167,569 89.62 
Indiana 1,907 153,623 80.55 1,932 150,597 77.94 
Michigan 3,920 5 393,000 > 100.50 > 3,894 384,806 98.81 
Ohio 598 55,111 92.18 651 57,382 88.16 
lowa, Nebraska, South Dakota 3,017 311,194 103.13 3,303 325,836 98.65 
Kansas 1,596 155,919 97.66 1,452 140,423 96.68 
Missouri 6,253 517,000 > 82.50 5 6,500 514,834 79.20 
Florida 3,260 5 295,000 5 90.50 5 3,143 276,081 87.85 
Georgia, Maryland, Virginia, West Virginia 3,978 334,768 84.16 4,358 334,753 76.81 
South Carolina 1,894 164,338 86.78 2,534 200,566 79.16 
Alabama 3,024 252,000 > 83.00 > 4,683 6 400,624 $ 85.55 6 
Kentucky, Mississippi, Tennessee 1,740 162,965 93.65 W 6 W 6 W $ 
Arkansas and Oklahoma 2,254 219,468 97.38 2,228 204,695 91.89 
Texas, northern 4,511 412,000 > 91.00 > 4,732 454,000 96.00 
Texas, southern 5,300 455,862 86.01 5,484 473,661 86.37 
Arizona and New Mexico 1,786 199,318 € 111.60 € 1,704 171,136 100.40 
Colorado and Wyoming 2,090 > 194,000 > 93.00 5 1,925 184,478 95.83 
Idaho, Montana, Nevada, Utah 1,971 182,061 92.36 2,179 193,491 88.82 
Alaska and Hawaii 357 57,700 > 162.00 > 359 54,045 150.47 
California 6,880 5 543,000 5 79.00 5 7,414 558,000 5 75.50 5 
Oregon and Washington 1,244 111,988 90.05 1,480 > 137,000 > 92.50 > 


Importers’ 2,480 5 289,000 5 116.50 5 2,360 5 257,000 5 109.00 $ 
_ Total oraverage? ___ == 68,4005 6,230,000"? 91.00 5 70,300 $ 6,200,000 5 88.00 5 
PuertoRico —  — 


_ Grand total® ee 69,300 5 W W 71,100 * ` Y 
Revised. W Withheld to avoid disclosing company proprietary data. 


Includes gray and white portland cement. Includes cement made from imported clinker. Even where presented unrounded, data are thought to be accurate 
to no more than three significant digits. 
"Values are mill net or ex-plant (free on board) valuations of total sales to final customers, including sales from plants’ external distribution terminals. 

The data are ex-terminal for independently reporting terminals. Data include all varieties of portland cement and both bulk and bag shipments. 

Unless otherwise specified, data are presented unrounded. Unrounded or not, unit value data should be viewed as value indicators, accurate to no more than 
the nearest $0.50 or $1.00 per metric ton. 


3 | i i 
Tonnages are those by reporting entities in the district but may include shipments into other districts. They differ from the data in table 9, which are the actual 
reported sales into the specific States. 


си а : jo gs А : 
District IS the location of the reporting entities, not necessarily the location of sales (see table 9 for sales data, by State). Specific districts include shipments 
by importers where district assi gnations were possible. 
Data are rounded to three significant digits (unit values to the nearest $0.50) because they include estimates. 


6 
с 0 2011, data for Kentucky, Mississippi, and Tennessee are included with those for Alabama. 
Importers for which district assignations were not possible. 


Data тау not ада to totals Shown because of independent rounding. 


b. 
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TABLE 12 " 
MASONRY CEMENT SHIPPED IN THE UNITED STATES, BY DISTRICT” 


_____________ м СЕЕ _—____———_————————— 


2010 2011 
3 
Value’ Value 
Quantity" Average Quantity‘ Average 
(thousand Total (per (thousand Total (per 
District metric tons) (thousands) metric ton) metric tons) (thousands) metric oo) 
Maine and New York 46 $4,712 $101.96 46 $4,314 | ip : 
Pennsylvania 172 20,600 $ 120.00 $ 159 22,200 i: И 
Illinois, Indiana, Ohio 213 30,800 $ 145.00 $ 219 29,793 v Ў 
Michigan 78 9,680 $ 123.50 5 67 9,088 pus 
104 : 
lowa, Nebraska, South Dakota 1 98 100.88 1 | : ae 
Kansas and Missouri 92 6 12,000 $ 129.50 $ 82 11,64 : p | 
Florida 191 25,230 131.92 187 24,600 2 
Georgia, Maryland, Virginia, West Virginia 199 34,143 171.68 191 32,378 г 
South Carolina 163 19,536 120.19 151 19,382 Р P 
Alabama 192 24,448 127.48 241 ? 32,072 5 | 
Ајааша , 
Kentucky, Mississippi, Tennessee 55 8,033 144.87 W W - 
Arkansas and Oklahoma о 93 11,286 121.14 82 9,571 l ne 
Texas 187 25,100 6 134.50 $ 178 23,800 134. 
Arizona, Colorado, Idaho, Montana, Nevada, —— 

New Mexico, Utah, Wyoming 32 4418 ' 136.56 ' 26 3.202 = 
“Alaska and Hawaii о 3 796 6 286.50 5 2 692 2 
California, Oregon, Washington — = 185 20,177 109.34 164 17,845 | ей 
Importers SS 6° 1,070 * 174.00 $ 11 ° 2,090 193.5 
importers —  »»_________ - 

Total ог average” 1,910 $ 252,000 $ 132.00 5 1,810 ° 243,000 134.50 
. lotaloraveragg ____иџ9__ 1,910 X 252000" 132007 180 (| 245000 Say 


"Revised. 


'Shipments are those by cement companies to final customers and include imported cement and cement made from imported clinker. Excludes sales of 
masonry cement by portland cement final customers who made masonry cement from purchased portland cement. Data exclude Puerto Rico. Even where 


presented unrounded, data are thought to be accurate to no more than three significant digits. 
?Data include true masonry, plastic, portland-lime, and stucco cements. 


"Values are mill net or ex-plant valuations of total sales to final customers, including sales from plants external distribution terminals. The data are 


ex-terminal for independently reporting terminals. Data include both bulk and bag shipments. Unless otherwise specified, data are presented | 
unrounded. Unrounded ог not, unit value data should be viewed as value indicators, accurate to no more than the nearest $0.50 or even $1.00 per metric ton. 


*Tonnages are those by reporting entities in the district but may include shipments into other districts. They differ from the data in table 9, which are the actual 
reported sales into the specific States. 


*District is the location of the reporting entities, not necessarily the location of sales (see table 9 for sales data, by State). Specific districts include shipments 
by importers where district assignations were possible. 


брака are rounded to three significant digits (unit values to the nearest $0.50) because they include estimates. 
"For 201 1, data for Kentucky, Mississippi, and Tennessee are included with those for Alabama. 
5Importers for which district assignations were not possible. 


?Data may not add to totals shown because of independent rounding. 


TABLE 13 
AVERAGE MILL NET VALUE OF CEMENT SOLD IN THE UNITED STATES"? 


(Dollars per metric ton) 
Portland cement Masonry All 
ERN S АНРИ РА ыс ОЕА 
Year Gray White’ All cement cement 
2010 90.00 199.00 91.00 132.00 92.00 
2011 87.50 194.00 88.00 134.50 89.50 


! Values аге average of sales to final customers, 
terminal. Values include any bagging charges, 
external terminals. Data exclude Puerto Rico. 


?Data are rounded to ће nearest $0.50 per metric ton. 


3 ; | 
Data for white cement include а component of resales showing significant price markups. 


free on board the plant or independently reporting 
but exclude delivery charges to customers or to 
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TABLE 14 
PORTLAND CEMENT SHIPMENTS IN 201 1, BY DISTRICT AND TYPE OF CUSTOMER! 


(Thousand metric tons) 


Ef ELE MMC" MEE 


Ready- Concrete Building mining, Government 
mixed product material waste and 

District concrete manufacturers Contractors dealers stabilization other? Total^? 
Maine and New York 1,600 264 85 189 -- 35 2,175 
Pennsylvania 2,180 1,000 361 164 41 165 3,916 
Ilinois 1,170 110 141 6 332 108 1,870 
Indiana 1,290 210 309 43 16 63 1,932 
Michigan 3,110 336 279 155 10 6 3,894 
Ohio 504 55 70 12 8 2 651 
lowa, Nebraska, South Dakota 2,560 278 329 10 131 (6) 3,303 
Kansas 1,110 122 122 38 59 - 1,452 
Missouri 4,860 663 555 76 149 198 6,500 
Florida 2,230 617 107 129 7 52 3,143 
Georgia, Maryland, Virginia, West Virginia 2,970 830 356 107 3 90 4,358 
South Carolina 1,740 298 200 104 6 191 2,534 
Alabama, Kentucky, Mississippi, Tennessee 3,500 512 401 147 42 79 4,683 
Arkansas and Oklahoma 1,370 141 475 99 136 9 2,228 
Texas, northern 2,600 350 695 105 905 73 4,732 
Texas, southern 3,650 477 536 181 636 4 5,484 
Arizona and New Mexico 1,310 275 64 35 16 3 1,704 
Colorado and Wyoming 1,330 155 206 45 180 7 1,925 
Idaho, Montana, Nevada, Utah 1,450 192 230 71 211 23 2,179 
Alaska and Hawaii 328 29 3 — — -- 359 
а 5,430 760 327 654 112 135 7,414 
Oregon and Washington ^ ^ ————————— 1,150 117 120 32 22 40 1,480 ' 
Importers? 1,670 246 193 31 134 85 2,360 7 

Total® Фо — 80 ыо 2430 3160 1570 70307 

PurtoRio ~~~ 3 


439 70 38 292 -. - 839 
Ти 49,600 8,110 ° 6200? 2,720 3,460! 1,370 71,100 7 


‘Includes imported cement and cement made from imported clinker. Except for district totals, data have been rounded to three significant digits, but are likely 
Луј to only two significant digits. District totals are likely accurate to no more than three significant digits. 
District is the location of the reporting entity, not the location of sales (see table 9 for sales data, by State). Specific districts include shipments by importers 
where district assignations were possible. 
“Includes shipments to miscellaneous customer types and for which customer types were not specified. 
District totals are unrounded but are thought to be accurate to no more than three significant digits. 
Data may not add to totals shown because of independent rounding. 
Less than % unit. 
Data аге rounded to three significant digits because they contain estimates. 
Shipments by importers where district assignations were not possible. 
Grand total shipments to concrete product manufacturers include brick and block—2,430; precast and prestressed—2,540; pipe—828; and other or 
unspecified —2 310. 
“Grand total shipments to contractors include airport—1 01; road paving—3,350; soil cement—1,620; and other or unspecified—1,120. 
Grand total shipments include oi] well drilling—2,700; mining—215; and waste stabilization—240. 
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PORTLAND CEMENT SHIPMENTS IN THE UNITED STATES, BY TYPE OF CEMENT" >> 


"Includes sales of imported cement. Excludes Puerto Rico. 
"Data are rounded to no more than three significant digits. 


Gray portland-type cements unless otherwise specified. 


(Thousand metric tons) 
Туре“ 2010 2011 
General use and moderate heat (Types I and П)”° 53,500 54,500 
High early strength (Type Ш) 2,590 2,550 
Sulfate resisting (Type У) 8,630 9,340 
Block 154 147 
Oil well 1,300 1,750 
White’ 638 635 
Blended:* 
Portland, natural pozzolans 48 63 
Portland, ground granulated blast furnace slag 953 679 
Portland, fly ash 304 373 
Portland, other pozzolans” 263 220 
Total blended’® 1,570 1,330 
Expansive and regulated fast setting 18 21 
Miscellaneous! 30 26 
Grand total 68,400 70,300 


*Sold mostly under specifications ASTM C-150, ASTM C-595, and ASTM C-1157. 


Type ШУ and similar sulfate-resisting hybrids are included within Type V. 
*Includes ASTM C-1157 general use cements that contain no pozzolans. 


"White or colored portland-type cements. Most are Types I or II but may include Types Ш and V and block cements. 
*Cements sold under ASTM C-595 and those under ASTM C-1157 that contain pozzolans. 


“Includes blends with cement kiln dust, silica fume, or other pozzolans, and blends containing multiple pozzolans. 


Data may not add to totals shown because of independent rounding. 
includes low heat (Type IV), waterproof, and other portland-type cements. 


U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2011 


Е и DAE -o ———————— ~ 5-55-05 = -= 
DOPE wc -— SF Sie а с 06 Ри — nÓÓM—M = га = ---.- ==> Е ри Оли EU. 


TABLE 16 
U.S. EXPORTS OF HYDRAULIC CEMENT AND CLINKER, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2010 2011 
NEU A 
Country Quantity Value? Quantity Value? 
Angola 1,153 . (3) 114 
EE 


1 

Aruba 1 157 1 231 
Australia | 1 404 2 518 
Bahamas, The 99 9,063 112 9,137 
Belize 7 693 1 218 
Веппида (3) 152 5 398 
Brazil | 3 213 2 1,960 
Сапада 807 113,598 1,010 133,997 
Cayman Islands | 103 (3) 139 
Chile | 371 2 309 
China 2 955 (3) 125 
Colombia 2 715 14 2,056 
Costa Rica 3 135 2 121 
Dominican Republic 1 483 10 1,478 
Ecuador (3) 21 1 366 
Сеогр1а (3) 161 1 293 
Greece 14 637 8 355 
Haiti 13 1,056 53 3,805 
Hong Kong | 402 (3) 160. 
India 2 264 1 128 
Ireland 6 367 -- -- 
Israel | 262 | 264 
Jamaica 66 6,556 64 6,432 
Japan 11 2,526 5 1,078 
Madagascar 1 60 -- — 
Мех!со 39 8,914 46 9,538 
Netherlands (3) 28 17 931 
Netherlands Antilles 2 366 5 689 
E e a ee 


New Zealand Q) 51 2 678 
Panama = 67 8,051 23 2,506 
Peu —— ] 364 (3) 177 
Russia (3) 90 2 209 
Saudi Arabia (3) 1,252 1 3,348 
D COUPER EN 


Singapore (3) 434 | 278 
Sint Maarten Es on 9 1,259 
Spain 1 66 (з) 60 
St. Christopher and Nevis (3) 57 1 108 
Suinme  ————— | 108 Е E 
Tawan ——— 1 3,099 (3) 328 
Trinidad and Tobago ^ — — ——————————————— 1 346 G) 214 


Turks and Caicos Islands 8 759 3 325 
United Arab Emirates  ————— — ——— ————— B 415 2 396 
United Kingdom | 9 1,614 1 195 
Venezuela (3) 78 1 158 
Обе —— 3' 1,711! 4 1,823 
а — im e раж o 
[1 -——— А Ec 


1,887 


British Virgin Islands | 4 664 I9 
Curacao -€ 5 361 


TABLE 16—Continued 
U.S. EXPORTS OF HYDRAULIC CEMENT AND CLINKER, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2010 _______ 201] ____ 
Country Quantity Value” Quantity Value” 
Netherlands -- — 2 185 
Netherlands Antilles 3 231 =- = 
St. Lucia (3) 3 (3) 3 
Total" 7 898 39 3,285 
Grand Тога!“ 1,185 169,206 1,453 190,187 


"Revised. -- Zero. 


"Includes portland and masonry cements. Data are unrounded but are thought to be accurate to no more than three significant digits. 
Free alongside ship value. The value of exports at the U.S. seaport or border point of export is based on the transaction price, including inland 


freight, insurance, and other charges incurred in placing the merchandise alongside the carrier. The value excludes the cost of loading the carrier. 
3 : 
Less than И unit. 


“Data may not add to totals shown because of independent rounding. 


Source: U.S. Census Bureau. 
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TABLE 17 
U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2010 2011 
x x D óc A O 


Value Value 


Canada 3,410 265,248 283,314 3,416 259,853 276,332 
China 655 34,975 51,111 577 32,462 48,435 
Colombia 315 19,652 27,367 224 12,620 18,674 
Croatia 24 9,459 11,346 33 12,011 14,307 
Denmark 54 9,653 13,262 74 7,534 9,582 
Egypt 56 5,160 7,097 71 7,093 9,846 
France 91 31,318 32,960 72 25,236 25,748 
Germany (4) 185 253 2 446 581 
Greece 191 9,173 11,918 -- -- -- 
India ] 68 102 (4) 47 68 
Jamaica SR = = 16 5,158 5,234 
Тарап 28 2,348 2,552 1 830 941 
Korea, Republic of 1,018 39,214 61,801 1,402 54,563 86,100 
Mexico 370 36,703 40,138 354 38,455 43,271 
Netherlands 3 3,363 3,735 3 3,402 3,605 
Sweden 83 3,524 6,804 81 3,212 6,445 
Taiwan 265 11,242 17,825 65 2,551 4,241 
Thailand 16 2,159 3,382 11 1,607 2,379 
Trinidad and Tobago 8 544 551 12 814 824 
Turkey 21 1,881 2,637 1 280 335 
United Kingdom ] 171 290 1 337 408 
Venezuela 8 2,648 3,405 -- -- - 
Other (4) г 261° 302 : (4) 425 540 
Р uerto Rico: NO 

Colombia 7 898 1,172 5 657 851 

Korea, Republic of 27 1,350 2,322 = = Je 
Mexico — 12 1,393 1,970 14 1,503 2215 

Spain 109 7,206 9,166 106 6,888 8,795 
he oem (4) 80 92 (4) 56 83 
TIT а ELA НИ 


Total? 


І 
Includes portland, masonry, and other hydraulic cements. Da 
‘Customs value. The price actually paid or payable for merch 
Insurance, and other charges incurred in bringing the merch 


3 . 
Cost, Insurance, and freight. The value represents the customs value plus insurance, 


155 10,927 14,721 
"Revised, ——MÓEES c бз 478,047 569840 
ta are unrounded but are thought to be accurate to no more than three significant digits. 
andise when sold for exportation to the United States, excluding U.S. import duties, freight, 
andise to the United States. 


Costs of offloading, other U.S. рой handling charges, and demurrage. 


"Less than и unit. 


5 
Data may not add to totals shown because of independent rounding. 


Source: U.S. Census Bureau. 
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125 


9,104 


• EM c — — sáÓ!—— $ ———————————————. 
Сошиту Quantity Customs? C.i.£? Quantity Customs? C.i.£? 
Algeria 9 811 1,135 EE E = 
Tir cr RERO SERRE RET 
ша 


11,944 


freight, and other delivery charges to the first port of entry, but excludes 
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ТАВГЕ 18 
1 
U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, BY CUSTOMS DISTRICT AND COUNTRY 


(Thousand metric tons and thousand dollars) 


2010 2011 
Value Value 
Customs district and country Quantity Customs” C.i.£? Quantity Customs? Cif? 
Anchorage, AK: 
Canada 5 298 1,017 6 344 1,206 
China 12 842 842 - -- - 
Korea, Republic of 95 3,968 7,676 100 4,159 7,874 
Тога!“ 112 5,108 9,536 106 4,502 9,081 
Baltimore, MD: 
China 1 18 22 | 38 44 
Netherlands (5) 39 43 (5) 135 142 
Тога!“ 1 57 64 1 172 185 
Вочоп, МА: 
Сапада 23 1,010 1,693 4 155 245 
Other (5) 36 37 - -- = 
Total" 23 1,046 1,731 155 245 
Buffalo, NY: 
Canada 590 49,366 52,718 555 46,598 49,209 
Other (5) 24 24 (5) 17 17 
Total’ 590 49,390 52,742 555 46,616 49,227 
Charleston, SC, Other (5) 71 82 "m = - 
Chicago, IL, Other 1 744 865 1 727 767 
Cleveland, ОН: AN CIIM NEG савана CM C C CC CQ DNE D 
Canada 554 40,960 44,235 486 34,368 36,974 
China (5) 5 8 1 141 225 
Netherlands (5) 591 651 1 768 826 
Офег (5) 204 291 (5) 192 252 
Total" 555 41,759 45,185 488 35,468 38,277 
Columbia-Snake, ID, OR, WA: 
Canada 56 3,802 4,007 45 2,743 3,018 
China 277 12,893 20,154 298 14,384 22,380 
Other (5) 8 8 м -- = 
Total" 332 16,703 24,169 343 17,127 25,398 
Detroit, MI: 
Canada 939 72,812 78,669 947 73,028 79,014 
Other (5) 175 192 (5) 329 346 
Total 939 72,988 78,862 947 73,356 79,360 
Duluth, MN, France (5) 3 3 За -- = 
El Paso, TX: ———————————————————— 
Canada б) 33 36 6) 72 90 
Mexico, — 265 23407 25265 204 2082 23,573 
Total 266 23,440 25,741 205 20,954 23,662 
Great Falls, MT, Other (5) 189 221 (5) 19 109 
Honolulu, HI: UMSO Ne De ero 
Korea, Republic of 165 7278 10,421 290 12,753 18,673 
Taiwan 112 4,928 7,537 -- - B 
== | 2 15 24 (5) 2 3 
о 
Houston-Galveston, ТХ: И 12221 ___ 17983 290 12756 _____ 18676 
com 00m m а з 
= 500mm пе 
1 x „943 32 3,236 › 
Kores, Republic of 571 21,418 34,614 658 24,844 41,305 
Total Rc a А N. EN NE ER. 
16.24 
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Customs district and country 
Laredo, TX, Mexico 
Los Angeles, CA: 


China 
а о 
Croatia 
OO 
Egypt 


ailand 
Other 
Total" 
Miami, FL: 
Algeria 
Colombia 
Egypt 
Germany 
Mexico 
Бней 
ECCE — 
о Обе е  — 


И 
Camada ~ 
— Ohr — е ——— 
WC LUNES ER E 
Mobile, AL China 
New Orleans, LA: —— 
Ching 
Croa —  —— 
_ Korea, Republic of —— ————————— 
eof ы ы у 


Other 
Е 
TOYokCiy NY: — 07770770777 7 


Denmark 


SYP 
Eco n л па пати 
Th 
C 


Greece 
Other — 2 ).2008 
позе — 
Nogales, AZ, Mexico ~~ ————— 
Norfolk, үд: 


See footnotes at end of table. 
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TABLE 18—Continued | 
U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, BY CUSTOMS DISTRICT AND COUNTRY! 


(Thousand metric tons and thousand dollars) 
2010 2011 
Sa LU ts р. а xc c oc а „7 
Value Value 
MU ОИН 


Очапшу Customs? C.i.£? Quantity Customs? C.i.£? 

88 11,887 12,441 88 11,660 11,938 
TERM TE — я п 
26 2,926 3,149 25 2,813 3,643 

(5) 141 195 3 176 275 

3 255 349 6 608 903 

10 1,322 2,064 7 1,047 1,523 

(5) 61 108 (5) 81 117 

39 4,706 5,864 42 4,724 6,460 
44 [640 
9 811 1,135 -- — ~ 

5 735 877 4 525 693 

15 1,402 1,954 24 2,319 3,319 

-- -- -- ] 33 35 

15 1,372 1,915 61 5,886 7,731 

82 3,057 6,230 80 2,685 5,831 

21 1,871 2,628 (5) 54 92 

(5) 27 30 (5) 20 33 

147 9,276 14,769 170 11,529 17,740 
= 5 ^00 17740 
118 13,923 13,937 103 12,810 12,822 


(5) 5 6 (5) 15 19 
118 13,929 13,943 103 12,824 12,841 
-- -- -- (5) 52 52 


9 1,990 2,165 6 1,353 1,528 

22 8,891 10,567 30 11,802 13,987 

47 1,533 3,056 139 4,741 7,182 

(5) 25 28 (5) 2 3 

78 12,438 15,816 175 17,898 22,699 
IO  22,699 
21 2,137 2,758 24 2,620 3,355 

191 9,173 11,918 -- - -- 


1 338 423 1 473 580 

213 11,648 15,099 25 3,093 3,935 

Е - = (5) 5 5 
ee 5 


13 1,366 1,454 -- -- = 
| ~ 122 177 3 297 395 
91 31,175 32,792 72 25,143 25,627 
-- -- — 13 4,946 5,019 
1 342 421 1 513 600 
8 2,648 3,405 -- = -- 


(5) 15 15 (5) 390 431 
113 35,667 38,264 90 31,289 32,072 
OF 22072 


174 14,839 15,398 184 16,972 17,445 

(5) 13 14 (5) 5 5 

174 14,852 15,412 184 16,977 17,450 
———дкд 1745 
167 10,701 10,787 191 11,546 11,646 

He 22 e (5) 37 37 

167 10,701 10,787 191 11,583 11,683 
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TABLE 18—Continued | 
U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, BY CUSTOMS DISTRICT AND COUNTRY 


(Thousand metric tons and thousand dollars) 


2010 2011 
Value Value 
a ГӨ Ie a =“ А e ^3 
Customs district and country Quantity Customs? Cif? Quantity Customs” C.i.f. 
Philadelphia, PA: 
Korea, Republic of 139 5,018 6,033 157 5,477 6,992 
Netherlands 1 1,261 1,400 1 646 690 
Other _______- (5) 59 105 (5) 24 43 
ELE uec Ар ______6,337 — _ 7,538 —  — __ 158 ___ 6146 0 72 
Portland, ME: 
Canada 26 2,372 2,676 28 2,808 3,138 
— Toa —— 00000 53 3,705 4,009 28 2,808 3,138 
Providence, RI, Canada o o 40 2,290 3,404 4 196 287 
San Diego, CA, Mexico _________ = - - ONERE с ree 2" 
San Francisco, СА: ___(________ 
. Chim  — .— ^» 42 2,555 3,168 9 1,025 1,175 
Egypt 2 182 265 | 68 90 
йа 1 68 102 (5) 35 53 
_ Тама — — — h— m»  — O 153 6,314 10,288 65 2,551 4241 
. Thailand —  — — — —àÀ] — 6 799 1.260 4 529 p 
Turkey dg и ы (5) 8 1 
табо 203 9,919 15,083 79 4.216 6,383 
Savannah, СА: 
_Colombia ___ | à) 149 8,447 12,201 112 5,885 8,746 
. Egypt — — 5 7 608 809 6 565 753 
_Офт Ano  — — o (5) 255 282 (5) 457 487 
_ Tot __ 156 9,310 13,292 118 6,907 9,986 
Seattle, WA: 
Canada 630 43,279 44,627 761 49,043 51,629 
China ^O 285 13,170 20,940 234 12,071 18,755 
Japana 1 550 703 l 432 498 
Korea, Republic of Еа E um 58 2,589 4,074 
E |(——Ó па (5) 116 139 (5) 212 231 
— ——Ahh——— IE 57,115 66,410 1,053 64,347 75,187 
St. Albans, VT: 
—Cemada — 000505050000 75 8,181 8,640 59 6,532 6,881 
South Africa, Republicof h— à^— ^  — (5) 7 7 - = — 
— Toa _____- 75 8,188 8,647 59 6,532 6,881 
St. Louis, MO: 
Croatia 1 371 508 -- “ = 
Other A NOE REN. „„——_ 
Total 1 872 1,079 (5) 403 425 
Tampa, FL: LS ———————-— 
Denmark 34 7,510 10,497 50 4,914 6,227 
Tota a (eee ae oa = Ед 77—24. 
, 12,586 ‚054 6,4 
U.S. Virgin Islands: и 12586  ? 504 _ нш 
соон - 13 291 302 1 106 113 
Dominican Republic _ 215 
Trinidad and Tobago т, > 3 212 
гавани 890 5 12 ам 84 
21 835 1,152 
Wilmington, NC: — в 1,133  «. 
Colombia 
2d 7,270 8,153 
Netherlands 10,343 102 5,356 
Total’ E! 19 20 (5) 43 45 
U.S. total 6 Бе 6 a 10,363 102 5,400 8,198 
Pu , 489,7 6 
See footnotes at end of table. 62 583,288 6,418 468,937 557,89 
16.26 
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TABLE 18— Continued | 
U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, BY CUSTOMS DISTRICT AND COUNTRY! 


(Thousand metric tons and thousand dollars) 


2010 2011 
x a НИМ 


m и 
Уаше Value 
Customs district and country 


Quantity 
San Juan, PR: 


Customs? 


С.1.Е3 Quantity Customs? 


Cif? 


Colombia 7 898 1,172 5 657 851 
Korea, Republic of 27 1,350 2,322 -- -- -- 
Mexico 12 1,393 1,970 14 1,503 2,215 
Spain 109 7,206 9,166 106 6,888 8,795 
Other 


(5) 80 92 (5) 56 83 
аа са арла Е 

Тога!“ 155 10,927 14,721 125 

ЕСЕ: 0. ——— з, мз у 


Includes all varieties of hydraulic cement and clicker. Data are unrounded but are thought to be accurate to no more than three significant digits. 


*Customs value. The price actually paid or payable for merchandise when sold for exportation to the United States, excluding U.S. import duties, freight, 
insurance, and other charges incurred in bringing the merchandise to the United States. 


*Cost, insurance, and freight. The value represents the customs value plus insurance, freight, and other delivery charges to the first port of entry, but excludes 
costs of offloading, other U.S. port handling charges, and demurrage. 
‘Data may not add to totals shown because of independent rounding. 
"Less than ¥ unit. 

Material (27,070 metric tons in Au 


gust 2010) from Japan into Portland, ME, was granulated blast furnace slag, not hydraulic cement as recorded in error 
by the importer. 


Source: U.S. Census Bureau. 
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(Thousand metric tons and thousand dollars) 


'Data are unrounded but are thought to be accurate to no more than three significant digits. 


TABLE 19 
U.S. IMPORTS FOR CONSUMPTION OF GRAY PORTLAND CEMENT, BY COUNTRY’ 


2011 
Value 

Quantity Customs? Cif? 
2,601 193,840 209,122 
532 26,446 41,127 
215 11,348 17,012 
1 157 180 
3 212 215 
1,402 54,539 86,072 
88 5,948 7,501 
80 2,685 5,831 
65 2,551 4,241 
12 814 824 
(4) 297 330 
4,999 298,838 372,455 
106 6,888 8,795 
106 6,888 8,795 
5,105 305,726 381,250 


2010 
Value 
| County Quantity Cusoms — — Cif Об _ Cusoms Cit — 
Canada 2,626 199,772 216,660 
China 606 28,532 44,096 
Colombia 274 15,638 22,335 
Germany (4) 58 102 
Greece 191 9,173 11,918 
Jamaica — ~ -- 
Korea, Republic of 1,017 39,169 61,707 
Mexico 184 12,311 13,833 
Sweden 82 3,057 6,230 
Taiwan 265 11,242 17,825 
Trinidad and Tobago 8 544 551 
Обег (4) 169 190 
Total“ í 5,254 319,665 395,448 
Puerto Rico: = - 
Dominican Republic (4) 2 2 
Korea, Republic of 27 1,350 2,322 
Spain 109 7,186 9,146 
Total" 136 8,539 11,470 
Grand total" 6 5,390 328,204 406,918 
-- Zero. 


*The price actually paid or payable for merchandise when sold for exportation to the United States, excluding U.S. import duties, freight, 


insurance, and other charges incurred in bringing the merchandise to the United States. 


>Cost, insurance, and freight. The value represents the customs value plus insurance, freight, and other delivery charges to the first port 


of entry, but excludes costs of offloading, other U.S. port handling charges, and demurrage. 


‘Less than % unit. 


‘Data may not add to totals shown because of independent rounding. 


$Total imports do not include gray portland cement that was misregistered by importers under the white cement tariff code; 


these quantities are included in table 20. 


Source: U.S. Census Bureau. 
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ТАВГЕ 20 
U.S. IMPORTS FOR CONSUMPTION OF WHITE CEMENT, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2010 2011 
eee ees 


Value Value 
Country Quantity Customs? C. £^ 4 Quantity Customs? Ci f^^ 
Algeria 9 811 1,135 = -- -- 
Сапада 252 34,814 35,573 271 37,494 38,264 
China 38 4,105 4,407 37 4,011 4,973 
Colombia 20 2,792 3,278 9 1,272 1,662 
Denmark 54 9,647 13,255 74 7,534 9,582 
Egypt 56 5,160 7,097 71 7,093 9,846 
India 1 68 102 (5) 43 61 
· Mexico 121 16,560 17,832 163 20,198 22,445 
Thailand 16 2,149 3,369 11 1,591 2,359 
Turkey 21 1,871 2,628 1 81 136 


Other 1 197 362 1 212 319 
а ek —— Rs aD 


Total® 588 78,173 89,038 — 639 79,529 89,648 
Puerto Rico: 


Colombia 7 898 1,172 5 657 851 
Mexico 12 1,393 1,970 14 1,503 2,215 
Other (5) 51 54 (5) 15 20 

Total® 19 2,342 3,195 19 2,175 _ 3,086 


БЕН O ВИННЫЙ 
Grand total® 607 80,515 92,233 658 81,705 92,733 
— Zero. ee =, 


"Рана are unrounded but are thought to be accurate to no more than three significant digits. 

*Customs value. The price actually paid or payable for merchandise when sold for exportation to the United States, excluding U.S. import 
duties, freight, insurance, and other charges incurred in bringing the merchandise to the United States. 

*Cost, insurance, and freight. The value represents the customs value plus insurance, freight, and other delivery charges to the first port 
of entry, but excludes costs of offloading, other U.S. port handling charges, and demurrage. 

“Values of less than $90.00 (c.i.f.) per metric ton likely indicate the mistaken total or partial inclusion of data for gray portland or 

similar cement or clinker. This error happens when the importer records the wrong tariff number with the U.S. Customs Service. 

Values that exceed $200 per ton likely indicate misidentified specialty cement, not white cement. 

"Less than М unit. | 


“Data may not add to totals shown because of independent rounding. 


Source: U.S. Census Bureau. 


TABLE 21 
U.S. IMPORTS FOR CONSUMPTION OF CLINKER, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


TT "НИ 
ышы и es ПН 


Value Value 

Country Quantity Customs” C.i.£? Quantity Customs? C.i.£? 
а 1 175 231 1 72 92 
Colombia 21 1,222 1,754 -- - - 
Croata ~~~ = = " 3 152 235 
France 89 29,595 31,090 70 23,369 23,728 
Other c — — (4) 7 7 e adi 2 
-- Zero. 


For all types of hydraulic cement. Data are unrounded but are thought to be accurate to no more than three significant digits. 

Cost, insurance, and freight. The value represents the customs value plus insurance, freight, and other delivery charges to the first port 
oFentry, but excludes costs of offloading, other U.S. port handling charges, and demurrage. 

Less than % unit. 


5 
Data may not add to totals shown because of independent rounding. 


Source: U.S. Census Bureau. 
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TABLE 22 
HYDRAULIC CEMENT: WORLD PRODUCTION, ВУ COUNTRY"? 


(Thousand metric tons) 
м 208 29 200 XM - 
Afghanistan 30 “< 37 32 36 38 
Albania 889 918 1,108 1,300 * 1,300 
Algeria 15,886 17,398 18,730 ' 19,100 € 20,000 
Angola* 1,400 1,780 1,800 1,500 1,500 
Argentina 9,602 9,703 9,385 € 10,423 ' 11,592 ? 
Armenia 722 710 467 488 500 
Australia‘ 9,200 9,400 9.200 9.000 9,100 
Austria 5,203 5,309 4,646 4,254 4,427 3 
Azerbaijan 1,693 1,595 1,286 1,279 1,450 
Ваћгаш“ 400 3 438 3 700 700 ' 800 
Bangladesh* 5.100 5.000 5.000 5.000 5,000 
Barbados 294 316 301 300 * 300 
Belarus 3,821 4,219 4,350 4,531 4,700 
Belgium 9,571 6,225 9,403 8,722 8,700 
Benin' 1,550 1,500 1,500 1,430" 800 
Bhutan* 180 180 180 200 ' 200 
Bolivia 1,739 1,985 2,292 2,414 2,658 3 
Bosnia and Herzegovina 1,283 1,406 1,074 949 893 3 
Brazil | 46,551 51,970 51,748 59,118 64,093 3 
Brunei 200 240 220 220 230 
Bulgaria 4,413 4,903 2,662 1,966 € 1,900 
Burkina Faso" 30 30 30 30 30 
Burma’ 608 676 670 534 535 
Cambodia 87 772 934 ' 789 ' 790 
Сатегооп® 1,150 3 1,000 1,000 1,000 1,000 
Сапада 15,078 13,672 10,985 12,431 12,001 ^? 
Chile 4,440 4,622 3,876 3,871 4,406 3 
China 1,361,170 1,400,000 1,644,000 1,820,000 ' 2,099,000 Р? 
Colombia 11,068 10,456 9,232 9,488 10,777 ? 
Congo (Brazzaville) с 100 105 110 80 ' 100 
Congo (Kinshasa) 530 All 460 ' 490 ' 382 3 
Costa Rica 2,300 2,500 1,498 1,276 1,600 
Côte d'Ivoire 469 360 283 280 * 300 
Croatia 3,587 3,637 2,838 2,664 2,700 
Cuba 1,805 1,707 1,626 1,600 * 1,600 
Сургиѕ 1,873 1,900 "° 1,481 1,329 1,400 
Czech Republic 4,899 4,710 3,637 3,345 3,830 
Denmark 2,871 2,539 1,578 2,000 ° 1,800 
Dominican Republic" 4,100 4,000 3.000 3.000 3.000 
_сцадог 4,420 5,493 4,990 ' 5,500 ^* 6,000 
Egypt 40,400 ' 39,844 46,900 ' 47,800 ' 44,000 
El Salvador 1,300 1,300 1,212 ? 1,200 1,200 
Eritrea. 45 45 45 45 45 
e E 937 808 326 375 ° 375 
TOPIE EPI 1,626 ? 1,834 3 2,100 ' 2,900 ' 4,000 
иши | 145 143 110 120° 120 
выне 1,743 1,745 1,052 1,050 * 1,050 

cc 22,300 * 21,443 ' 18,300 17,998 ' 19,433 ° 
French Guiana 62 62 йе є n 
RN 229 3 230 250° 200 € 200 
оу т ae 450 450 8703 8573 865 
баа о о о о оо Ин 33,382 33,581 30,441 29,915' 33,540 3 
16.30 
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TABLE 22—Continued 
HYDRAULIC CEMENT: WORLD PRODUCTION, BY COUNTRY”? 


(Thousand metric tons) 


Greece? 
"a NM 


Guadeloupe? 
Guatemala* 

Наш“ 

Honduras* 

Hong Kong* 


Комо" — — 
Korea, Republic of ____ === 
Комо 
Kuwait? ——— 
Kyrgyzstan 
la A 
ave ~~ 
Lebanon 
Liberia —— 
Шу — 
UU —— 
Luxembourg — — 


Macedonia 


Madagascar" 
Malawi 
Malaysia 


Mi LL ылыс... 
Mexico — — 90 
Moldova —  —— X 
Mongolia — — — 9 
Мы oe AE ooo 


Morocco 

Mozambique! ~ 
Namiba ~~ 
Noi === 
Netherlands? 


New Caledonia 

New Zealand* 

Nicaragua* 

E NN 
Hip ee o 
Nu e 


See footnotes at end of table. 


CEMENT—2011 


ib 


16,000 15,000 14,000 
230 230 230 230 230 
2,500 2,500 2,750 ' 2,000 : 1,500 
290 290 290 290 290 
1,776 3 1,784 3 1,700 € 1,800 1,710 3 
1,000 1,000 1,000 1,000 1,000 
3,552 3 3,544 3 3,200 3,200 3,200 
140 138 138 138 140 
170,000 185,000 205,000 220,000 г 240,000 
36,000 36,000 22,195 3 28,000 ' 30,000 
41,000 44,400 3 50,000 55,000 ' 61,000 
4,500 6,453 3 6,500 ' 6,500 ' 8,000 
4,700 3,900 2,600 2,600 2,600 
5,000 * 4,819 4,759 5,139 5,200 
47,542 43,030 36,317 34,408 ' 33,120 3 
592 725 737 723 700 
67,685 62,810 54,800 51,526 51,291 3 
4,255° 4,375 ' 3,876 ' 3,929 г 4,000 
5,699 5,837 5,694 6,686 7,642 3 
2,546 2,829 3,320 3,710 ' 3,969 3 
6,130 6,415 3 6,400 6,400 6,400 
52,182 51,653 50,127 47,420 ' 48,300 3 
470 3 590 3 600 600 600 
2,200 2,600 2,000 2,000 2,250 
1,230 1,218 579 600 • 650 
400 400 400 400 400 
300 310 650 1,100 1,100 
3,945 4,250 4,900 5,227 5,500 
157 94 71 72: 61 3 
5,206 5,509 6,500 6,000 * 3,000 
1,105 1,076 583 834 834 
1,081 1,091 1,000 1,078 1,100 
945 916 909 820 ' 981 3 
270 3 360 ' 390 ' 420 ' 420 
185 230 5° 232 ' 188 ' 203 3 
19,480 19,629 19,457 19,762 € 19,500 
220 220 220 220 220 
410 322 340 350 • 400 
38,757 37,139 35,160 34,503 ' 35,400 3 
800 750 700 900 ' 900 
180 269 235 323 300 
12,792 14,047 14,519 14,000 * 12,000 
665 744 777 884 976 3 
= - = 3.9 250 
300 295 295 295 295 
2,700 2,700 2,700 2,700 2,700 
122 137 138 160 150 
1,100 1,100 1,100 1,200 1,100 
530 530 650 "3 600 ' 600 
42 40 40 40 40 
4,700 5,000 5,000 6,000 ' 11,600 
1,700 1,700 1,650 1,650 1,600 


Country 2007 2008 2009 2010 2011° 
16,667 3 16,500 
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TABLE 22—Continued 
HYDRAULIC CEMENT: WORLD PRODUCTION, BY COUNTRY" 


(Thousand metric tons) 
eee м 
Country 2007 2008 2009 2010 2011° 
Oman 3,880 3,991 4,000 * 4,500 ' 4,500 
Pakistan” с. akistan® кей 25,745 3 30,800 ' 32,800 ' 32,800 " 32,000 3 
pem EMEN att 1,050 1,843 ? 1,679 ? 900 ' 897 3 
Paraguay" 600 600 600 600 600 
Peru 6,231 6,922 6,862 8,396 ' 8,100 ? 
Philippines 13,048 13,369 14,865 15,900 * 16,000 
Poland 17,120 17,207 15,422! 15,812 ' 18,596 3 
Portugal 12,631 6,650 ' 6,900 ' 7,200 ' 7,500 Р 
atar? 2,400 3,800 4,095 3 3,780 3 4,000 
Réunion" 400 400 375 375 350 
Romania 10,060 10,660 7,902 7,008 7,000 
Russia 59,939 53,548 44,266 50,400 ° 55,600 3 
Rwanda 103 103 92 95: 94 
Saudi Arabia ____________-_---- 30,369 31,823 36,500 42,300 48,358 3 
Senegal ____________--- 3,152 3,084 3,320 ' 4,066 ' 4,000 
DU мыш И 2,677 2,843 2,232 2,130 " 2,095 3 
SierraLeone ____________--- 247 ' 254 236 301 ' 311 3 
Slovakia ____________---- 3,718 4,157 3,011 2,888 2,900 
Slovenia® = 1,300 1,300 1,000 1,000 1,000 
‘South Africa, sales _ —  —— —— 13,651 13,473 11,784 10,870 ' 11,234? 
‘Spain, including Canary Islands __ 54,720 42,083 ' 29,505 26,162 ' 22,178 3 
Srilanka’ 1,700 1,800 1,900 2,000 2,200 
Sudan 326 247 622 2,113 * 5,200 
Surname 65 65 65 65 62 
Sweden a e 2,950 ? 2,900 2,950 2,900 2,900 
Switzerland | _____— 4,000 4,000 4,000 4,000 ` 3,800 
‘Syria 5,104 5,336 5,605 6,000 6,000 
Taiwan 18,957 17,330 15,918 16,301 16,852 3 
Tajikistan ____-------- 313 190 195 288 300 
Tanzania ~ 1,630 1,756 1,941 2,312 ' 2,400 
Thailand ________------ 35,668 31,651 33,562 36,496 36,679 ? 
T oo o 996 ' 1,350 ' 1,160 ' 1,150 ' 1,780 
Trinidad and Tobago _________--------- 902 958 870 800 * 800 
ООО 7,052 7,559 7,511 8,070 ' 8,000 , 
Turkey 49,553 54,027 53,973 62,737 63,405 
Turkmenistan — 941 1,026 1,100 1,100 * 1,200 
рад _____--------- 650 650 650 650 650 : 
Ukraine 15,000 14,918 9,496 9,457 10,515 
United Arab Emirates" 16,000 21,885 ? 18,997 ? 18,000 17,000 
United Kingdom 11,887 10,071 7,623 7,882 ' 8,529 | 
United States, including Puerto ео — 96,850 87,610 64,843 67,202 ' 68,639 
Uruguay’ 620 620 1,050 ' 1,000 ' 1,000 
UEU TEES 6,500 3 6,600 6,850 6,872 3 7,000 
Uzbekistan | 8,000 ' 8,200 ' 8,500 ' 8,000 ' 7,700 ? 
Меешв ——————— 37,102 40,009 48,810 ' 55,789 ' 58,994? 
ВОИ 1,728 2,111 2,118 3,500 ' 3,000 
EDU, ессе саса А ye aus 540 560 880 1,127 "3 1,400 
Zambia — —— 400 400 700 800 ' 900 
твае 2,810,000 ' 2,850,000 ' 3,030,000 ' 3,270,000 * 3,610,000 


"Estimated. Preliminary. ‘Revised. -- Zero. 


World totals and estim 
data are thought to be accurate to no more than thre 


2тдЫе includes data available through July 20, 2012. Data may include clinker exports for some countries. 
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ated data are rounded to no more than three significant digits; may not add to totals shown. Even where presented unrounde 
е significant digits. Data are from a variety of sources, including th 


d, reported 


e European Cement Association. 
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TABLE 22—Continued 
HYDRAULIC CEMENT: WORLD PRODUCTION, BY COUNTRY" ы 


Reported figure. 
‘Data are for fiscal year ending March 31 of the following year. 
"Data for 2007-08 аге for gray cement only; 


white cement output was likely to have been an additional 50,000 to 100,000 tons per year. 
"Not included in Serbia data. 
"Cement sales from Cimentos de Mocambique SARL (Sociedade Anónima de Responsabilidade Limitada) only. 
"Excludes Kosovo data. 
"Calculated based on re 


ported production of clinker and imports and exports of cement and clinker. 


"Portland and masonry cements only. Includes a small (less than 0.3% per year) component of double-counting where portland cement (not clinker) is 
consumed to make 


masonry cement; the precise amount of double-counting can not be determined because of the involvement of portland cement stockpiles. 


CEMENT— 2011 


16.33 


CHROMIUM 
By John F. Papp 


Domestic survey data and tables were prepared by Mahbood Mahdavi, statistical assistant, and the world production tables 
were prepared by Glenn J. Wallace, international data coordinator. 


In 2011, the U.S. chromium supply (measured in contained 
chromium) was 147,000 metric tons (t) from domestically 
recycled stainless steel Scrap, 531,000 t from imports, and 
122,000 t from Government and industry stocks. Supply 
distribution was 232,000 t to exports, 117,000 t to Government 
and industry stocks, and 45] „000 t to apparent consumption. 
Chromium apparent consumption increased by 18% compared 
with that of 2010. Historically, chromium ferroalloys have 
replaced chromite ore as the leading source of chromium to 
the U.S. economy. Stainless steel mill products have been 
accounting for an increasing share of chromium supply to 
the domestic economy, now rivaling that of ferrochromium. 
Because stainless steel mill products contribute a significant 
amount of chromium to the domestic economy, trade in these 
products has been incorporated into chromium trade statistics, 
and their contribution has been accounted for in chromium 
apparent consumption. Compared with that of 2010, world 
chromite ore production decreased and ferrochromium 
production increased in 2011. 

Chromium has a wide range of uses in chemicals, metals, and 
refractory materials. Its use in iron, nonferrous alloys, and steel 
is for enhancing hardenability or resistance to corrosion and 
oxidation. Production of stainless steel and nonferrous alloys 
are two of its more critical applications. Other applications are 
in alloy steel, catalysts, leather processing, pigments, plating of 
metals, refractories, and surface treatments. 


Legislation and Government Programs 


The Defense Logistics Agency, Strategic Materials (DLA) 
disposed of chromium materials from the National Defense 
Stockpile under its fiscal year 2011 (October 1, 2010, through 
September 30, 2011) Annual Materials Plan (AMP) and 
announced the fiscal year 2012 plan. The DLA's fiscal year 2011 

set maximum disposal goals for chromium materials at 
90,700 t of chromium ferroalloys and 454 t of chromium metal 
(Defense Logistics Agency, Strategic Materials, 201 1). 


Production 


The major marketplaces for chromium-containing materials 
are chromite ore and foundry sand; chromium chemicals, 
ferroalloys, and metal; and stainless steel. In 2011, the United 
States Produced chromite ore, chromium chemicals, and 
stainless Steel. The United States is а major world producer of 
Chromium chemicals and stainless steel. 

In 2011, Oregon Resources Corp. (ORC) [a subsidiary of 

International Ltd., formerly Industrial Minerals Corp. Ltd. 
(Australiay) Started recovering chromite from its Coos County, 


» Paleo-beach placer (heavy-mineral sand) deposits. In doing - 


80, ORC became the sole producer of foundry-grade chromite 
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ore in the United States. ORC chromite ore shipments were 
5,142 t in fiscal year (FY) 2011 (July 1, 2010, through June 30, 
2011). The company planned to increase production to 49,500 t 
in FY 2012 and 95,000 t in FY 2013-15 (Industrial Minerals 
Corp. Ltd., 2011; IDM International Limited, 2012a, b). The 
combined proved and probable reserves for the Coos County 
heavy-minerals sands Project was 9.1 million metric tons (Mt) 
averaging 7.4% chromic oxide (Cr,O,). | 

Elementis Chromium [a subsidiary of Elementis ple (United 
Kingdom)] produced sodium dichromate from chromite ore at 
Castle Haynes, North Carolina. 


Consumption 


Domestic data for chromium materials were developed by 
the U.S. Geological Survey (USGS) by means of the monthly 
"Chromite Ores and Chromium Products" and “Consolidated 
Consumers" consumer surveys. Stainless and heat-resisting 
steel producers are the leading chromium consumers, and 
high-carbon ferrochromium is the leading chromium-containing 
material consumed. 

The U.S. stainless steel industry produces more than 2 million 
metric tons per year (Mt/yr) of stainless steel and imports and 
exports stainless steel mill products and scrap, which account 
for a significant amount of chromium in U.S. trade. AK Steel 
Corp., ATI, and North American Steel Co. were the leading U.S. 
stainless steel producers. 

AK Steel Corp. produced stainless steel at Butler, PA, and 
Mansfield, OH. AK reported shipments of 817,000 t stainless 
and electrical steel in 2011 compared with 756,000 t in 2010 
(AK Steel Corp., 2012, p. 10, 15). Allegheny Technologies 
Incorporated (ATI) produced stainless steel at Brackenridge, 
Midland, and Latrobe, PA. ATI reported production of 492,000 t 
of high value and standard products in 2011 compared with 
498,000 t in 2010 (Allegheny Technologies Incorporated, 2012, 
p. F14, F29). 

North American Stainless (NAS) [a subsidiary of Acerinox, 
S.A. (Spain)] produced stainless steel in Ghent, KY. NAS 
reported melt shop production at 93 7,087 t in 2011 compared 
with 899,150 t in 2010, a 4.296 increase. Acerinox considered 
the Ghent plant its most efficient stainless steel plant worldwide 
(Acerinox S.A., 2012, p. 186). 

ThyssenKrupp Stainless USA [a subsidiary of ThyssenKrupp 
AG (Germany)] produced stainless steel at Calvert, AL. 
ThyssenKrupp continued development of a 1-Mt/yr-stainless 
steel melt shop and rolling mill in Calvert (ThyssenKrupp AG, 


2012, p. 20). 
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Prices 


Chromium materials are not openly traded. Purchase contracts 
are confidential between buyer and seller; however, trade 
journals report composite prices based on interviews with 
buyers and sellers, and the U.S. Department of Commerce 
reports the declared value of U.S. imports and exports. Thus, 
industry publications and U.S. trade statistics are sources of 
chromium material prices and values, respectively (table 3). 


Foreign Trade 


The United States imported and exported chromite ore; 
chromium chemicals, ferroalloys, metal, and pigments; and 
stainless steel. Based on foreign trade statistics reported by the 
U.S. Department of Commerce for 2011, the value of foreign 
trade of these chromium materials excluding stainless steel 
mill products and scrap was $124 million for exports and $1.13 
billion for imports. The value of foreign trade of chromium 
materials including stainless steel mill products and scrap was 
$3.60 billion for exports and $4.08 billion for imports (table 1). 


World Industry Structure 


The chromium industry comprises chromite ore, chromium 
chemical and metal, ferrochromium, stainless steel, and 
chromite refractory material and foundry sand producers. 
Several trends are simultaneously taking place in the chromium 
industry. The chromium chemical industry has eliminated 
excess production capacity, concentrating on production 
growth in surviving plants. Chromite refractory use has been 
declining; however, foundry use has been increasing slowly. 
Environmental concerns have reduced the use of chromite 
refractories and chromium chemicals. The fraction of chromite 
ore from independent producers is declining, while that from 
vertically integrated producers is increasing. In other words, 
chromite ore mines tend now to be owned and operated by 
chromite refractory, chromium chemical, or ferrochromium 
producers. This trend is associated with the migration of 
ferrochromium production capacity from stainless steel 
producing countries to chromite-ore-producing countries, a 
trend that has been interrupted with the emergence of China 
as a significant ferrochromium and leading stainless steel 
producer. While ferrochromium production capacity was 
closed in historically producing countries, which usually have 
been stainless-steel-producing countries, new furnaces or 
plants were constructed in chromite ore producing areas. The 
electrical power and submerged-arc electric-furnace production 
capacities used to produce ferrochromium have been increasing. 
Furnaces built recently have an electrical capacity in the tens of 
peres (MVA), whereas when ferrochromium plants 


megavoltam 
tn first built, furnaces rated in the low kilovoltampere (kVA) 


range were common. | 
Production process improvements, such as agglomeration 


of chromite ore, preheating and prereduction of furnace feed, 
and closed-furnace technology, have been retrofitted at the 
plants of major producers and are being incorporated in newly 
constructed plants. Since the introduction of post-melting 
refining processes in the steel industry after 1960, there has 
been а shift in production to high-carbon ferrochromium from 
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low-carbon ferrochromium. After years of ferrochromium 
production, slag stockpiles have grown. Recently developed 
processes have efficiently recovered ferrochromium from that 
slag, and processes have been or are being installed at existing 
plant sites. In South Africa, the leading chromite-ore- and 
ferrochromium-producing country, three trends are emerging— 
ferrochromium plants are being developed in the western belt 
of the Bushveld Complex, ferrochromium plants are being built 
in association with chromite ore mines, and ferrochromium 
production processes have been developed to accommodate 
chromite ore byproduct recovered from platinum operations. 

Mineral production became more geographically diverse 
during the past 150 years. Europe, along with the United 
States, accounted for nearly all of mineral production in the 
mid-19th century, but together now account for less than 
one-fifth of world mineral production. The world share of 
mineral production from the United States and Europe had 
been decreasing while the share from Australia, Canada, China, 
Confederation of Independent States, and a collection of 
developing countries has been increasing. While minerals and 
metals are not being mined to extinction, mineral scarcity will 
likely become an issue in coming decades. The displacement 
of Western countries by developing countries as the leading 
mineral producers has major geopolitical implications, because 
Europe is dependent on foreign supplies to satisfy its industrial 
demand. It was of concern that scarce minerals markets could 
be transformed from equal access competitive bidding markets 
to markets where trade is conducted by long-term supply 
agreements between major corporations with heavy government 
involvement resulting in a politicized mineral supply. 

Capacity.—Production capacities have been rated for 
the chromite ore, chromium chemical, chromium metal, 
ferrochromium, and stainless steel industries (table 7). Rated 
capacity is defined as the maximum quantity of product that 
can be produced in a period of time at a normally sustainable 
long-term operating rate, based on the physical equipment of 
the plant and given acceptable routine operating procedures 
involving labor, energy, materials, and maintenance. Capacity 
includes both operating plants and plants temporarily closed 
that can be brought into production within a short period of time 
with minimum capital expenditure. Because not all countries 
or producers provide information about production capacity, 
historical chromium trade data also have been used to estimate 
national production capacities. Changes in reported production 
capacity result from both facility changes and increased 
knowledge about facilities. New information about a facility 
may result in the reevaluation of production capacity for that 
facility. | 

Degel and others (2011, р. 53—55) compared alternating 
current (AC) and direct current (DC) arc furnace technology 
and described energy recovery. A benefit of DC furnaces 15 the 
use of fine run-of-mine material, eliminating the need for costly 
agglomerations process. ETI-Krom revamped two 30-MVA 
furnaces at Elazig, Turkey, and added an energy recovery 
system. Samancor operated two DC furnaces [40 megawa 
(MW) and 60 MW]; Mogale Alloys operated two smaller D 
furnaces; and Kazchrome installed four 72 MW DC furnaces 
expected to produce 440,000 metric tons per year (tyr) of 
ferrochromium. 
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Production.—World 2011chromite ore production was 
23.3 Mt gross weight, a 3% decrease compared with that of 
2010 (table 8); ferrochromium production was 9.5 Mt gross 
weight, a slight increase compared with that of 2010 (table 9); 
stainless steel production was 33 Mt gross weight, a 496 increase 
compared with that of 2010. | 

Chromite ore. —Alexander (20112, b) reported the recovery 
of chromite sand from landfilled foundry sand. Waste foundry 
sand has been used as a fill material, landfill cover, road base, or 
asphalt mix. Alexander estimated that chromite sand comprised 
about one-third (116,400 cubic yards) of landfill foundry sand 
(338,000 cubic yards) from a hazardous waste site used by a 
steel foundry. Alexander Mill Services International developed 
а process to recover the chromite sand and other materials from 
that waste. The chromite sand recovered met the Steel Founders' 
Society of America tentative specifications for chromite sand 
and flour. 

McEwan (2011, p. 5, 15—17, 20) reported that chromite ore for 
refractory use should have more than 4594 Cr,O,, а chromium- 
to-iron ratio of more than 2 to 1,a large aggregate size, and low 
silica (SiO,) content. Chromite-containing refractories were 
used in copper, nickel, and platinum pyrometallurical extraction 
processes, steel industry vacuum degassers, foundry industry 
electric arc furnaces, and ferroalloy Creusot Loire Uddeholm 
converters. Stótzel and others (2011) described the thermal 
expansion and bulk density of chromite ore for refractory use by 
comparing them to other foundry sand. 

Chromium Chemicals.—Leading chromium-chemical- 
producing countries where large sodium dichromate plants 
(production capacity in excess of 100,000 t/yr) operated 
included Kazakhstan, Russia, and the United States. 
Moderate-sized production facilities were located in China, 
India, Japan, South Africa, and Turkey. Small-scale local 
producers operated in China and India. 

_ Chromium Metal. —Major chromium metal producers 
included Russia (by the electrolytic process), Japan (by the 
Silicothermic process), and China, France, Kazakhstan, Russia, 
and the United Kingdom (by the aluminothermic process). 

Ferrochromium.—F errochromium is the leading end use of 
chromite ore. Ferrochromium production is electrical energy 
intensive. Charge-grade ferrochromium requires 2,900 to 4,100 
kilowatthours of electrical energy per metric ton of product, 
with efficiency varying by ore grade, operating conditions, 
and Production process. Thus, ferrochromium plant location 
УШ reflect a cost balance between raw materials and electrical 
energy Supply. 

Chitambira and others (2011) reported that Zimbabwe’s 
ди power supply is а major limiting factor in 

omium growth. In addition, Zimbabwe is landlocked 
far from consuming markets making transportation costs 
igher compared with those of the leading ferrochromium 
producers—South Africa and Kazakhstan. 
К “tainless Steel, Stainless steel is the leading end use of 
ochromium. The International Stainless Steel Forum (ISSF) 
Кашу 2011 world crude stainless steel production to have 
ееп 33.621 Mt compared with 31.094 Mt in 2010. ISSF 
Жн world stainless steel trade to have been 15 -7452 Mt in 
а П compared with 14.3721 Mt in 2010 (International Stainless 
teel Forum, 2012). 
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Stainless Steel Scrap.—Stainless steel scrap is an important 
source of chromium to the stainless steel industry. The ISSF 
reported 2011 world stainless steel scrap trade to have been 
5.0201 Mt compared with 5.1976 Mt in 2010. 


World Review 


Albania.—Empire Mining Corporation (Canada) explored 
for chromite ore in the Bulqiza chromite mining district near the 
town of Bulqiza. Empire started a drilling program in the area. 
Empire sued the Albanian Ministry of Economy, Trade, and 
Energy because of a new restriction on Empire's mining license; 
the litigation was expected to be resolved in 2012 (Empire 
Mining Corporation, 2012). 

Шупа Minerals Industry Sh. a. (IMI) [a joint venture between 
Kurum Energy, Resources and Metallurgy Sh. a., a subsidiary 
of Kurum Holding A.S. (Turkey) and Sichuan Jiannanchun 
International Group Ltd. (China)], contracted with the Ministry 
of Economy, Trade and Energy (Government of Albania) 
to explore and exploit Kalimash and Vlahne zone chromite 
deposits in northern Albania. IMI planned to produce 80,000 t/yr 
of lumpy ore and 90,000 t/yr of concentrate from 300,000 t/yr of 
run-of-mine ore for export to China. IMI also planned to install 
a high-carbon ferrochromium smelter nearby (Illyria Minerals 
Industry Sh. a., undated). 

Australia. —The Government of Western Australia reported 
chromite ore sales by calendar year in contained Ст,О,: 2011— 
96,573 t of contained Cr,O,; 2010— 73,535 t of contained CrO, 
(Government of Western Australia, 2012, p. 20). Consolidated 
Minerals Limited (2012, p. 10) (Consmin) reported chromite 

production of 323,800 t in 2011 compared with 181,200 t in 
2010, and chromite ore reserves of 0.3 Mt at 2394 chromium 
(Cr) and resources of 1.5 Mt at 29% Cr. 

Belgium. Belgium produced 1.2143 Mt of stainless steel in 
2011 compared with 1.3061 Mt in 2010. 

Brazil. — Brazil produced chromite оге, ferrochromium, and 
stainless steel. Brazil reported 2010 chromite ore production of 
520,129 t (258,308 t Cr,O,-content), exports of 77,131 t, and 
imports of 23,238 t. Brazil produced from a chromite ore reserve 
of 2.17 Mt Cr,O,-content, mostly in Bahia State. In 2010, Brazil 
produced 277,114 t of chromium ferroalloys, exported 9,568 t 
and imported 11,390 t. Chromite ore was mined in the States 
of Amapa and Bahia. Leading chromite ore producers were 
Cia. Ferro-Ligas da Bahia S/A, Magnesita S/A, and Mineração 
Vila Nova Ltda. (Ramos, 2011). Brazil produced 0.4133 Mt of 
stainless steel in 2011 compared with 0.4072 Mt in 2010 

Canada.—Cliffs Natural Resources Inc. (United States) 
(2011; 2012, p. 6) reported that its chromite ore properties— 
Black Thor and Black Label (each 100% owned) and Big Dadd 
(72% owned)—in Ontario, had inferred mineral resources - 
of 69.5 Mt at 31.9% Cr,O,. Cliffs conducted a prefeasibility 
study that looked at open pit followed by underground mini 
ore processing and shipping facilities at the mine site а 
brownfield ferrochromium smelter at Greater Sudbu ШЫ 

MW electrical power capacity. d 
Azimut Exploration Inc. explored for chromite ; 
Bay region of Quebec (Azimut Exploration "an = 
Rs л Inc. (2010, р. 92) explored the Big Da ddy 
C °14°11” 235» 
omite deposit (about 86°14*11” W, 52°45 32” N) and found, 
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to a cutoff grade of 15% Cr,O,, chromite ore indicated resources 
of 26.4 Mt at 39.37% Cr,O, and inferred resources of 20.5 Mt at 
37.47% Ст,О,. 

Noront Resources Ltd. (2011, p. 6) explored for chromite 
ore at its Blackbird and Eagle Two properties. The combined 
properties had measured resources of 5.187 Mt at 34.43% Cr,O,, 
indicated resources of 3.678 Mt at 35.14% Cr,O,, and inferred 
resources of 6.124 Mt at 25.87% Cr,O,. 

Ressources Miniéres Pro-Or Inc. explored for chromite at 
its Menarik property in northwestern Quebec (Ressources 
Miniéres Pro-Or Inc., 2012). Ressources patented a method 
to increase the chromium to iron ratio of chromite ore via 
a carbochlorination process that selectively removes iron 
(Ressources Miniéres Pro-Or Inc., 2010). 

Diamond Discoveries International Corp. (United States) 
explored its Caribou Property near Thetford Mines, Quebec, 
Canada, which hosts historical chromite ore mines and chromite 
mineralization (Bassard, 2011). Diamond planned to prove 
resources and prepare scoping and feasibility studies by 2014. 

China.—China produced chromite ore, ferrochromium, 
chromium chemicals and metal, and stainless steel. China was 
the leading producer of stainless steel, which also made it the 
leading market for ferrochromium. China produced a small 
amount of chromite ore and large amounts of ferrochromium 
and stainless steel. China imported 9.4 Mt of chromite ore and 
1.8 Mt of ferrochromium in 2011. China produced 2.477 Mt of 
ferrochromium in 2011 compared with 2.090 Mt in 2010. China 
produced 13.786 Mt of stainless steel in 2011 compared with 
12.415 Mt in 2010. 

Eurasian Natural Resources Corp. ple (ENRC) (United 
Kingdom) suspended ferrochromium production at its Tuoli 
plant in 2011 (Eurasian Natural Resources Corporation plc, 
2012, p. 10). 

Tharisa plc planned to construct Tharisa Ferrochrome Smelter 
at Luoyuan Bay, Fujian Province, China. The plant was to be 
located near Baosteel Desheng Stainless Steel Plant and Fujian 
Wuhang Stainless Steel Products Company, Ltd. The plant was 
to start production in 2014 with a capacity of 600,000 t/yr of 
ferrochromium (Tharisa plc, 2011). 

Cuba.—Cuba produced chromite ore. The Bolivarian Alliance 
for the Peoples of Our America (ALBA) funded a chromite ore 


processing plant in Altagracia, Camaguey Province (Gutiérrez, 


2011). Е 
Finland.—Finland produced chromite ore (Kemi Mine), 


ferrochromium (Tornio Works), and stainless steel (Tornio 
Works). Outokumpu produced 693,000 t of marketable 
chromite ore from 1.4 Mt of run-of-mine ore, 231,000 t 
hromium, and 1.707 Mt of stainless steel in 2011 


of ferroc | 
compared with 598,000 t of chromite ore from 1.3 Mt of run- 
of-mine ore, 238,000 t of ferrochromium, and 1.610 Mt of 


stainless steel in 2010. The company reported proven reserves of 
chromite ore at 35 Mt graded at 26% Ст,О,, indicated resources 
of chromite ore at 13 Mt graded at 30% Cr,O,, and inferred 

f chromite ore at 78 Mt graded at 29% Ст,О,. 


лын produced stainless steel at melt shops in Tornio, 
Avesta (Sweden), and Sheffield (Britain). Outokumpu planned 
to increase 15 ferrochromium production capacity to 530,000 
t/yr starting in 2013 and to reach full production capacity in 


2015 (Outokumpu Оју, 2012, p. 50–51, 85). 
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Ruukki Group comprised chromite ore mining [Stellite 
Mine (South Africa), Turk Maadin Sirketi (Turkey)] and 
ferrochromium production facilities [Mogale Alloys (Pty.) 

Ltd. (South Africa), EWW (Germany)]. Ruuki was developing 
Mecklenburg Mine (South Africa), Waylox mine project 
(Zimbabwe), and expanding Stellite Mine and Mogale Alloys. 
Ruukki reported Stellite Mine chromite ore production capacity 
of 360,000 t/yr and Mogale ferrochromium production capacity 
of 280,000 t/yr. Ruukki reported production of 82,200 t of 
chromite ore and 354,000 t of ferrochromium compared with 
20,000 t of chromite ore and 6,880 t of ferrochromium in 2010. 
Ruukki planned to complete the Mecklenburg Mine feasibility 
study in 2012 and to increase ferrochromium production 
capacity by adding two DC furnaces (Ruukki Group ple, 2012, 
р. 7-8, 41). 

France.—France produced 0.2996 Mt of stainless steel in 
2011 compared with 0.2756 Mt in 2010. 

Germany.—Germany produced chromium metal, 
ferrochromium, and stainless steel. Elektrowerke Weisweiler 
GmbH [owned by Ruukki Group (Finland)] produced 25,908 t 
of low-carbon ferrochromium in 2011 compared with 17,994 t 
in 2010 from a production capacity of 30,000 t/yr from chromite 
ore produced by Turk Maadin Sirketi (Turkey) (Ruukki Group 
plc, 2012, p. 40). Advanced Metals Group, N.V. produced 
chromium metal. Germany produced 1.5016 Mt of stainless 
steel in 2011 compared with 1.5093 Mt in 2010. 

India.— India produced chromite ore, chromium chemicals, 
ferrochromium, and stainless steel. India exported lumpy 
and friable chromite ore and chromite ore concentrates. India 
reported that 21 mines collectively produced 4,262,207 t of 
chromite ore in fiscal year 2010-11 (April 1, 2010, through 
March 31, 2011) compared with 3,425,580 t from 22 mines 
in fiscal year 2009—10. India's chromite ore reserves were 
estimated to be 53.970 Mt as of January 4, 2010. India reported 
chromite ore exports of 172,866 t and imports of 80,573 t in 
fiscal year 2010—11, compared with exports of 689,081 t and 
imports of 89,050 t in fiscal year 2009—10. Chromite ore was 
mined in Karnataka and Odisha States. The leading chromite 
ore mining companies, all in Odisha, were Balashore Alloys 
Ltd., Ferro Alloys Corporation Ltd., IDCOL Ferro Chrome & 
Alloys Ltd., Indian Metals & Ferro Alloys Ltd., Orissa Mining 
Corporation Ltd., and Tata Steel Ltd. Krebs & Cei (India) 
Ltd., Tamil Nadu Chromates and Chemicals Ltd., and Vishnu 
Chemicals Ltd. produced chromium chemicals. India produced 
1.595 t of chromium metal (Indian Bureau of Mines, 20122). 
Vishnu reported chromite ore consumption of 45,404 t (Vishnu 
Chemicals Limited, 2012, p. 44). | 

From an installed production capacity of 1.60 Mt/yr, India 
produced 1,032,100 t of ferrochromium in fiscal year 2010-11 
compared with 892,923 t in fiscal year 2009-10. India exported 
1,305,855 t and imported 22,412 t of ferrochromium In fiscal 
year 2010—11 compared with 471,953 t of exports and 17,7261 
of imports in fiscal year 2009—10. Chromium ferroalloys were 
produced at plants in Andhar Pradesh, Odisha, Gujarat, and d 
West Bengal States. Balasore Alloys Ltd., РАСОВ Alloys 116 
GMR Technologies & Ind. Ltd., IDCOL Ferro Chrome Plant, 

А | Ferro Alloys Ltd., 
Indian Charge Chrome Ltd., Indian Metals & | 
Jindal Stainless Ltd., Jindal Steel & Power Ltd., Nava Bhara 
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Ferro Alloys Ltd., Rawat Ferro Alloys, Rohit Ferro Tech. Р. 
Ltd., SAL Steel, Sri Vasavi Ind. Ltd., Standard Chrome Ltd., 
Tata Steel Ltd., and Utkal Manufacturing Services Ltd. were 
the leading chromium ferroalloy producers (Indian Bureau of 
Mines, 2012b). India produced 2.2711 Mt of stainless steel in 
2011 compared with 2.1195 Mt in 2010. 

Cronimet Alloys India Limited produced high carbon 
ferrochromium for use in the stainless steel industry from 
an installed capacity of 25,000 t/yr. The company planned 
to change its name to Metkore Alloys & Industries Limited 
(Cronimet Alloys India Limited, 2011, p. 24). 

Iraq.—Chromite was found to be associated with the Mawat 
ophiolite complex in Kurdistan region (Mirza, 2008, p. II—IV, 
67-102, 161—162; 2011, p. П-ТУ, 67-102, 161-162). 

Italy.—Cogne Acciai Speciali and ThyssenKrupp Accai 
Speciali produced stainless steel. Italy produced 1.602(5) Mt of 
stainless steel in 2011 compared with 1.584(9) Mt in 2010. 

Ivory Coast.—Sama Resources Inc. (Vancouver, British 
Columbia, Canada) reported finding massive chromite 
occurrences (about 7°40’ N, 7°56’ W) while geologically 
mapping and collecting rock samples (Sama Resources Inc, 
2012, p. 50, 79-80, 85-86, 88). 

Japan.—Japan produced 3.2559 Mt of stainless steel in 2011 
compared with 3.4269 Mt in 2010. 

Kazakhstan.—K azakhstan produced chromite ore and 
ferrochromium. ENRC (United Kingdom) produced chromite 
ore and ferrochromium. ENRC produced chromite ore at 
Donskoy Mining Complex and Saranovskaya Mine ‘Rudnaya’ 
JSC (Russia). Production capacity at Donskoy was 3.5 Mt/yr. 
ENRC reported salable chromite ore production of 3.567 Mt 
in 2011 compared with 3.574 Mt in 2010. ENRC’s principal 
chromite ore producing subsidiary TNC Kazchrome JSC 
produced 4.4 Mt run-of-mine chromite ore, which it planned 
to increase to 4.9 Mt in 2031. As of December 31, 201 1, 
ENRC’s chromite ore reserves were 212.4 Mt at 41.4 % Cr,O, 
and resources were 313.6 Mt at 49.4% Ст,О,. ЕМЕС principal 
ferrochromium producing subsidiaries were TNC Kazchrome 
ISC, Serov Ferroalloy Plant JSC (Russian Federation), and 
Xinjiang Tuoli ENRC Taihang Chrome Co. Ltd. (China). 
ENRC reported ferrochromium production of 1.226 Mt in 
2011, compared with 1.258 Mt in 2010. At Aktobe, where 
ENRC operated a gas fired electrical powerplant, ENRC 
continued construction of four DC furnaces with a collective 
ferrochromium production capacity of 440,000 t/yr at an 
estimated cost of $750 million; completion was estimated for 
2013 (Eurasian Natural Resources Corporation plc, 2012, 

р. 22, 24-27, 141—142). 

Oriel Resources (United Kingdom), a subsidiary of Mechel 
OAO (Russia), produced chromite ore at the Voskhod Mine 
and chromium ferroalloys at the Tikhivin Ferroalloy Plant. 
Voskhod chromite ore feeds the Tikhivin Ferroalloy Plant. 
Voskhod production capacity was 1.3 Mt/yr chromite ore plus 
0.65 Muyr of chromite ore fines. Production was 691,500 t of 
chromite ore and 295,100 t of chromite ore concentrate in 2011. 
Tikhvin produced 140,000 t of high-carbon ferrochromium 
containing 60% chromium. Mechel reported proven (14.5 Mt) 
Plus probable (2.3 Mt) chromite ore reserves of 16.8 Mt at an 
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average grade of 42.2% Cr,O, as of December 31, 2011 (Mechel 

ОАО, 2012, р. 122-3, 129). 

Korea, Republic of.—Korea produced 2.116 Mt of stainless 
steel in 2011 compared with 2.0122 Mt in 2010. 

Oman.— Gulf Mining Materials Company and Sohar Free 
Zone agreed to set up a ferrochromium smelter that would 
have two furnaces each with electrical capacity of 16,500 kVA 
and ferrochromium production capacity of 50,000 t/yr. The 
construction of the project was expected to take 12 to 14 months 
for completion (Oman News Agency, 2012). 

Gambhir (2011) reported that Oman was the third leading 
supplier of chromite ore to China after South Africa and India 
in 2008—10. Leading Omani chromite ore producers were Oman 
Chromite Company and Gulf Mining Group (GMM). Omani 
chromite ore grade is about 30% to 42% Cr O, with chromium- 
to-iron ratio of 1.9 to 2.6. GMM had a chromite ore production 
capacity of about 300,000 t/yr. Omani chromite ore production 
was estimated to have been about 1 Mt/yr all of which is 
exported with most (about 85%) going to China. 

Chromite ore producer Al Tamman Trading Establishment 
LLC (a wholly owned subsidiary of Muscat Overseas Group) 
formed a joint-venture agreement with Indsil Group to build 
a ferrochromium plant in Freezone Sohar with a production 
capacity of 75,000 t/yr to become operational in 2013. The 
plant’s production capacity would eventually be expanded to 
150,000 t/yr (Indsil Group, 2012). 

Metkore Alloys and Industries Ltd. planned to build a 
165,000-t/yr ferrochromium smelter in Freezone Sohar by 2014 
(James, 2012). 

South Africa.—South Africa produced chromite ore, 
chromium chemicals, ferrochromium, and stainless steel. In 
2011, South Africa was the leading producer of chromite ore and 
ferrochromium. South Africa reported chromite ore production 
of 6.865 Mt of which it exported 1.035 Mt and ferrochromium 
production of 2.346 Mt of which it exported 2.621 Mt in 2009 
compared with chromite ore production of 9.683 Mt of which it 
exported 0.762 Mt and ferrochromium production of 3.269 Mt 
of which it exported 2.525 Mt in 2008 (Mosiane, 2010, 

р. 112-117). South Africa reported that 13 companies mined 
chromite ore from 27 mines, and 7 companies produced 
ferrochromium at 14 plants with collective production Capacity 
of 3.697 Mt/yr in 2011 (Moisane, 201 1, p. 1-12). South Africa 
produced 0.444 Mt of stainless steel in 201] compared with 
0.478 Mt in 2010. 

Marico Chrome Corporation, a 50—50 joint venture between 
Vereeniging Refractories and Samancor Chrome SA, Operated 
the Marico Chrome Mine, which produced 40,000 t/yr of 
metallurgical- and refractory-grade chromite ore from 9 Mt of 

run-of-mine reserves. Marico chromite seams are associated 
with the lower group seams of the Bushveld Complex. These 
typically have higher Cr,O, content (up to 49%), lower SiO 
es than 1%), higher chromium-to-iron ratios (about 2: 1) ° 
and lower magnetite content than upper ог m; ы 
(McEwan and others, 2011). PPer or middle group seams 

The Ruukki Group (Finland) operated the Stellite Mine 
which had 300,000-t/yr run-of-mine chromite ore producti 
capacity, and Mogale Alloys, a ferrochromium producer Er 


Ruukki held 5.7 Mt of chromite ore reserves in South Africa at 
Mecklenburg Project (Lillja, 2011, p. 5, 15-17, 20). 

Spain.—Spain produced 0.807 Mt of stainless steel in 2011 
compared with 0.8442 Mt in 2010. 

Sweden.—Sweden produced ferrochromium and stainless 
steel. Sweden produced 0.5856 Mt of stainless steel in 2011 
compared with 0.5461 Mt in 2010. Vargón Alloys AB, a 
Yildirim Group (Turkey) company, produced ferrochromium 
from a 220,000 t/yr production capacity. At Vargón (Sweden), 
Yildrim produced high-carbon ferrochromium from two 24 
MVA furnaces, one 48 MVA furnace, one 105 MVA furnace, 
and a recovery-from-slag operation, which had a collective 
production capacity of 240,000 t/yr (Onal, 2011, 

p. 11, 13, 23-39). 

Taiwan. —Taiwan produced 1.2026 Mt of stainless steel in 
2011 compared with 1.5231 Mt in 2010. 

Turkey.—Turkey produced chromite ore and ferrochromium. 
Eti Krom Inc., a Yildirim Group company, mined chromite ore 
and produced ferrochromium. Eti Krom produced about 1 Mt/yr 
of chromite ore in 2011 from 20 mines, mostly underground, 
and planned to increase production capacity to 1.5 Mt/yr by 
2015. Eti Krom also produced high-carbon ferrochromium at 
Elazig. 

Dedeman Madencilik mined chromite ore in the Pinarbasi and 
Toruntepe regions. Eti Elektrometalurji A.S. mined chromite 
ore from 12 mines in the Mugla-Fethiy region and produced 
ferrochromium at Antalya. 

Onal (2011, p. 11, 13, 23-39) reported that Yildirim Mining 
and Ferroalloys Division was the second leading high-quality 
"high-carbon ferrochromium producer after ENRC with 
production capacity of 400,000 t/yr from eight furnaces (four in 
Turkey and four in Sweden). Yildrim held 100 Mt of chromite 
ore proven reserves, which it expected to increase to 150 Mt. At 
Elazig, Yildrim produced high-carbon ferrochromium from two 
17 MVA furnaces, two 30 MVA furnaces, and a recovery-from- 
slag operation; total production capacity was 160,000 t/yr. 

United Kingdom.—The United Kingdom produced chromium 
metal and stainless steel. London & Scandinavian Metallurgical 
Co. Ltd. produced chromium metal. The United Kingdom 
produced 0.3298 Mt of stainless steel in 2011 compared with 
0.2694 Mt in 2010. 

The British Geological Survey (2011) determined the 
chromium relative supply risk index to be 3.5 based on 
chromium abundance in the Earth’s crust, the location of 
production and reserves, and the political stability of those 
locations. The index ranged from very high risk, 10, to very low 


risk, 1. 

Zimbabwe. 
ferrochromium. On July 20, | 
exports of raw chrome ore, chrome ore fines, and alluvial 
chrome concentrates from the country. — — 

Zimbabwe Alloys Chrome (Pvt.) Ltd. (Zim Alloys) restarted 
chromite ore production in 2011 after stopping ferrochromium 
production in 2008, owing to a lack of capital. Zimasco (Pvt.) 
Ltd. also produced chromite ore in 2011. Kalenj eka (201 1) 
reported that Zimasco planned to increase its chromite ore | 
production capacity to 1.1 Mt/yr from 0.6 Mt/yr by 2015, with 


— Zimbabwe produced chromite ore and 


17.6 


2011, the Ministry of Mines banned 


more than 90% of the ore extracted underground from stratiform 
deposits in the Great Dyke. 

Chirasha (2011) reported Zimbabwe's ferrochromium 
production capacity to be 490,350 t/yr. Zimasco's production 


capacity was 220,000 t/yr, followed by Zim Alloys with 215,350 


t/yr. The remaining 55,000-t/yr of ferrochromium production 
capacity was held by four other companies. Actual production 
in 2011, however, was greatly limited by the country's 
deteriorating electrical supply (Chitambira and others, 2011; 
Miso-Mbele and others, 2011). 

Zim Alloys planned to convert two high-carbon 
ferrochromium furnaces to low-carbon ferrochromium 
production in 2012 at a cost of about $20 million. The 
refurbished furnaces were expected to have a production 
capacity of 80,000 t/yr. Zimasco planned to increase its 
ferrochromium production capacity to 320,000 t/yr by 2015 
(Njini, 2011; Metmar Ltd., 2012, p. 29). 


Outlook 


A variety of countries and regions were concerned about the 
mineral supply in 2011. Chromium supply was the subject of 
concern by China, India, South Africa, the United States, and 
Zimbabwe. China and the United States, as consumers, were 
concerned about supply. India, South Africa, and Zimbabwe, as 
suppliers, were concerned about maximizing domestic benefit 
from their national resources. Mineral supply interventions 
included taxing exports, limiting production and exploration 
licenses, national control of exports by suppliers, investment 
in development of new supply sources, and stockpiling by 
consumers. India's Steel Ministry called for extending restricted 
chromite ore exports to a total ban on chromite ore exports. 
South Africa's National Union of Mine Workers and some 
chromite ore producers that also produce ferrochromium called 
for restrictions on chromite ore exports. Zimbabwe banned 
the export of chromite ore. Those concerned with depletion 
appear to neglect the continual proving of new reserves and 
the economically dynamic nature of those reserves (that 
is, current resources can be converted to reserves as prices 
and cost of production change). Historically, South Africa 
took a leading position in the processing of chromite ore 
(ferrochromium production), because it had large reserves of 
chromite ore, developed processes to accommodate that ore, 
and made electrical power abundant and inexpensive. China 
has addressed its potential shortages by investing in chromite 
ore and ferrochromium production facilities, both in and out 
of China. The United States has stockpiled chromite ore and 
ferrochromium, a position that was being reevaluated in 2011. 

The outlook for chromium consumption in the United States 
and the rest of the world is about the same as that for stainless 
steel production, which is the leading end use for chromium 
worldwide. In 2011, economic expansion in China and India 
resulted in increased need for chromium to produce stainless 
steel. 

The practice of supplying chromium in the form of 
ferrochromium by countries that mine chromite ore was 
interrupted as China became a major importer of chromite 

ore to produce ferrochromium and South Africa, the leading x 
ferrochromium producer, experienced limited electrical pow 
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supply; however, that trend was not expected to continue as 
China closed small, inefficient, environmentally unfriendly 
ferroalloy production facilities. Generally, ferrochromium 


production is most cost effective when the ferrochromium plant 


is close to the chromite mine. With new efficient and reliable 
ferrochromium production facilities in chromite-ore-producing 
countries, ferrochromium production capacity and production 
are expected to diminish in market-driven economies that 
produce ferrochromium without nearby resources of chromite 
ore. Other factors of production, such as electrical energy 

or labor costs, can offset chromite ore transportation costs. 
Further vertical integration of the chromium industry was 
expected in countries that produce chromite ore as they expand 
ferrochromium or stainless steel production capacity. 

Chromite Ore.—Chromite ore production capacity was 
expected to remain in balance with average consumption. To 
improve chromite ore availability and to stabilize feed material 
price, ferrochromium producers were expected to invest in 
mines that produce chromite ore; or, as chromite ore prices rise, 
new chromite ore resources will be brought into production. As 
platinum mining moves into chromite-bearing seams in South 
Africa, a greater portion of chromite is likely to be supplied 
as byproduct from such operations. In addition, platinum may 


become a byproduct of some chromite operations when efficient 


recovery of platinum from chromite ore tailings is developed. 
To meet chromite ore demand, chromite ore production was 
expected to increase in the leading chromite ore regions (India, 
Kazakhstan, and South Africa) and in the Middle East (Oman, 
Turkey, and United Arab Emirates). 
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TABLE 1 


SALIENT CHROMIUM STATISTICS! 
а а а ээ RR 
2011 


World, production, contained chromium: 


Chromite ore (mine y metric tons 
Ferrochromium (smelter)? do. 
Stainless steel" do. 
U.S. supply: 
Components of U.S. supply, contained chromium: 
Domestic mines do. 
Secondary do. 
Imports: 
Chromite ore? do. 
Chromium chemicals do. 
Chromium ferroalloys do. 
Chromium metal do. 
Stainless steel mill products and scrap do. 


Government —  — 1 ĉo 


O hoty ар = 05 


Тога! до. 


Тоа 
Distribution of U.S. supply, contained chromium: 


Exports: 

Chromite ore бо, 12,000 2,280 743 1,390 1,930 
Chromium chemicals do. 21,000 22,600 13.500 21.600 20,600 
Chromium ferroalloys and metal do. 27,000 11,300 2,900 4,850 3,060 
Stainless steel mill products and scrap do. 231,000 250,000 263,000 246,000 206.000 

Stocks, January 1: 

Fe Govemmet ___ ~ 2 115,000 105,0008 129,000 115,000" 111,000 
Industry’ do. 9,940 7,290 6,820 7,300 6,150 

о -—V— Mb o. 399,000 416,000 396,000" 349,000 

Production, reported, chromium ferroalloy and metal net production? W W W Е е 
Consumption 
Apparent, contained chromium do. 493,000 432,000 160,000 384,000" 451,000 
Reported: 
Chromite ore and concentrates, gross weight do. ү W W w W 
Chromium ferroalloys:"° 
Gross weight do. 469,000 427,000 383,000 423,000" 428,000 
Contained chromium do. 275,000 251,000 224,000 248,000 250,000 
Chromium metal, gross weight do. 5,410 4,740 4,190 4,540 3,080 
Stocks, December 31, gross weight: 
Government о 
Chromite ore do. - es 5 - - 
Chromium ferroalloys do. 155,000 140,000 ® 175,000 154,000 150,000 
Chromium metal do 4,970 4,820 4,670 4,430 ' 4,230 
Industry: 
MEE C CC HU сыы ы нынан ЕАН w w W W W 
Consumer: 
Chromium ferroalloys"" do. 16,300 11,700 10,900 € 11,500 9,900 
Chromium metal do. 221 235 149 ' 284 162 
Other do. 216 272 263 243 92 
Prices, average annual: є 
Chromite ore"? dollars per metric ton 244 346 159 208 2 Е 
Ferrochromium, chromium content!” dollars per pound 1.01° 1.79 ' 0.81 1.17" T 
Aluminothermic chromium metal, gross wei t" do. 3.66 5.30 4.08 5.23 29 
e of trade; 
oem thousands $150,000 $149,000 $86,600 $131,000 dapes 
do. $699,000 — $1,430,000 $444,000 $1,010,000 Уз 10,000 


2007 2008 2009 2010 
6,930,000 " 7,320,000" 6,020,000" 7,370,000" 7,180,000 
4,790,000 4,770,000 * 4,010,000" 5,300,000" 5,440,000 
4,790,000 © 4,540,000" — 4,420,000" 5,370,000' 5,560,000 
162,000 146,000 141,000 144,000 147,000 
46,400 64,300 23,000 43,900 70,300 
10,600 18,000 10,600 5,120 4,270 
259,000 307,000 140,000 305,000 311,000 
11,700 13,100 7,570 13,000 13,600 
158,000 157,000 91,800 133,000 132,000 
253,000 115,000 155,000 6 129,000 115,000 
9,620 9,940 7,290 6,820 7,300 
910,000 831,000 576,000 779,000 800,000 


иди спи SP SPSS á—— ——————DM d 


Imports У 
Net парола! до. -548,000 -1,280,000 -358,000 -884,00 


See footnotes at end of table. 
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TABLE 1—Continued 


SALIENT CHROMIUM STATISTICS! 
иг 2007 2008 2009 2010 2011 
m Stainless steel: USD Са ie уг т DU e 
TUN Production: 
ИТ Gross weight!" metric tons — 2,170,000" — 1,930,000 " 1,620,000" — 2,200,000" 2,070,000 
EL. Contained chromium"? do. 360,000 324,000 276,000 . 383,000 353,000 
Average grade, dimensionless” 0.1656 0.1684 0.1703 0.1738 0.1703 
Shipments, gross weight”! 1,700,000 1,380,000 1,200,000 1,510,000 1,890,000 
Exports, gross weight 476,000 471,000 414,000 508,000 558,000 


Wn — Imports grossweight — — — —— _______ 809,000 783000 416000 585,000 605000 


їй 


Receipts 953,000 858,000 832,000 846,000 866,000 
qn Consumption — о |/|—ГШ ТТ | 1,430,000 1,330,000 1,260,000 1,280,000 — 1,300,000 
їй Exports 882,000 1,000,000 1,130,000 937,000 656,000 
na Imports 118,000 140,000 124,000 195,000 169,000 
yi Value of trade: 
Exports thousands — $2,110,000 — $2,300,000 — $1,450,000 $2,120,000 — $2,510,000 
Tis Imports do. $4,300,000 — $4,040,000 $1,710,000 $2,310,000 " $2,650,000 
їй Scrap exports do. $1,620,000 $1,190,000 $777,000 $936,000 $958,000 
E Scrap imports do. $198,000 $217,000 $138,000 $305,000 $295,000 
Net imports!” do. -$770,000 -$773,000 $384,000 $433,000" $523,000 
‘Revised. do. Ditto. W Withheld to avoid disclosing company proprietary data. -- Zero. 
If 'Data are rounded to no more than three significant digits; may not add to totals shown. 
A "Calculated assuming chromite ore to average 44% Cr,O,, which is 68.42% chromium. 
W *Calculated assuming chromium content of ferrochromium to average 57% chromium. 
IKN ‘Calculated from American Iron and Steel Institute reported stainless steel production assuming chromium content of stainless steel to average 16.7% chromium. 
Calculated assuming chromium content of stainless steel to average 17% chromium. 
ШШ тота January 1, 2009 to December 3 1, 2009, the DLA made ап accounting adjustment to low-carbon ferrochromium stocks making them (the stocks for those 
E months) incompatible for the purpose of computing stock change for that year. January stocks were estimated. 
y "Includes consumer stocks of chromium ferroalloys and metal and other chromium-containing materials. 


"From January 1, 2008 to December 31 ‚ 2008, the DLA changed its high-carbon and low-carbon ferrochromium stocks accounting method making them (the 
Stocks for those months) incompatible for the purpose of computing stock change for that year. December stocks were estimated based on monthly stock 
Т. changes excluding the accounting-change month. 
| Includes chromium ferroalloys and metal and other chromium materials in the United States. 
{ (Chromium ferroalloys, chromite ore, and other chromium-containing materials excluding chromium metal. 
„Chromium ferroalloys and metal producer stocks of chromium ferroalloys and metal. 
Consumer stocks of high- and low-carbon ferrochromium and ferrochromium-silicon. 


Time-weighted average price of South African chromite ore that contains 44% Cr;O, f.o.b. South Africa as reported in Ryan's Notes. 


,,Time-weighted average U.S. price of imported high-carbon chromium that contains 4994 to 5194 chromium as reported in Ryan's Notes. 
Annual average U.S. price of imported aluminothermic chromium metal as reported by Ryan's Notes. 
includes chromite ore and chromium ferroalloys, metal, and chemicals. 

Negative data indicate that imports are greater than exports. 


Source: American Iron and Steel Institute annual report of stainless and heat-resisting raw steel production and shipments. 


p. . 
Estimated mass-weighted average of the mean chromium content of stainless steel production by grade. Uncertainty is approximately + 0.01 


: SQ а Е -O1, owi 
Ape of chromium chemical specification limits by stainless steel grade. Ing to the 


18200 ш езт mass-weighted average chromium content of stainless steel production by grade to production. Expressed as a fraction. 
* ce: erican Iron and Steel Institute annual report of stainless and heat-resisting raw steel shipments. 
Includes stainless Steel and stainless steel scrap. 
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TABLE 2 
U.S. REPORTED CONSUMPTION AND STOCKS OF CHROMIUM PRODUCTS' 


(Metric tons) 
В 
2010 2011 
Gross Chromium Gross Chromium Change” 
weight content weight content Quantity Percentage 
Consumption by end use: 
Alloy uses: 
Steel: | 
Carbon steel 7,210 4,430 5,420 3,570 -1,790 -25 
High-strength low-alloy steel 2,800 1,840 2,890 1,930 91 3 
Stainless and heat-resisting steel 358,000 207,000 364,000 209,000 5,790 2 
Fully alloy steel 17,900 10,900 20,300 12,100 2,400 13 
Unspecified steel? 27,800 17,400 27,000 16,900 -756 3 
Superalloys 9,390 7,480 8,310 6,110 -1,080 -12 
Other alloys and uses" 4,690 3,180 3,160 2,260 -1,530 -33 
Total 428,000 252,000 431,000 252,000 3,110 1 
Consumption by material: 
Low-carbon ferrochromium 32,000 21,900 31,200 21,400 -735 -2 
High-carbon ferrochromium 364,000 215,000 370,000 217,000 6,080 2 
Ferrochromium silicon (5) (5) (5) (5) (5) W 
Chromium metal 4,540 4,540 3,080 3,080 -1,460 -32 
Chromium-aluminum alloy 371 256 179 135 -192 -52 
Other chromium materials __________ 27,100 10,700 26,500 10,600 -581 -2 
Total 428,000 252,000 431,000 252,000 3,110 1 
Consumer stocks: __________- 
" Low-carbon ferrochromium __________ 1,810 1,240 1,850 1,270 43 2 
High-carbon ferrochromium 9,210 5,450 7,390 4,340 -1,820 -20 
_Ferrochromium silicon _______- ©) (5) W W W W 
Chromium metal 284 283 162 162 -122 43 
Chromium-aluminum alloy 124 86 W W W W 
Bn Wa асаа са 12,000 7,300 10,100 6,070 -1,960 -16 
NationalDefenseStockpilestocks" —— __ _ 
Chromium ferroallo s:$ 
High-carbon ferrochromium 95,400 68,100 95,200 68,000 -190 = 
___Гоу-сањоп ferrochromium ________ 59,000 42,200 54,300 38,800 -4,690 -8 
4,430 ' 4,430 ' 4,230 4,230 -203 -5 


preemie а 40° 400.40... 420. 9. 


"Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” -- Zero. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
Change based оп gross weight quantity of unrounded data of current year compared with that of previous year. 


3Includes electrical, tool, and unspecified steel end uses. 


^Includes cast irons, welding and alloy hard-facing rods and materials, wear- and corrosion-resistant alloys, and aluminum, copper, magnetic, 


nickel, and other alloys. 
5Withheld to avoid disclosing company proprietary data; included in “Other chromium materials.” 


6The source for stockpile information is the Defense Logistics Agency, DLA Strategic Materials. 
7The DLA data is based on the “Total Uncommitted Inventory” of stockpile material D-1 report. 
S Chromium content estimated using 71.4% chromium. 
°Chromium content estimated using 100% chromium. 
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TABLE 3 
VALUE OF IMPORTS AND U.S. PRICE QUOTATIONS FOR CHROMIUM MATERIALS! 


2010 2011 
Ec ah I RSS c ERE RR 


Contained Gross Contained Gross 


Material chromium weight chromium weight 
Value? 
Chromite ore: 
Not more than 4096 chromic oxide dollars per metric ton XX XX 1,490 528 
More than 40% but less than 46% chromic oxide do. 537 168 814 252 
4676 or more chromic oxide do. 793 | 252 986 372 
Ауегаре до. 674 212 965 355 
Ferrochromium: 


Not more than 0.5% carbon do. 4,630 3,180 5,000 3,460 
More than 0.5% but not more than 3% carbon do. 3,660 2,240 4,080 2,320 
More than 3% but not more than 4% carbon do. 1,850 1,100 1,400 794 

Average (not more than 4%) до. 4,540 3,090 4,920 3,380 


More than 4% carbon do. 2,290 1,320 2,270 1,300 
Average (all grades) do. 2,560 1,500 2,600 1,530 
Chromium metal‘ do. XX 11,300 XX 14,100 
Price? 
Chromite ore: 


Turkey 
36% to 38% Сг,О, do. 1,340 6 339 1,250 $ 317 
Cu UU ue dO, 


40% to 42% Cr,O, do. 1,270 $ 357 1,190 6 334 
South Africa 
39% Cr,O, do. 778 * 208 719 208 


44% Cr,0, do. 690 208 718 216 
High-carbon ferrochromium: " 
49% to 5196 chromium cents per pound 117 


XX 115 XX 

60% to 65% chromium do. 126 XX 122 XX 
Low-carbon ferrochromium 

0.0596 carbon do. 240 XX 246 XX 

0.1096 carbon do. 216 XX 228 XX 

0.1596 carbon do. 200 XX 219 XX 


Chromium metal: 


Data are rounded to no more than three si gnificant digits; may not add to totals shown. 
,Mass-weighted average based on customs value and weight of imported materia]. 
,Reported by the U.S. Census Bureau. 
„Average for all grades. 

Source: Ryan’s Notes. 

Based on average CrO; content. 
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CHROMIUM... 2011 


TABLE 7 
WORLD PRODUCTION CAPACITY AND APPARENT CONSUMPTION OF CHROMITE ORE, 
FERROCHROMIUM, CHROMIUM METAL, CHROMIUM CHEMICALS, AND STAINLESS STEEL* 


(Thousand metric tons of contained chromium) | 


Production capacity in 2011 
Ferro- Stainless Apparent consumption” 


Country Ore chromium Metal Chemicals steel 2009 — 2010 2011 LPP РР СМР 

Afghanistan 2 = = bs E 2 2 2 NA NA NA | 
' Albania 87 8 = НА = 7 -49 -29 2.77 NA NA 

Argentina -- -- -- 13 - 20 43 36 3.05 МА МА 

Austria zs - = Es 11 39 67 -9 3.89 NA NA 

Belgium -- -- -- -- 259 177 243 266 3.98 МА МА 

Brazil 193 72 x ER 83 98 155 165 3.13 43.3 0.54 

Canada -- -- - = = 16 30 27 3.85 7945 0.56% 

China 60 1,430 6 70 2,210 6,740 7,690 8,260 3.52 43.1 0.30 

Czech Republic m is T ER 3 18 24 16 3.14 NA МА 

Finland 185 126 -- Е 170 48 15 41 4.05 92.4 0.59 

Егапсе = 22 7 а 52 77 117 107 3.85 МА МА | 

Germany =- 18 1 x 267 325 514 550 4.03 NA NA 

Greece 0 -- 25 E ES | | 2 2.83 МА МА 

India 1,170 480 (7) 31 330 732 587 900 3.08 12.4 0.25 

Iran 81 5 -- 2 - 77 75 75 2.49 МА МА 

Кају -- -- -- = 271 308 402 432 3.67 NA NA | 

Јарап -- 11 1 17 655 509 877 872 3.93 МА МА 

Kazakhstan 1,140 852 2 37 M 330 1130 1,140 2.69 17.0 0.32 

Korea, Republic of = a № T 361 385 526 504 3.70 NA МА 

Madagascar 42 == EZ ХЕ = (7) МА 42 2.72 42.0 0.38 

Oman 259 -- -- -- = 192 54 186 2.89 МА МА | 

Pakistan 52 x e 3 M 6 -90 -56 2.83 МА МА 

Philippines 5 de ES e = 4 4 5 3.02 13.0 0.33 

Poland -- -- -- -- | 13 27 27 343 512 04 

Russia 275 353 16 31 31 497 275 23 2.58 24.6 0.30 

Slovenia E = = ке 20 14 22 17 3.29 МА МА 

South Africa 3,270 1,920 2 23 112 -856 77 -391 3.67 44,5 0.33 

Spain _ -- S = = 189 115 169 NA 3.70 576 034 

Sudan 17 -- -- = e -3 17 17 2.10 МА МА 

Sweden -- 78 2s & 116 78 73 78 3.85 85.5 0.59 

Taiwan = S » 2 257 МА МА МА 37 МА МА 

Tuky 57 0 - 17 E. А13 61 29 351 40 050 

Ukraine - -- - 2: 21 МА МА 27 2,85 МА МА 

United Arab Emirates 10 T са __ ра 7 8 МА 3.78 МА МА 

‚ше Kingdom H E. - 60 43 37 45 390 NA МА, 

United States = -- -- 38 420 165 335 393 393 6518 043 

vietnam 31 = -- - m NA NA 12 3.00 144 030 

Zimbabwe 185 120 -- 


United Nations trade statistics (COMTRADE) assuming that chromite ore 
| um; and exports, gross weight. 
ing to Compete 2012, The World Bank. 


| 
M —M———————— | -- = 29 349 181 2.55 21.8 0.21 
Total 7,650 5,530 XX 


"Less than 1 unit. 
3 Average over multiple States, 
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TABLE 8 


CHROMITE: WORLD PRODUCTION, BY COUNTRY"? 


United Arab Emirates 
Vietnam 
Zimbabwe 

Total 


(Metric tons, gross weight) 


Coun 2007 2008 2009 2010 2011° 


6,491 > 
199,771 
253,400 
627,772 
200,000 
556,100 
1,400 > 
3,320,000 
185,760 
3,687,200 
77,700 ' 
407,822 
108,000 ' 
31,592 
776,681 
9,646,958 
15,476 
1,678,932 
19,000 
103,830 
614,559 ' 
22,500,000 ' 


"Estimated. "Preliminary. "Revised. -- Zero. 


6,500 г 
207,104 
224,809 
664,347 
200,000 
613,543 

1,400 

3,900,000 
268,586 
3,552,000 
112,600 г 
859,748 
104,000 ' 
15,268 
913,000 
9,682,640 
27,094 
1,885,712 
34,350 
55,880 
442,584 ' 
23,800,000 ' 


19,600,000 ' 


6,000 
288,759 
119,314 
365,210 
200,000 
246,817 

1,400 

3,760,000 
255,129 
3,544,000 
131,800 * 
636,482 
174,000 ' 
14,322 ' 
416,194 
7,560,938 
14,087 
1,573,993 
23,770 
37,105 
193,673 ' 


6,000 
289,687 
220,129 ' 
200,000 
245,000 

1,400 

3,800,000 
250,000 * 
3,760,000 ^* 
134,500 ' 
801,856 
120,000 ' 
14,807 * 
400,000 ° 
10,871,095 
56,823 
1,904,461 ' 
25,000 
40,000 " 
510,000 ' 


24,000,000 ' 


23,300,000 


6,500 
290,000 


520,200 P5 
200,000 
245,000 
1,600 
3,850,000 
250,000 
3,800,000 
140,000 

616,700 5 

130,000 
15,000 
450,000 
10,200,000 
57,000 
1,900,000 
40,000 
600,000 


"World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


2ТаЫе includes data available through August 22, 2012. 
ЗЕ igures for all countries represent marketable output unless otherwise noted. 
Gross weight estimated assuming an average grade of 44% chromic oxide (Сг›О:). 


4 


"Reported figure. 


SOre grade was 1894 to 4294 chromic oxide (Сг,О;). 
" Average chromic oxide (Сг,Оз) content was as follows: 2007—40.3%; 2008—42.5%; 2009 —40.095; 
2010—49.7% (revised); and 2011—49.7% (estimated). 
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TABLE 9 


FERROCHROMIUM: WORLD PRODUCTION, BY COUNTRY"? 


Country 


Turkey 

United States’ 

Zimbabwe 
Total 


(Metric tons, gross weight) 

2007 2008 
-- 11,916 
195,890 194,324 
1,300,000 1,500,000 
241,760 233,550 
22,030 26,960 
820,000 750,000 
8,000 8,000 
12,016 13,888 
1,307,536 1,220,315 

-- 6,000 ' 
570,000 490,000 
3,551,983 3,268,659 
124,403 117,053 
69,730 79,840 
W W 
187,327 145,430 

8,410,000 8,070,000 ' 


2009 
7,556 
131,048 
1,810,000 
123,310 
13,667 
873,385 $ 
8,000 
7,698 
1,173,286 
15,000 ' 
378,000 5 
2,346,132 ' 
31,345 
41,028 
W 
72,223 
7,030,000 ' 


2010 
8,000 * 
277,114 ' 
2,400,000 * 
125,000 * 
17,300 ^* 
850,000 
8,000 
16,208 
1,311,302 
14,000 ' 
414,000 
3,607,132 
36,000 * 
60,000 * 


T 


146,000 >“ 
9,290,000 ' 


2011° 
8,000 
277,000 ? 
2,600,000 
125,000 
17,800 
830,000 
8,000 
16,000 
1,300,000 
430,000 
3,700,000 
36,000 
60,000 
140,000 
9,550,000 


“Estimated. "Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data; not included in “Total.” ~ Zero. 


"World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


"Table includes data available through August 22, 2012. 


*Includes high- and low-carbon ferrochromium. 


"Reported on a fiscal year basis, which is from April 1 to March 31. Includes ferrochrome and charge chrome. 


*Reported figure. 


“Includes high- and low-carbon ferrochromium and ferrochromium-silicon. 
"Includes chromium metal, high- and low-carbon ferrochromium, ferrochromium-silicon, and other chromium materials. 
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CLAY AND ЗНАТЕ 


By Robert L. Virta 


Domestic survey data and tables were prepared by Robin C. Kaiser, statistical assistant, and the world production tables 


were prepared by Lisa D. Miller, international data coordinator. 


The quantity of clay sold or used by domestic producers in 
2011 decreased slightly to 25.3 million metric tons (Mt) valued 
at $1.53 billion compared with 25.6 Mt valued at $1.48 billion 
in 2010 (table 1). Common clay and shale accounted for 46% of 
the tonnage, and kaolin accounted for 54% of the value 
(tables 1, 5, and 8). In 2011, exports increased slightly to 4.39 
Mt valued at $908 million compared with 4.36 Mt valued at 
$862 million in 2010. Imports of clays were 593,000 metric tons 
(t) valued at $97.4 million in 2011 compared with 555,000 t 
valued at $81.2 million in 2010 (table 1). World production of 
bentonite was 10.3 Mt, production of fuller’s earth was 3.21 Mt, 
and production of kaolin was 33.9 Mt (tables 16—18). 

Approximately 180 companies mined clay and shale in the 
United States in 2011. The 20 leading companies, many with 
multiple operations, accounted for 59% of the tonnage and 85% 
of the value for all types of clay sold or used. Clay production 
was reported in all States except Alaska, Delaware, Hawaii, 
Idaho, Minnesota, New Hampshire, New Jersey, Rhode Island, 
Vermont, and Wisconsin (table 2). Companies that mined clay 
for construction fill and landfill caps and did not operate mills 
or plants were not included in the U.S. Geological Survey 
(USGS) canvass of the clay and shale industry. These companies 
operated in most, if not all, States, 

The 10 leading producer States were, in decreasing order 
of tonnage, Georgia, Wyoming, Texas, Alabama, Missouri, 
Virginia, North Carolina, Tennessee, Mississippi, and Ohio. 

The 15 leading producer companies were, in alphabetical 
order, American Colloid Co. (bentonite); BASF SE (bentonite, 
fuller’s earth, and kaolin); Bentonite Performance Minerals 
LLC (bentonite); Black Hills Bentonite, LLC (bentonite); Carbo 
Ceramics Inc. (kaolin); Cemex USA (common clay and shale); 
General Shale, Inc. (common clay and shale); Imerys SA (ball 
clay and kaolin); KaMin LLC (kaolin); M-I L.L.C. (bentonite); 
Nestlé S.A, (fuller’s earth); Oil-Dri Corp. of America (fuller's 
earth); Texas Industries, Inc. (common clay and shale); Thiele 
Kaolin Co. (kaolin); and Unimin Corp. (ball clay and kaolin). 
Most clay mining in the United States was by open 
pit methods; less than 1% of U.S. clay output was from 
underground mines. Most underground production was in Ohio, 
Where the clays were mainly underclays associated with coal. 

Domestic production data for clays were developed by the 
е a voluntary survey of US. operations. Responses 
E) and company production data available from other 
riis accounted for approximately 50% of the total clay and 
p о sold or used quantity listed in table 1. Production 
шо : dyes were estimated from preliminary 
рану reported prior-year production levels adj usted by 

in the industry, employment hours, and other guidelines. 
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Ball clay 


Production.—In 2011, four companies mined ball clay in 
five States. Production of domestic ball clay decreased by 394 to 
886,000 t valued at $40.9 million compared with 912,000 t 
valued at $41.3 million in 2010 (table 3). Operations in 
Tennessee supplied 63% of the production, followed by, in 
descending order of tonnage, Texas, Mississippi, and Kentucky. 
One producer reported a small quantity of production in Indiana, 
but this probably was fire clay rather than ball clay. 

Consumption.—Consumption of ball clay decreased in 2011. 
The two principal domestic markets were, in decreasing order 
by tonnage, ceramic floor and wall tile (3896) and sanitaryware 
(2075). Ball clay also was sold to manufacture bricks, fiberglass, 
refractory products, and other types of ceramics. Ball clay also 
was sold for filler, extender, and binder applications (table 3). 
Sales for fiberglass and some filler and extender applications 
were likely to have been kaolin mined or purchased by the ball 
clay producers. Domestic sales to the larger markets declined 
4% to 6% while exports increased 996. Exports accounted for 
23% of total ball clay sales. 

Domestic sales of ball clay can be affected by imports of 
products such as ceramics and sanitaryware because they 
compete with ball clay-based ceramic products manufactured 
in the United States. The U.S. International Trade Commission 
(undated) reported that imports of ceramic tile under 
Harmonized Tariff Schedule (HTS) of the United States Codes 
6907.10.00, 6908.10.10, 6908.10.20, and 6908.10.50 increased 
in quantity to 7.80 million square meters valued at $71.5 million 
in 2011 from 7.10 million square meters valued at $68.4 million 
in 2010. Mexico, China, Italy, Brazil, and Peru were the five 
leading sources of tile imports, with 45%, 12%, 8%, 7%, and 
5% of the import volume, respectively. Imports of sanitaryware 
under the 4-digit HTS Code 6910 decreased to 22.5 million 
units in 2011 from 24.4 million units in 2010. China accounted 
for 10.9 million units or 49% of the U.S. sanitaryware imports 
in 2011, and Mexico accounted for 8.40 million units or 37% of 
the imports. 

Imerys, the leading ball clay producer in the United States 
and globally, indicated that North American and some western 
European ceramic markets did not change significantly in 2011. 
The company increased sales in Eastern Europe, the Middle 
East, Brazil, India, and Southeast Asia, regions which exhibited 
stronger economic growth (Imerys SA, 2012, p. 20). 

Prices.—The average unit value for ball clay reported by 
domestic producers was $46 per metric ton compared with $45 
per ton in 2010. The average f.a.s. value for exported ball clay 
was $59 per ton. The average Customs value for imported ball 


clay was $318 per ton. 
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Trade.—Ball clay exports were 49,400 t valued at $2.89 
million in 2011 compared with 44,900 t valued at $3.03 million 
in 2010, according to the U.S. Census Bureau (table 14). 
Producers exported about 208,000 t (table 3). Most of the 
difference in exports reported by producers and the U.S. Census 
Bureau involves shipments to Mexico, whose trade statistics 
suggested that Mexican imports of ball clay from the United 
States were reported under their Harmonized Tariff Standard 
code for kaolin and other kaolinic clays. The water weight of 
slurry shipments (about 30% to 35% of the shipment weight) 
also may account for a portion of the extra tonnage reported 
by producers. Ball clay imports were 465 t valued at $148,000 
(table 15). 

Outlook.—Commercial and residential construction 
activity was tepid in 2011 but increased significantly through 
October 2012. Increased commercial and residential building 
construction results in an increased use of ceramic tile and 
sanitaryware, which were the leading markets for ball clay. 

The annualized rate of housing starts through October 2012 
increased 23% and the annualized rate of construction spending 
through October 2012 increased 9.6% compared with those 

of October 2011 (U.S. Census Bureau, 2012a-c, undated). 

An excess of foreclosed homes available in many areas of the 
country and tight credit, however, may moderate growth in ball 
clay sales in 2012. 

With the lingering effects of the recession, growth in global 
construction markets also is likely to be slow. Ball clay exports 
to Mexico, which supplies finished ceramic products to the 
United States, may increase slightly in 2012. 


Bentonite 


Production.—In 2011, 21 companies produced nonswelling 
and (or) swelling bentonite in 11 States. About 4.81 Mt valued 
at $327 million was sold or used in 2011, 5% more than the 4.60 
Mt valued at $266 million of bentonite sold or used in 2010 
(table 4). Production of nonswelling bentonite was 123,000 t 
valued at $9.55 million in 2011, unchanged from that of 2010. 
Alabama led in the production of nonswelling bentonite, 
followed by, in descending order of tonnage, Mississippi, 
Arizona, California, and Nevada. 

Production of swelling bentonite was 4.68 Mt valued at $317 
million in 2011, an increase of 5% from 4.48 Mt valued at $256 
million in 2010. Wyoming led in the production of swelling 
bentonite, followed by По Texas, California, 

vada, and Colorado. 

— Specie Inc. (a subsidiary of Elementis plc) 
completed a multiyear expansion of its Newberry Springs, CA, 

lant. The $6 million project included the installation of а new 
А dryer system. The expansion will double the previous 
ae ction capacity and be more energy efficient. Hectorite was 
Pd pi such products as cleaners, cosmetics, pharmaceuticals, 
paint polishes, and waxes (Cejnar, 2011). 
| bmitted plans to the Bureau of Land 


-Ben Inc. su ; 
ин for a mine near Thermopolis, WY. Reserves at | 
id a were expected to last 10 to 20 years. The mine will 


ver abou ing that ti iod but with cast- 

со t 30 hectares during that time perio | 

b Bun" methods, only 4 to 6 hectares would be disturbed 
a 


each year (Groenenberg, 2011). 
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Consumption.—In 2011, domestic sales and use of bentonite 
increased 5% from that of 2010. Major domestic sales of 
bentonite were, in decreasing order by quantity, drilling mud (all 
swelling bentonite), pet waste absorbent (all swelling bentonite), 
pelletizing iron ore (all swelling bentonite), and foundry sand 
bond (more than 9996 was swelling bentonite). Bentonite also 
was sold for civil engineering and sealing; fillers, extenders, 
and binders; waterproofing and sealing; and a variety of other 
applications (table 4). 

The leading markets shown in table 4 are representative of 
those of swelling bentonite, which accounted for 97% of total 
bentonite sales. The leading uses of nonswelling bentonite were 
in foundry sand bond and water treatment and filtering. 

Domestic sales of bentonite for pet litter were reported to 
have increased 15% in 2011 but that may be an artifact of better 
reporting by producers rather than an actual increase from 2010. 
A leading supplier to the pet litter market reported that sales 
decreased in 2011 (AMCOL International Corp., 2012, p. 33). 
Other suppliers reported only slightly higher sales for pet litter. 
Sales of bentonite for drilling mud, foundry sand bond, and 
pelletizing iron ore increased because of increases in oil drilling, 
industrial output, and steel production, respectively (Board of 
Governors of the Federal Reserve System, 2012; Virta, 2012; 
Baker Hughes Inc., 2013) (table 4). 

For smaller markets, swelling bentonite accounted for more 
than 95% of the bentonite sold for adhesives; animal feed; 
clarifying and decolorizing animal, mineral, and vegetable oils 
and greases; cosmetics, medical, and pharmaceutical; fertilizers; 
miscellaneous ceramics; miscellaneous fillers and extenders; oil 
and grease absorbents; paint; and plastics. Swelling bentonite 
accounted for less than 50% of sales for water treatment and 
filtering. 

In 2011, American Colloid Co. (a subsidiary of AMCOL 
International) reported increases in sales revenue for metal 
casting applications, its leading revenue market. Its foundry 
sales also increased with the continuing growth in the 
automotive and heavy-equipment markets and its basic minerals 
markets increased mainly on the strength of sales for gas and 
oil drilling and European agricultural sales. Increased revenue 
was a combination of higher prices and increased tonnage sales 
(AMCOL International Corp., 2012, p. 33). 

Rockwood Holdings, Inc. (the parent company of Southern 
Clay Products, Inc.) reported increased sales in most of its 
clay-additive markets with oilfield applications experiencing the 
greatest growth. Revenues also increased because of higher clay 
pricing (Rockwood Holdings, Inc., 2012, p. 54). | 

Prices.—The average unit value reported by domestic | 
producers for nonswelling bentonite was $78 per metric ton 1n 
2011 compared with $76 per ton in 2010. The average value for 
swelling bentonite was $68 per ton compared with $57 per ton 
in 2010. The average value for all bentonite was $68 per ton n 
2011 compared with $58 per ton in 2010, with generally higher 
unit values reported by most producers of swelling bentonite 1n 
2011 because of increased costs and high demand. The average 
f.a.s. value of exported bentonite was $163 per ton. The average 
Customs value of imported bentonite was $787 рег ton. 7 

The price of bentonite that was sold in bulk, crude form in 
railcars for iron ore pelletizing from the mill in Wyoming was 
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$61 to $66 per ton; foundry-grade that was bagged and shipped 
in railcars was $99 to $127 per ton; and American Petroleum 
Institute (API)-grade bentonite that was bagged and shipped in 
railcars was $86 to $132 per ton. Crushed, dried, loose in bulk 
bentonite from India was $34 to $38 per ton for pet litter grade. 
Crude and dried bentonite, sold in bulk, free on board, European 
port, was $54 to $78 per ton for pet litter (Industrial Minerals, 
2011). 

The average annual producer price index (PPI) for bentonite 
under North American Industry Classification System (NAICS) 
code 212325C was 161.6 in 2011 (1984=100) compared with 
157.8 in 2010. The PPI decreased during the year from 164.4 
in March to 159.3 in April but slowly increased to 160.9 by 
December. The PPI measured the average change in the selling 
prices charged by domestic producers of bentonite over time 
(U.S. Bureau of Labor Statistics, undated). 

Trade.—Bentonite exports increased to 1.02 Mt valued at 
$167 million in 2011 from 953 Mt valued at $143 million in 
2010 (table 14). Canada and Japan accounted for the largest 
share of the increase in exports. Most of the increase was 
related to the improving economies with increased demand for 
bentonite by the iron ore, foundry, and oil drilling industries. 
Changes in trade with other countries were relatively minor. 
Domestic bentonite producers reported exports of 785,000 t 
(table 4). Much of the discrepancy between data reported by 
producers and the U.S. Census Bureau data probably resulted 
from producers including a portion of the exports destined 
for Canadian and Mexican markets under domestic sales. In 
addition, some bentonite is packaged domestically and then 
exported as a finished product, such as cat litter. Sales through 
U.S. mineral brokers, where producers do not know if the 
bentonite is used domestically or exported, could also explain 
part of the discrepancy. 

Bentonite imports consisted mainly of untreated bentonite 
clay and chemically or artificially activated materials. Imports 
of untreated bentonite were 9,000 t valued at $7.08 million. 
Imports of artificially activated material were 31,000 t valued at 
$32.9 million (table 15). 

Outlook.—After rebounding from the recession of 2008-09, 
the bentonite industry reached prerecession levels of 
consumption, mainly on the strength of the foundry sand and 
drilling mud markets. Other global markets for bentonite were 
relatively unchanged or declined slightly. Overall bentonite sales 
may increase slightly in 2012. 

Growth in absorbent markets, particularly pet waste 
absorbents, declined during the past 2 years because of reduced 
consumer spending. With only a slightly better outlook for 
Increased consumer spending anticipated in 2012, pet litter 
markets may remain unchanged or increase slightly. Sales of 
i for oil absorbent applications may increase slightly 
RUS жа. with those of 2011 based on a slight increase 
ШОО = ме in the manufacturing sector through 
2012) oard of Governors of the Federal Reserve System, 


Pire of bentonite for drilling mud applications may increase 
i um y 5 2012 compared with those of 2011 because of 
E ase drilling activity 1n 2012. Sales of bentonite also 

ere tied to the iron and steel industries because of its use 
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for pelletizing iron ore and as a foundry sand bond. Through 
September 2012, shipments of iron ore increased slightly 
compared with that of the first 9 months of 2011 (Tuck, 2012). 
Demand for iron ore is likely to continue to increase in 2012 as 
global economies recover. 

Two major suppliers of bentonite to the foundry industry 
indicated that the market increased in 2011 (AMCOL 
International Corp., 2012, p. 29; S&B Industria] Minerals S.A., 
2012, p. 23). Additionally, manufacturing of durable goods 
increased through July 2012 compared with the same period 
in 2011 (Board of Governors of the Federal Reserve System, 
2012). Consequently, sales of bentonite for foundry sand bond 
applications may increase slightly in 2012. 

Sales of bentonite for civil engineering applications, such as 
waterproofing and sealing and landfill caps and liners, continued 
to be affected by reduced construction activity during the 
recession and may be unchanged or increase slightly in 2012. 
Other smaller markets for bentonite may increase slightly in 
2012 as U.S. economic activity increases. 


Common Clay and Shale 


Production.—In 2011, 135 companies produced common 
clay and shale for manufacturing products in 39 States and 
Puerto Rico. Companies that mined clay for construction fill 
and landfill caps and did not operate mills or plants were not 
included in the USGS canvass of the clay and shale industry. 
These companies operated in most, if not all, States. 

Domestic sales or use of common clay and shale decreased 
slightly to 11.7 Mt valued at $141 million in 2011 compared 
with 11.9 Mt valued at $146 million in 2010 (table 5). The 10 
leading producing States were, in descending order of tonnage, 
Texas, Alabama, North Carolina, Georgia, Ohio, Oklahoma, 
Arkansas, Virginia, Missouri, and California. These 10 States 
accounted for 64% of U.S. common clay and shale production. 

The Belden Brick Co. (Canton, OH) purchased Lawrenceville 
Brick Inc., which operated two brick plants near Lawrenceville 
МА, with a capacity of 115 million bricks per year. The purchase 
also included Lawrenceville Brick's clay reserves. The purchase 
increased Belden Brick's capacity to more than 500 million 
bricks per year (Mackinnon, 2012). 

Acme Brick Co. (Ft. Worth, TX) purchased the assets of 
Jenkins Brick & Tile Co. LLC. Jenkins Brick operated three 
brick plants in Alabama and sales facilities in Alabama, Florida 
Georgia, South Carolina, and Tennessee. The company also | 
distributed ceramic tile and fabricated stone building materials 
The purchase allowed Acme Brick, which marketed brick | 
primarily in the Midwest, to extend its sales area to the Atlanti 
seaboard (Acme Brick Co., undated). : 
| Mid America Brick & Structural Clay Products, L 
its modernized Mexico, MO, plant and shipped its BM 
bricks in July. The company operated one kiln With a capaci 
30 million bricks per year but planned to start up a тыг a 
in 2012, doubling its brick-making capacity (Sims, 2011) 

Consumption.—Brick manufacture remained the leadir 
market for common clay and shale, followed by, i ei 
order of tonnage, lightweigh и A ш 

ge, lig ght aggregate and portland cement 
These three markets accounted for 91% of Sales in 2011 | 
Lightweight aggregate sales (2.85 Mt) were subdivided ib 
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concrete block (42%), structural concrete (21%), highway 
surfacing (17%), and miscellaneous lightweight aggregates 
(20%). Other markets for common clay and shale included civil 
engineering, ceramic floor and wall tile, miscellaneous ceramics, 
heavy-clay (nonbrick) products, and refractory products 

(table 5). 

Prices.—The unit average value for all common clay and 
shale produced in the United States was $12 per ton, essentially 
unchanged from that of 2010. The value of clay and shale 
used to produce lightweight aggregate was estimated to be $27 
per ton in 2011 compared with $30 per ton in 2010. Average 
prices for lightweight aggregate produced from clay and shale 
ranged from $30 to $80 per ton for most applications. Unit 
values for common clay and shale should be used with caution. 
Most producers do not sell their clay, but use it directly to 
manufacture products and have not established a selling price 
for their clays. 

The annual average PPI for common (miscellaneous) clay and 
shale under NAICS code 212325B was 183 in 2011 (1984-100) 
compared with 176.6 in 2010. The PPI increased from 179.9 
in January to 186 in December. The PPI measured the average 
change in the selling prices charged by domestic producers of 
common (miscellaneous) clay and shale over time (U.S. Bureau 
of Labor Statistics, undated). . 

Outlook.—Common clay and shale sales again were affected 
by the sluggish U.S. economy in 2011. The seasonally adjusted 
annual rate for housing starts, however, increased 2376 through 
October 2012 and overall construction spending for commercial 
buildings increased 9.676 through October compared with those 
of October 2011 (U.S. Census Bureau, 2012, c). Although 
mortgage foreclosure issues had lessened, tight credit and an 
excess of foreclosed homes available in many regions of the 
country may result in a moderate growth in common clay sales 


in 2012. 


Fire clay 


—— Fire clay producers were mostly refractory 
at used the clays in firebrick and 


i -clay products. In 2011, four firms mined fire 
vario фгее States. Fire clay mined by domestic producers was 
almost unchanged with production of 215,000 t valued at $6.16 
million in 2011 and 216,000 t valued at $6.12 million in 2010 
(table 6). Missouri was the leading producing State, followed 
by, in descending order of tonnage, Colorado and Texas. | 
Several common clay producers that occasionally mine fire clay 


‘ndi id not do so in 2011. 
indicated uy Consumption of fire clay decreased slightly 
in 2011. Leading markets for fire clay were, in descending 

der of tonnage, refractory calcines and grogs, portland 
ni sramic floor and wall tile, common brick, pottery, 
inde amics, and firebrick. Most data were withheld 


‘ecellaneous cer | 
md disclosing company proprietary data (table 6). 


i i i ialties; 
i was sold for high-alumina brick and specialties; 
d jag dr giten mixes; refractory block and mortars; and 
n saggers. Fire clays also were used to produce such 
re 
i d pottery. 
io - -— d the average unit value for fire clay reported 
b eai producers was $29 per metric ton in 2011 compared 
y р 


Production. 
product manufacturers th 
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with $29 per ton in 2010. The average f.a.s. value of exported 
fire clay was $166 per ton. The average Customs value of 
imported fire clay was $447 per ton. 

Trade.—Exports of fire clay and refractory-grade kaolin 
appear to have been combined under the same HTS code in 
recent years. At least 4396, and possibly more, of the exports 
reported by the U.S. Census Bureau under the HTS code for 
fire clay was thought to be refractory-grade kaolin rather than 
fire clay based on the locations of ports from which the material 
was exported. In 2011, exports of fire clay and refractory-grade 
kaolin decreased to 371,000 t valued at $61.6 million compared 
with 404,000 t valued at $61.5 million in 2010 (table 14). In 
2011, imports were 2,000 t valued at $893,000 (table 15). 

Outlook.—Major users of refractory products such as the 
aluminum, glass, iron, lime, and steel industries increased 
production in 2011 and maintained those levels through 
mid-2012, suggesting possible growth in demand for refractory 
products for their furnaces. 

Sales of fire clay for construction-related products, such as 
brick, cement, lightweight aggregate, and tile, face the same 
issues as common clay and shale, a dependence on growth 
in the private housing and commercial construction sectors 
to support growth in heavy-clay markets. Sales of fire clay 
for these applications have been erratic in recent years, with 
producers of common clay venturing into and out of fire clay 
mining depending on their needs. Fire clay sales for heavy-clay 
products may increase slightly in 2012 compared with those of 
2011 if construction activity continues to increase. 


Fuller's earth 


Production.—In 2011, 12 companies produced fuller’s 
earth in 10 States. Fuller's earth deposits consist mainly of 
palygorskite (attapulgite) in Florida and southwestern Georgia 
and montmorillonite in middle Georgia and other States. 
Gelling grades of attapulgite, used as thickeners in such items 
as drilling muds and paints, were mined in western Florida and 
pear Attapulgus, GA. Sorbent grades of attapulgite were mined 
a little further north near Ochlocknee, GA. Sorbent grades of 
attapulgite were grouped with the montmorillonite variety of 


fuller's earth, whose major use also was for sorbent applications, 


in table 7 to be consistent with past reporting. | 
Gelling-grade attapulgite was mined or sold in the Florida 
Panhandle and southwestern Georgia by two companies. 
Production data were withheld to avoid revealing company 
proprietary data, but production increased in 2011 compared 
with that of 2010, with a significant increase in production | 
reported by the leading producer. Florida led in the production 
of gelling-grade attapulgite, followed by Georgia. , 
Production of ће sorbent-grade fuller’s earth decreased 5% to 
1.95 Mt valued at $194 million in 2011 compared with 2.05 Mt 
valued at $201 million in 2010 (table 7). Sorbent-grade fuller s 
earth was produced, in decreasing order of tonnage, in Georgi, 
Missouri, Virginia, Mississippi, California, Tennessee, opes 
Illinois, Kansas, and Texas. Georgia, Mississippi, Missouri, an 
Virginia accounted for 7676 of U.S. production. dd 
Consumption.— Consumption of sorbent-grade fuller S = 
decreased in 2011. Pet waste absorbent was the leading market, 
followed by oil and grease absorbents; civil engineering; 
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clarifying, decolorizing, and filtering of animal, mineral, апа 
vegetable oils and greases; fertilizer carriers; animal feed; 
pesticide carriers; miscellaneous ceramics; unknown uses; and 
paint (table 7). 

Consumption of gelling-grade fuller’s earth increased 
in 2011. The leading market was exports (unknown uses). 
Exports were followed by fillers, extenders, and binders which 
included, in decreasing order of tonnage, unknown filler and 
extender uses; pesticide carrier; paint; fertilizer carrier; animal 
feed; and cosmetic, medical, and pharmaceutical applications. 
Fillers and extenders were followed by drilling mud; clarifying, 
decolorizing, and filtering of animal, mineral, and vegetable oils 
and greases; and oil and grease absorbents. 

Sorbent-grades dominated sales to most fuller’s earth markets, 
but gelling-grades accounted for most of the sales of fuller’s 
earth, in decreasing order of tonnage, for paint; drilling mud; 
and cosmetic, medical, and pharmaceutical applications. 

Oil-Dri completed a $9 million expansion of its Blue 
Mountain Production Co. facility in Mississippi. The expansion 
increased floor space and expanded automation of the 
production system, increasing productivity (Oil-Dri Corp. of 
America, 2011). 

Prices.—The average unit value of gelling-grade fuller’s earth 
was withheld to avoid disclosing company proprietary data but 
the value was unchanged from that of 2010. The average value 
of sorbent-grade fuller’s earth was $100 per metric ton in 2011 
compared with $98 per ton in 2010. The average f.a.s. value of 
exported fuller’s earth was $450 per ton. The average Customs 
value of imported fuller’s earth was $76 per ton. 

Trade.—In 2011, exports increased slightly to 102,000 + 
valued at $45.9 million compared with 100,000 t valued at $35.4 
million in 2010 (table 14). Imports of decolorizing earth and 
fuller’s earth were 1,860 t valued at $142,000 in 2011 (table 15). 

Outlook.—Pet waste absorbent is the leading market for 
fuller's earth. This market has exhibited essentially no growth 
In the past 2 years, and domestic sales are likely to remain 
unchanged in 2012. The second leading market for fuller's earth 
Is Ш oil and grease absorbents. These sales are tied to industrial 
output where increased heavy manufacturing and machining 
results in increased use of oil and grease absorbents. In early 
2012, industrial output increased sli ghtly, suggesting that 2012 
sales of fuller’s earth for oil and grease absorbent applications 
may increase slightly compared with those of 2011 (Board of 
Governors of the Federal Reserve System, 2012). 

The acreage of corn planted increased in 2012. As a result, a 
major supplier indicated higher sales of fuller's earth as carriers 
and suspension agents in fertilizers and pesticides (Oil-Dri Corp. 
of America, 2012, p. 17; U.S. Department of Agriculture, 2012). 
Other uses for fuller’s earth are relatively small in volume. Sales 
for clarifying, decolorizing, and filtering of animal, mineral, 
and vegetable oils and greases are dependent on the quality of 
the oil Source, and sales tend to vary yearly rather than follow 
economic trends. Production of fats and oils increased in 

2011 and Oil-Dri, a leading supplier of fuller’s earth for fluid 
ш products, indicated that sales had increased in the 
j edd Pius of 25 (Oil-Dri Corp. of America, 2012, p. 19). 
ses : y, sales for fluid purification may increase slightly 
· бе пр-ртаде fuller’s earth was sold for construction- 
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related filler and extender applications, such as in adhesives, 
asphalt emulsions, caulks, joint compounds, paint, and roof 
coatings. Sales of these products are constrained by the slow 
housing markets so sales of gelling grades for construction- 
related products may increase slightly in 2012. Sales for drilling 
mud applications may increase slightly in 2012 compared with 
those of 2011, based on increased global oil drilling activity in 
early 2012. 

In general, any improvement in the U.S. economy will likely 
result in slightly improved sales for nonabsorbent applications 
for fuller's earth in 2012. 


Kaolin 


Production.—In 2011, 19 firms mined kaolin in 8 States. 
Domestic production decreased by 396 to 5.77 Mt valued at 
$817 million compared with 5.95 Mt valued at $817 million in 
2010 (table 8). The leading producer State was Georgia, 
followed by, in descending order of tonnage, South Carolina, 
Alabama, Texas, Nevada, Florida, North Carolina, and 
California. 

About 37% of the kaolin produced was water washed, 2296 
was calcined, 1576 was delaminated, 1496 was airfloat, and 1294 
was unprocessed (table 8). Pigment-grade (low-temperature 
calcined kaolin) accounted for less than 50% of the tonnage of 
the total calcined kaolin sales. Sales of pigment-grade calcined 
kaolin were withheld to avoid revealing company proprietary 
data. Companies in Georgia accounted for nearly all the 
pigment-grade calcined kaolin produced in 2011. A small 
amount also was produced in Texas. 

Georgia accounted for 93% of the kaolin production in the 
United States. Kaolin production in Georgia decreased slightly 
to 5.34 Mt valued at $781 million in 2011 compared with 
5.47 Mt valued at $780 million in 2010. Approximately 4094 of 
Georgia kaolin sold was water washed, 2394 was calcined 
(high- and low-temperature calcined kaolin), 1796 was 
delaminated, 10% was airfloat, and 10% was unprocessed 
in 2011 (table 9). Production in South Carolina increased 

significantly to 245,000 t valued at $19.7 million in 2011 
compared with 158,000 t valued at $10.5 million in 2010 
(table 10). One producer in South Carolina accounted for most 
of the increased production. 

Imerys, one of the leading U.S. kaolin roduce 
ари of a plant at its Andersonville, GA, Кат" 
manufacture ceramic proppants for the gas and oi i 
industry. The $60 million plant was id С а ponerse 
ee 100,000 t/yr (Imerys, 2012, p. 21). то 

onsumption.—Consumption of kaolin decre i 
from that of 2010 (table 8). The major domestic ene ari и 
kaolin were, in descending order of tonnage, paper coati E 
and filling (4096 of domestic sales), refractory products ње 
miscellaneous ceramics (16% each), and fiberglass and a 
wool (6%). Other smaller but sieni S an 
significant markets Were cerami 
catalyst manufacture, chemical manufacture, floor and "emus 
heavy-clay products (brick and portland cement). pa; Ба tile, 
and rubber. The leading export market fi мру а 
I i or kaolin was in pa 
coating and filler (table 11). A similar market distributi кде 
seen for producers in Georgia (table 9). TUM 


The sales distribution for South Carolina kaolin producers 
was, in descending order of tonnage, fiberglass, catalyst 
manufacture (included in ceramics in table 10), rubber, brick, 
adhesives, paper coating, portland cement, fertilizer, firebrick, 
plastics, sanitaryware, roofing granules, miscellaneous fillers 
and extenders, and miscellaneous ceramics. Much of the data for 
individual markets were withheld to avoid disclosing company 
proprietary data (table 10). 

Paper coating and filling markets accounted for 50% of total 
(domestic and export) kaolin sales in 2011. Sales for paper 
markets decreased slightly in response to decreased manufacture 
of paper in the North America. Refractory products accounted 
for 12% of total kaolin sales in 2011, with sales increasing 
slightly because of a small improvement in U.S. industrial 
production. Other increases were distributed across many 
end-use markets. 

Prices.—The average unit value of kaolin was $142 per 
metric ton for all kaolin grades. The average value for airfloat 
was $85 per ton; delaminated, $147 per ton; unprocessed, $53 
per ton; and water washed, $162 per ton. The unit value of 
water washed increased significantly as a result of higher values 
reported by one producer. All types of calcined kaolin combined 
were valued at $185 per ton. The average f.a.s. value of 
exported kaolin was $223 per ton. The average Customs value 
of imported kaolin was $102 per ton. 

The price of number 1 paper coating grades of kaolin from a 
plant in Georgia ranged from $160 to $215 per ton, and the price 
of number 2 paper coating grades varied from $110 to $171 per 
ton (Industrial Minerals, 2011). 

The annual average PPI for ball clay and kaolin mining under 
North American Industry Classification System code 2123240 
was 190.9 in 2011 (1984-100) compared with 184.1 in 2010. 
The PPI increased from 186 in January to 193.2 in December. 
The PPI measured the average change in the selling prices 
charged by domestic producers of ball clay and kaolin over time 
(U.S. Bureau of Labor Statistics, undated). 

Trade. —Exports increased in 2011 to 2.49 Mt of kaolin 
valued at $555 million compared with 2.47 Mt valued at $537 
million in 2010 (table 14). Producers reported exports of 1.44 
Mt (table 11). Much of the kaolin exported to Canada and 
Mexico probably was reported under domestic consumption 
by U.S. producers. Sales through U.S. mineral brokers, where 
producers do not know if the kaolin is used domestically or 
exported, also could explain part of the discrepancy. 

Kaolin imports were 549,000 t of kaolin valued at $56.2 № 
million in 2011 compared with 5 10,000 t valued at $51.4 million 
in 2010 (table 15). About 95% of kaolin imports was from 
Brazil and was used primarily in paper coating applications. 

Qutlook.—Sales by the kaolin industry are likely to remain 
unchanged in 2012. In the United States, industrial оро 
of paper, the leading market for kaolin, declined en 
July 2012 compared with the same time period in 2011 (Boar 

ors of the Federal Reserve System, 2012). Paper 
rds Western Europe were weak while those in Southeast 
ae y MR America increased by 676 (Confederation of 
Asia us Paper Industries, 2012, p. 11; Imerys, 2012, p. 34). 
Би sales of kaolin, primarily for paper use, may increase 


slightly, particularly to Asian markets. 
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U.S. industrial manufacturing output increased through 
mid-2012 (Board of Governors of the Federal Reserve System, 
2012). Sales of kaolin used to manufacture such products as 
catalysts, chemicals, plastics, refractory products, and rubber 
may increase slightly in 2012. 

A relatively new growth market for kaolin is ceramic 
proppants. The market for all proppants increased significantly 
in the past decade because of increased drilling and fracturing of 
gas- and oil-bearing formations to improve recovery (Beckwith, 
2011). With the entry of Imerys into the market in 2012 and 
expansion by a current manufacturer of kaolin-based ceramic 
proppants, sales and use of kaolin for this market is likely to 
increase significantly in 2012 and 2013 (Carbo Ceramics Inc., 
2012; Imerys, 2012, p. 22) 

As with ball clay, common clay and shale, and some fire 
clay sales, kaolin also has been affected by the slowdown in 
residential and commercial construction. Sales into 
construction-related markets, such as caulks, fiberglass, floor 
and wall tile, paint, and sanitaryware, slowed and have not yet 
recovered to levels achieved prior to the 2008-09 recession. 
The outlook for these markets is improving with seasonally 
adjusted annual rate for housing starts increasing by 23% 
through November 2012 from December 2011. Overall 
construction spending for commercial buildings increased 9.6% 
from October 2011 to October 2012 (U.S. Census Bureau, 
2012a, c). Imerys (2012, p. 20) reported improved sales for 
ceramics, sanitaryware, and tile in Brazil, Eastern Europe, India, 
the Middle East, and Southeast Asia but lower sales in North 
America. Sales of kaolin to construction-related markets may 
see moderate increases in 2012. 


World Review 


World production of bentonite was approximately 10.3 Mt 
(table 16), and fuller’s earth production was 3.21 Mt (table 17). 
Kaolin production was about 33.9 Mt (table 18), including ball 
clay from Australia, Ukraine, and various other countries, and 
crude kaolin ore production tonnages were reported by many 
countries. World sales of processed kaolin were estimated to be 
between 22 and 24 Mt, after accounting for processing losses 
and stockpiling and the inclusion of ball clay production under 
kaolin by some countries. The United States continued to be the 
leading supplier of processed clay for sale, followed by Turkey 
and Greece for bentonite, Spain for fuller’s earth, and Brazil 
and the United Kingdom for kaolin. Spain led all countries in 
the production of sepiolite. Senegal was the leading producer of 
palygorskite (attapulgite), followed by the United States. The 
rankings above were based on processed clay sold or used and 
not on crude ore production. | 

Clariant AG acquired 96.15% of the shares of Süd-Chemie 
AG, Munich, Germany (Süd-Chemie AG, 2011). Süd-Chemie 
AG was a major global supplier of bentonite with mines Ш 
China, Germany, Mexico, and Spain (Watts, 2011). 
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TABLE 1 
SALIENT U.S. CLAY STATISTICS"? 


(Thousand metric tons and thousand dollars) 


о сл, з к a eee ные 


2007 2008 2009 2010 2011 

Domestic clays sold or used by producers: 

Quantity 36,700 32,700 24,500 25,600 ' 25,300 

Value 1,750,000 1,650,000 1,330,000 1,480,000 " 1,530,000 
Exports: 

Quantity 5,650 5,100 3,830 4,360 4,390 

Value 928,000 938,000 702,000 862,000 908,000 
Imports for consumption: 

Quantity 231 237 325 555 " 593 

Value 73,900 86,600 104,000 81,200 ' 97,400 
"Revised. 
!Excludes Puerto Rico. 


?Data are rounded to no more than three significant digits. 


TABLE 2 
CLAYS SOLD OR USED BY PRODUCERS IN THE 
UNITED STATES, BY STATE"? 


(Thousand metric tons and thousand dollars) 


BENED vM MM MM eae 


2010 2011 
ще Quantity Vale Ошашйу — — Vale _ 
Alabama 1,560" 35,800" 1,380 36,300 
Arkansas 579 8,210 532 7,580 
California 570 33,300 603 38,300 
Colorado 110 350 137 298 
Florida 202 33,600 98 19,300 
Georgia 6,300 819,000 6,490 835,000 
Indiana 381 8,260 351 7,740 
Iowa 201 827 182 862 
Kansas 380 2,940 327 3,320 
Kentucky 323 8,080 362 8,450 
Louisiana 151 1,330 144 1,280 
Michigan 312 1,290 312 1,280 
Mississippi 642 35,600 652 36,600 
Missouri 1,030 40,800 1,050 40,700 
New York 595 30,000 387 16,900 
North Carolina 856 5,300 774 4,880 
Ohio 673 ' 12,700 " 632 13,300 
Oklahoma 554 2,600 570 2,720 
Oregon 9 672 205 1,300 
South Carolina 426 11,700 472 20,900 
Tennessee 776 32,300 755 31,800 
Texas 2,080 48,600 2,140 41,300 
Utah 482 11,800 459 15,100 
Virginia 775 27,500 790 30,200 
West Virginia __ _______ 138 199 138 210 
Wyoming 4,130 € 230,000 * 4,370 287,000 
Other" 1,410 € 34,400 ' 992 22,500 
"Revised. 

Excludes Puerto Rico. 


2Data are rounded to no more than three significant digits; may not add to totals shown. 


3Publishable totals used to avoid disclosing company proprietary data. 
‘includes Arizona, Connecticut, Illinois, Maine, Maryland, Massachusetts, Montana, Nebraska, Nevada, 


New Mexico, North Dakota, Pennsylvania, South Dakota, and Washington. 
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TABLE 3 
BALL CLAY SOLD OR USED BY PRODUCERS IN THE UNITED STATES, ВУ TYPE AND USE! 


(Thousand metric tons and thousand dollars) 


2010 2011 
Quantity Value Quantity Value 
Type: 
Airfloat 629 27,500 615 27,600 
Water-slurried 105 5,100 97 4,710 
Unprocessed 178 8,680 173 8,610 
Total 912 41,300 886 40,900 
Use: 
Fillers, extenders, binders” 40 NA 40 NA 
Floor and wall tile 360 ' NA 340 NA 
Miscellaneous ceramics” 85 NA 80 NA 
Pottery 10 NA 4 NA 
Sanitaryware 188 NA 181 МА 
Miscellaneous“ 36 ' МА 31 МА 
Exports, reported by producers” 191 NA 208 NA 
Total 912 41,300 886 40,900 


‘Revised. NA Not available. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 

"Includes animal feed; asphalt emulsions; rubber; and other fillers, extenders, and binders. 

*Inchudes catalysts, electrical porcelain, fiberglass, fine china/dinnerware, glass, mineral wool, and roofing granules. 


“Includes heavy-clay products, waterproofing seals, refractories, and other unknown uses. 
“Includes ceramics and glass and floor and wall tile. 


TABLE 4 
BENTONITE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY TYPE AND USE! 


(Thousand metric tons and thousand dollars) 
a es о 
2010 2011 
vo a алела а 
Quantity Value Quantity Value 
T 


уре: 

Nonswelling 123 9,410 ' 123 9,550 

Swelling 4,480 ' 256,000 ' 4,680 317,000 
Total — ——— 4600 266000" _____ 4810 327,000 

Use: 

Domestic: 
Pet waste absorbents 961 * NA 1,110 МА 
Adhesives 8 NA 9 NA 
Animal feed 64° NA 36 NA 
Drilling mud 1,040 ' NA 1,160 NA 
Filler and extender applications” 104 NA 68 NA 
Foundry sand 534 ' МА 592 МА 
Pelletizing (iron ore) 586 ' NA 649 NA 
Waterproofing and sealing 103 " NA 181 NA 
Miscellaneous civil engineering 213" МА 124 МА 


Miscellaneous” 245 ' МА 93 МА 
Total 3,860 ' NA 4,020 NA 
TL eA 


Exports, reported by producers: 


Drilling mud 136 ' МА 289 МА 
Foundry sand 135 € NA 158 NA 


Other" 472° i 
785 МА 


WC OO 
• 3 9 4, 
"Revised. NA Not available. 510 327,000 


1 
Data are rounded to no more than three significant digits; may not add to totals shown. 

Includes asphalt tiles, asphalt emulsions, cosmetics, fertilizers ink, medical, miscellane 

| tiles, | ns, , , , ous fillers and extend icati 

paint, paper coating, paper filling, pesticides and related products, pharmaceuticals, and plastics. а. 

Includes ceramics, chemical manufacturing, clarifying and decolorizin i 

, , g, heavy-clay products, 

refractories, and other unknown uses. сш. РА oe 

Includes absorbents, fillers and extenders, refractories, pelletizing, and other unknown uses. 
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TABLE 5 
COMMON CLAY AND SHALE SOLD OR USED ВУ PRODUCERS 
IN THE UNITED STATES, BY STATE AND USE"??? 


(Thousand metric tons and thousand dollars) 


2010 2011 
Quantity Value Quantity Value 
State: 
Alabama 1,300 21,500 1,190 24,100 
Arkansas 534 7,580 532 7,580 
California 355 5,000 398 6,990 
Colorado 109 352 123 293 
Georgia 657 . 3,910 644 6,880 
Indiana 358 7,110 332 6,620 
Iowa 201 827 182 862 
Kansas 353 1,850 291 1,880 
Kentucky 284 5,780 328 6,430 
Michigan 312 1,280 312 1,280 
Mississippi 259 1,540 264 1,570 
Missouri 412 3,060 431 3,370 
New York 595 30,000 388 16,900 
North Carolina 846 4,890 764 4,460 
Ohio 671' 12,600 ' 632 13,300 
Oklahoma 554 2,600 570 2,720 
Огероп -- — 194 538 
South Carolina 267 1,190 227 1,250 
Tennessee 113 817 113 817 
Texas 1,730 € 14,000 1,840 13,300 
Utah 322 7,020 334 7,260 
Virginia 503 6,010 500 6,000 
West Virginia 138 199 138 210 
Other 1,030 € 6,580 ' 959 6,220 
Total 11,900 € 146,000 € 11,700 141,000 
Use: 
Floor and wall tile” 376 ' МА 364 МА 
Heavy-clay products: 
Brick, extruded 5,080 ° NA 4,490 NA 
Brick, other 770 € МА 864 МА 
Other? 122* NA 115 NA 
Lightweight aggregate: 
Concrete block 1,340 NA 1,200 NA 
Highway surfacing 561 NA 489 NA 
Structural concrete 734 ' МА 586 МА 
Miscellaneous 266 NA 577 NA 
Portland and other cements 2,070 NA 2,380 NA 
E CO C суушу ы 366 ' NA 338 NA 


"Revised. МА Not available. -- Zero. 

!Data are rounded to no more than three significant digits; may not add to totals shown. 

?Excludes Puerto Rico. 

3tncludes only production for companies with mills or plants. 

"includes Arizona, Connecticut, Florida, Illinois, Louisiana, Maine, Maryland, Massachusetts, Montana, Nebraska, 
New Mexico, North Dakota, Pennsylvania, South Dakota, Washington, and Wyoming. 

5Includes ceramic tile, quarry tile, and miscellaneous floor and wall tiles. | 

6Includes drain tile, flower pots, flue linings, sewer pipe, structural tile, and miscellaneous clay products. | 

"Includes firebrick, blocks and shapes, mortar and cement, grogs and calcines, and miscellaneous мар и а 
8тпсЇшдез exports, reported by producers; miscellaneous civil engineering and sealings; miscellaneous fillers, ех j 


and binders; pottery; roofing granules; and other unknown uses. 


1 8. 10 


ТАВГЕ 6 
FIRE CLAY SOLD OR USED ВУ PRODUCERS IN THE UNITED STATES, BY USE! 


(Thousand metric tons and thousand dollars) 


2010 2011 
Quantity Value Quantity Value 
Production 216 6,120 215 6,160 
Use OS $100 


Use: 
Heavy-clay products and lightweight aggregates" 87 ' МА 87 МА 

Refractories: | 
Firebrick, block, shapes 19 NA 1 МА 
Grogs and calcines W NA W NA 
Other refractories” W NA W NA 
Miscellaneous’ 109 ' NA 126 NA 
Total 216 6,120 215 6,160 


Revised. NA Мог available. W Withheld to avoid disclosing company proprietary data; included in “Miscellaneous.” 
„Раја are rounded to no more than three significant digits; may not add to totals shown. 

“Includes common brick, concrete block, portland cement, and structural concrete. 

*Includes kiln furniture, mortar and cement, and miscellaneous refractories. 

“Includes floor tile, wall tile, and other unknown uses. 


TABLE 7 
FULLER'S EARTH SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY TYPE AND USE! 


(Thousand metric tons and thousand dollars) 


2010 2011 
uantity Value uantity Value 
Type: 
__Айаршейе = -~-~ pulgite (2) (2) (2) (2) 
Montmorillonite 2,050 201,000 1,950 194,000 
Total 2,050 201,000 1,950 194,000 
Use: 
Absorbents: 
Oil and grease absorbent 150° NA 167 NA 
Pet waste absorbent 1,380 NA 1,280 NA 
Animal feed 52° NA 54 NA 
Fillers, extenders, binders? 122: МА 83 МА 
Filtering, clarifying, and десоїогігіпр“ 80" МА 125 МА 
Miscellaneous? 236 ' NA 213 NA 
Exports, reported by producers? 237 МА 22 МА 


Total 2,050 201,000 1,950 194,000 
Do 4950 205900_ 1,50 X 194,000 
'R 


evised. NA Not available. 

Data are rounded to no more than three si ignificant digits; may not add to totals shown. 
^Withheld to avoid disclosing company proprietary data. Primarily gellant-grade fuller’s earth. More information can 
be found in the “Fuller’s Earth” portion of the production section of this report. 

"Includes asphalt emulsions; medical, pharmaceuticals and cosmetics; paints; pesticides and related products; and 
other unknown uses. 

“Includes mineral and vegetable oils and greases. 

“Includes civil engineering, drilling mud, miscellaneous absorbents, and other unknown uses. 

“Includes oil and grease absorbents, pet waste absorbents, drilling mud, paint, and other unknown uses. 
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TABLE 8 


KAOLIN SOLD OR USED BY PRODUCERS IN THE UNITED STATES, 


BY STATE AND TYPE! 


(Thousand metric tons and thousand dollars) 


State: 
Georgia 
South Carolina 
Other’ 
Total 
Type: 
Airfloat 
Calcined:? 
Delaminated 
Unprocessed 
Water washed 
Total 
"Revised. 


2010 2011 

Quantity Value Quantity 
$,470' 780,000 * 5,340 
158 10,500 245 

758 65,800 792 
1,340 252,000 1,280 

984 137,000 883 

584 ' 29,800 ' 671 
2,280 332,000 2,140 
5,950" 817,000" 5,770 


1 
Data are rounded to no more than three significant digits; may not add to totals shown. 


“Includes Alabama, California, Florida, Nevada, North Carolina, and Texas. 


Value 


781,000 
19,700 
16,600 

817,000 


67,600 
237,000 
129,000 

35,400 
348,000 
817,000 


*Includes pigment-grade kaolin (low-temperature calcined kaolin) and refractory-grade kaolin 


(high-temperature calcined kaolin). 
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ТАВГЕ 9 
GEORGIA KAOLIN SOLD OR USED ВУ PRODUCERS, BY TYPE AND USE! 


(Thousand metric tons and thousand dollars) 


2010 2011 
Kind Quantity Value Quantity Value 
Type: 
ul D—-——«P (Qc 


Airfloat 621 54,100 549 45,600 
Calcined” 1,240 242,000 1,260 229,000 
Delaminated 984 137,000 884 129,000 
Unprocessed 422 23,300 525 29,000 
Water washed 2,200 324,000 2,130 347,000 
Total 5,470 ' 780,000 ' 5,340 781,000 
Use: 
Domestic: 
Ceramics and glass: 
Catalysts (oil-refining) W NA W NA 
Fiberglass, mineral wool 238 ' МА 218 МА 
Roofing granules 35" NA 26 NA 
Other? 641 ' NA 715 NA 
Fillers, extenders, binders: 
Adhesives 19 NA 18 NA 
Paint 179 € NA 176 NA 
Paper coating 1,710 ' NA 1,580 NA 
Paper filling 149 ' МА 130 МА 
Plastic 44° NA 41 NA 
Rubber 141° NA 102 NA 
Other" 46° NA 82 NA 
Heavy-clay products? (6) МА (6) МА 
Refractories’ (6) МА (6) МА 
Undistributed® 828 ' NA 860 NA 
Total 4,030 ' МА 3,950 МА 
Exports, reported by producers: 
Paint 48 NA 45 NA 
Paper coating” 1,190 ' NA 1,130 NA 
Paper filling” 44 ' МА 46 МА 
Rubber 36 NA 36 NA 
Undistributed'? 124 ' МА 135 МА 
Тога] ______1,440' _____МА__ 1390 _____ МА 
Grand total 5,470 ' 780,000 * 5,340 781,000 


Revised. NA Not available. W Withheld to avoid disclosing company proprietary data. 

‘Data are rounded to no more than three significant digits; may not add to totals shown. 

“Includes Pigment- and refractory-grade calcined kaolin. 

"Includes catalysts (oil-refining), electrical porcelain, fine china/dinnerware, pottery, miscellaneous ceramics, and 
sanitaryware. 

“Includes animal feed; asphalt tile; fertilizers; medical, pharmaceuticals, and cosmetics; pesticides and related 
products; and miscellaneous fillers, extenders, and binders. 

"Includes brick (common and face), portland cement, and miscellaneous clay products. 

‘Withheld to avoid disclosing company proprietary data; included in “Domestic: Undistributed.” 

"Includes firebricks, blocks and shapes, grogs and calcines, high-alumina specialties, kiln furniture, and miscellaneous 
refractories. 

"Includes absorbents, chemical manufacturing, floor and wall tiles, heavy-clay products, refractory products, 
waterproofing seals, and other unknown uses. 

Some export sales, by producers, may be included under domestic sales. 

Includes miscellaneous ceramics and miscellaneous fillers, extenders, and other unknown uses. 
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ТАВГЕ 10 
SOUTH CAROLINA KAOLIN SOLD OR USED BY PRODUCERS, ВУ USE! 


(Thousand metric tons and thousand dollars) 


2010 2011 
Quantity Value Quantity Value 

Production? 158 10,500 245 19,700 
==> 67 МА 118 МА 
Rubber 31 NA 41 NA 
Other uses* 60 NA 87 NA 
Total 158 10,500 245 19,700 
NANotavailable. >>| 


'Data are rounded to no more than three significant di gits, may not add to totals shown. 

2 Includes airfloat, unprocessed, and calcined kaolin. 

?Includes catalysts (oil-refining), fiberglass, roofing granules, and sanitaryware. 

“Includes adhesives, animal feed, brick (common), floor and wall tile, paper coating, plastics, and refractories. 


TABLE 11 
KAOLIN SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE' 


(Thousand metric tons) 


Use 2010 2011 
Domestic: 
Ceramics: 
Catalyst (oil and gas refining) 179 162 
Fine china and dinnerware 6 6 
Floor and wall tile 84 93 
Pottery” W W 
Roofing granules 35 27 
Sanitaryware 42 27 
Miscellaneous ceramics 584 ' 686 
Chemical manufacture W W 
Fiberglass, mineral wool 245 ' 279 
Fillers, extenders, binders: 
Adhesive 20 36 
Paint 190 185 
Paper coating 1,720 1,590 
Paper filling 149 130 
Pesticide’ W W 
Plastic 50 43 
Riber oo ии 173" 142 
_ Miscellaneous fillers, extenders, binders о ^ 46' 86 
Heavy-clay products: 


Brick, common and face 


37 25 
Portland cement 86 64 
Refractories“ 695 701 
Miscellaneous applications 124 ' 45 
Total 4,470 ' 4,330 
Exports, reported by producers: 
Ceramics? W W 
Paint 84 59 
Paper coating 1,190 1,130 
Paper filling | 44 46 
Rubber 40 67 
Miscellaneous 124° 138 
Total 
ee ы 1,480 ' 1,440 
Grand total | 5,950 ' 5,770 
"Revised. W Withheld to avoid disclosing company proprietary daz 970. 


| void disclosing company proprietary data. 
Data are rounded to no more than thre 


е Significant digits; may not add to totals shown. 
"Included in “Miscellaneous ceramics.” 


: Included in “Miscellaneous fillers, extenders, binders.” 
Includes firebrick (blocks and shap 


: m es), grogs and calcines, and miscellaneous refractories. 
. "Included in “Exports, reported by 


producers: Miscellaneous.” 
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Concrete Structural Total 
Е ef 
State block concrete Other? Quantity Value* 
2010: 


TABLE 12 


COMMON CLAY AND SHALE USED IN LIGHTWEIGHT AGGREGATE 


PRODUCTION IN THE UNITED STATES BY STATE! 


Alabama 361 25 43 430 11,900 
Arkansas 128 32 -- 160 6,240 
California -- 34 -- 34 2,140 
Indiana 65° 32 65 162 6,500 
Kansas 19 3 37 28 188 
Kentucky 44 36 -- 80 4,470 
Louisiana 62 19 29 110 1,030 
Missouri 22 18 63 103 1,110 
Nebraska -- -- (3) г (3)! 2 
New York 163 272 -- 435 28,200 
Ohio 72 40 68 180 7,820 
Oklahoma 20 3 -- 25 703 
Texas 149 161 389 € 699 5,540 
Utah 91 57 112 260 5,820 
Virginia 145 2 51 196 4,490 
Total 1,340 734 ' 825 ' 2,900 ' 86,100 ' 
2011: 
Alabama 328 -- -- 328 14,500 
Arkansas 128 32 -- 160 6,240 
California 2 53 -- 55 3,470 
Indiana 22 36 88 145 6,000 
Kansas Е -- 38 38 26 
Kentucky 49 34 9 92 4,700 
Louisiana 62 19 29 110 1,030 
Missouri 25 Е 126 126 1,360 
Nebraska „= s | 1 5 
New York 122 136 117 375 16,000 
Ohio 72 40 68 180 7,820 
Oklahoma 20 3 -- 23 703 
Texas 162 174 427 763 6,050 
Utah 91 57 112 260 5,820 


Virginia 


stimated. ‘Revised. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
Includes highway surfacing. 


2 


3Less than И unit. 
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>. 


(Thousand metric tons and thousand dollars) 


145 


50 


4,490 


Van 
Total 1200586 1070 2850 78200 
“Estimated. "Revised. ат 
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ТАВГЕ 13 
COMMON CLAY AND SHALE USED IN BUILDING BRICK 
PRODUCTION IN THE UNITED STATES, BY STATE"? 


(Thousand metric tons and thousand dollars) 


2010 2011 
State Quantity Value* Quantity Value* 

Alabama 541 6,210 537 6,200 
Arkansas 22 47 154 705 
California 117 710 117 710 
Colorado 93 242 90 237 
Georgia 607 3,670 593 6,640 
Kentucky’ 200 1,210 232 1,430 
Mississippi 259 1,540 264 1,570 
North Carolina 621 2,830 538 2,400 
Ohio 296 ' 3,320 ' 323 4,070 
Oklahoma 404 1,540 404 1,540 
Pennsylvania 288 1,650 279 1,530 
South Carolina 257 1,140 217 1,210 
Tennessee 114 817 113 817 
Texas 457 2,460 310 1,820 
Virginia 306 1,520 276 1,450 
Other’ 1,270 7,650 ' 903 4,170 

Total 5,850 ' 36,600 ' 5,350 36,500 


“Estimated. ‘Revised. 
"includes extruded and other brick. 


?Data are rounded to no more than three significant digits; may not add to totals shown. 
*Extruded brick only. 


“Includes all other States except for Alaska, Nevada, New Hampshire, Rhode Island, Vermont, 
and Wisconsin. 


TABLE 14 
U.S. EXPORTS OF CLAYS, BY TYPE! 


(Thousand metric tons and thousand dollars) 


2010 2011 


Material Quantity Value . Quantity Value — Principal destinations in 2011 

Bentonite 953 143,000 1,020 167,000 Mexico, 70%; Peru, 14%; Taiwan, 16%. 
Fire clay 404 61,500 371 61,600 Taiwan, 51%; Spain, 22%; New Zealand, 3%. 
Fuller's earth 100 35,400 102 45,900 Japan, 18%; China, 9%; United Kingdom, 7%. 
Kaolin 2,470 537,000 2,490 555,000 Netherlands, 79%; Spain, 21%. 
Clays, n.e.c. 382 ' 82,200 ' 358 76,400 Canada, 62%; Mexico, 33%. 

Total — ..4360 ^ 862000 4,390 908. 007 
Revised. ee BN 


Source: U.S. Census Bureau. 
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TABLE 15 
U.S. IMPORTS FOR CONSUMPTION OF CLAY, BY TYPE! 


(Thousand metric tons and thousand dollars) 


2010 2011 
Ы е = е . 
Material Quantity Value Quantity Value Principal sources in 2011 
China clay or kaolin 510 ' 51,400 ' 549 56,200 Brazil, 95%; Taiwan, 2%; Canada, 1%, 
Bud imus diuo Mt a „1... ... 


Fire clay (2) 195 ' 2 893 China, 8196; Czech Republic, 10%; Canada, 4%. 
"Dub лы ы = . . . 
Ball clay 1 138 (2) 148 United Kingdom, 89%; China, 11%. 
Ca hp gi oS пл ЕО М 
Bentonite 15 € 5,080 ' 9 7,080 Greece, 34%; China, 18%: Egypt, 13%; Turkey, 11%. 
м а. 
Fullers’s earth 1 160 2 142 China, 96%; Japan, 2%; Netherlands, 2%, 
n ee ME I E E в в 
Chamotte ог Dina’s Earth (2) 110 (2) 12] Czech Republic, 99%; Mexico, 1%. 
Artificially activated clay and earth 28 ' 24,100 ' 31 32,900 Mexico, 59%; Germany, 22%; United Kingdom, 7%. 
——— . ate clay апа earth — —— 
Total 555 ' 81,200 ' 593 97,500 
‘Revised. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Less than М unit. 
Source: U.S. Census Bureau; data adjusted by U.S. Geological Survey. 
CLAY AND SHALE 2011 S 
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TABLE 16 


BENTONITE: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 
Country? 2007 2008 2009 2010 2011* 
Algeria‘ 32,600 30,600 31,000 34,000 ' 34,000 
Argentina 250,000 256,000 148,000 204,000 ' 200,000 
Armenia" 1,130 ? 1,100 ' 1,000 ' 1,400 ? 1,400 
Australia” * 255,000 250,000 240,000 230,000 230,000 
Azerbaijan? 50,500 40,700 10,600 18,100 20,000 
Bolivia Е 1 323 440 591 
Bosnia and Herzegovina 32,900 30,500 16,000 314° = 
Brazil, beneficiated 330,000 340,000 264,000 532,000 ' 532,000 P 
Bulgaria 99,000 178,000 108,000 100,000 =° 100,000 
Burma® 971 5 1,000 1,000 1,000 1,000 
Chile 533 = ЕЕ ы 1,260 > 
Croatia 19,600 19,800 -- -- = 
Cyprus 150,000 150,000 150,000 150,000 150,000 
Czech Republic, includes montmorillonite clays‘ 335,000 235,000 ' 177,000 ' 183,000 160,000 
Egypt 29,800 5 32,000 5 32,000 27,000 ' 32,000 
Georgia? | 5,000 5,000 5,000 5,000 5,000 
Germany 385,000 414,000 326,000 363,000 ' 350,000 
Greece* 950,000 1,500,000 845,000 5 850,000 850,000 
Guatemala 23,600 62,700 14,300 22,400 20,000 
Hungary 5,400 ' 5,000 ' 5,300 "> 3,000 ' 3,000 
Indonesia а 5,500 6,000 6,000 6,500 6,500 
Iran’ 254,000 358,000 387,000 ' 400,000 ° 400,000 
ау 306,000 281,000 146,000 111,000 110,000 
Japan 430,000 435,000 432,000 430,000 425,000 
Куб 70 70 70 70 70 
Маседопа“ 35,200 22,900 15,400 12,800 ' 14,500 
Malawi 2,080 7,020 8,050 1,020 1,000 
Меко O 7 S S o S S S S o o 614,000 375,000 511,000 591,000 ' 53,800 5 
Disco E a a 81,000 80,000 80,000 80,000 80,000 
Mozambique 0 00 10,500 17,700 7,390 6,990 ' 24,000 
NewZealand,processed' 0 — — 7 OoOo 6,150 753 880 1,220 ' 1,000 
а На угу. 32,400 31,500 ' 33,500 ' 35,000 36,000 
e НА ЛАА ОЕЕО LL Це 21,500 31,600 119,000 ' 119,000 ' 27,500 > 
Philippines 1,150 1,420 1,410 1,480 ' 1,500 
Poland _ __ _ _ 1,300 * 3,000 € 3,000 ' 3,000 ^* 3,000 
SONA. E У 16,900 16,600 13,800 14,000 14,000 
ee ШЕЕ 149,000 145,000 109,000 110,000 110,000 
rri NER зу. 45,800 44,100 40,300 54,300 61,000 
D PCR 155,000 155,000 155,000 155,000 155,000 
с ы ы ы ы с уы 1,740,000 1,550,000 932,000 900,000 =° 1,000,000 
Turkmenistan, includes bentonite powder? — 50,300 ' 50,300 ' 50,300 ' 50,300 ' 50,300 
е 300,000 200,000 195,000 185,000 ' 185,000 ‚ 
= 4,820,000 4,910,000" 3,650,000 4,600,000" 4,810,000 
| мз a 15,000 15,000 15,000 15,000 15,000 
Zimbabwe 100 100 -- ° = = 
Total 12,000,000 " 12,300,000" 9,280,000" 10,600,000" 10,300,000 
‘Estimated. "Preliminary. "Revised. — Zero. 


‘World totals, U.S. data, and estimated data 
“Table includes data available through July 26, 2012. 
*In addition to the countries listed, Canada an 
inadequate to make reliable estimates of outp 
“Includes bentonitic clays. 

"Reported figure. 

бү ear beginning March 21 of that Stated. 
‘Montmorillite type bleaching clay. 

*May include other clays. 


d China are thou 
ut levels. 


are rounded to no more than three si 
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gnificant digits; may not add to totals shown. 


ght to produce bentonite, but output is not reported, and available information is 


TABLE 17 
FULLER’S EARTH: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 


Coun 2007 2008 2009 2010 2011° 
Australia, attapulgite" 10,000 10,000 9,500 10,000 10,000 


Guatemala 109 -- — — — 
Кају“ 3,000 3,000 3,000 3,000 3,000 
Mexico 34,200 66,100 108,000 170,000 г 107,000 4 
Morocco, smectite’ 15,000 15,000 15,000 15,000 15,000 
Pakistan® 12,900 4 10,500 € 10,500 ' 15,000 ' 17,000 
Senegal, attapulgite 150,000 * 167,000 181,000" 204,000 200,000 
South Africa, анаршене 68,400 69,900 54,400 85,300 ' 92,000 
Spain: 

Attapulgite 20,000 20,000 20,000 20,000 20,000 
Sepiolite 800,000 800,000 800,000 800,000 800,000 
United States? © 2,600,000 — 2,340,000 _ 2,010,000 2,050,000 1,950,000 ^ 
Total 3,720,000 — 3,500,000 _ 3,210,000 3,370,000" 3,210,000 


"Estimated. "Revised. — Zero. 
'Excludes centrally planned economy countries and former such countries, some of which presumably produce fuller's earth but for which 


no information is available. Table includes data available through July 26, 2012. 
2 


World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
“In addition to the market economy countries listed, France, India, Iran, Japan, and Turkey have reportedly produced fuller’s earth in the past 


and may continue to do so, but output is not reported, and available information is inadequate to make reliable estimates of output levels. 


‘Reported figure. 

*Sold or used by producers. 

"Excludes attapulgite. 

TABLE 18 
KAOLIN: WORLD PRODUCTION, BY COUNTRY"? 
(Metric tons) 
Coun 2007 2008 2009 2010 2011* 

Algeria 107,000 50,800 87,800 ' 71,100" 75,000 
Argentina ~~~ 69,400 55,000 78,800 78,700 ' 78,000 
Australia, includes ball са ^ ^ ^ ^ 250,000 230,000 230,000 240,000 240,000 
Austria, marketable 56,700 49,500 84,000 59,000 ' 60,000 
Bangladesh" SSCS 8,600 8,500 8,500 8,500 8,500 
Belgium* 300,000 300,000 300,000 300,000 300,000 
Bosnia and Herzegovina, crude 188,000 259,000 148,000 41,800 ' 232,000 ? 
Brazil, beneficiated 2,530,000" 2,460,000" 1,990,000 2,200,000" —— 2,200,000 
ии 1,630,000 1,530,000 939,000 900,000 ^* 900,000 
Canada -—D—— А 13,000 3,000 5,000 -- 
Chile ——— 87,900 63,500 48,400 62,200 59,900 5 
Czech Republice = 3,600,000 3,830,000 2,890,000 3,490,000 3,610,000 5 
Denmark, sales 2,500 2,500 2,500 2,500 2,500 
Бозе  — ыш ыы 18,600 5 15,000 15,000 15,000 15,000 
Ew —-——— 332,000 523,000 550,000 304,000 ' 305,000 
Eia 09d 184 "5 200 " 175° 200 ' 200 
Ethiopia 1,400 * 1,280 3,530 3,700 + 4,000 
France, marketable’ ^ — — ——— 307,000 5 300,000 300,000 300,000 300,000 
Germany MIN 3,620,000 4,510,000 4,580,000" 4,900,000 


Germany 3,840,000 
| Д E 
Greece 40,000 2:209 = 
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TABLE 18—Continued 
KAOLIN: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 
Coun 2007 2008 2009 2010 2011° 
Guatemala 2,660 2,800 1,880 2,140 2,000 
Hungary, processed" 3,000 3,000 2,800 3,000 3,000 
India:° 
Processed 200,000 210,000 210,000 220,000 220,000 
Salable crude 570,000 570,000 580,000 580,000 600,000 
Indonesia® 150,000 ' 150,000 " 186,000 "5 170,000 ' 175,000 
Гап“ 350,000 320,000 907,000 ' 900,000 *° 900,000 
Кају, kaolinitic earth 7 635,000 591,000 1,070,000 641,000 * 640,000 
Јарап“ 11,000 > 11,000 12,000 12,000 13,000 
Јогдап 101,000 181,000 177,000 114,000 ' 150,000 
Kenya 900 930 890 970 ' 1,000 
Korea, Republic of 688,000 955,000 659,000 764,000 799,000 5 
Kyrgyzstan" 400,000 400,000 400,000 400,000 400,000 
Malawi 1,000 1,100 = хе zs 
Malaysia 588,000 506,000 464,000 530,000 500,000 
Mexico 86,800 85,100 78,100 120,000 120,000 5 
New Zealand 14,100 12,800 9,020 10,000 10,000 
Nigeria‘ 100,000 100,000 100,000 100,000 100,000 
Pakistan 25,700 ' 24,500 ' 15,300 ' 27,300 * 26,000 
Рагарџау“ 66,000 66,000 66,000 66,000 66,000 
Peru 4,770 " 13,200 ' 955 г 16,700 18,200 > 
Poland, washed 153,000 166,000 143,000 140,000 "° 140,000 
Portugal 184,000 231,000 275,000 285,000 285,000 P5 
Romania 7,580 3,170 1,000 • 1,000 1,000 
Russia, concentrate" 45,000 45,000 45,000 45,000 45,000 
Saudi Arabia 4,420 ' 15,000 ' 4,170 ' 62,000 ' 65,000 
Serbia 
Cru de -T m г э т а т mm 
Washed -1 -' -I -' ii 
Slovakia 46,000 44,000 10,000 10,000 10,000 
South Africa 50,800 39,200 ' 31,000 29,900 15,000 
‘Spain, marketable, crude and washed — 450,000 465,000 465,000 485,000 486,000 
Sri Lanka 11,200 10,000 9,540 г 8210' 8,000 P 
Thailand, beneficiated 159,000 162,000 160,000 * 160,000 160,000 
Turkey 914,000 792,000 728,000 711,000 ' 700,000 
Орда _______________ 30,000 30,000 30,000 30,000 30,000 
Ukraine 1,740,000 ' 1,460,000 * 764,000 ' 1,090,000 ' 1,100,000 
ed Ki @7 1,800,000 1,800,000 1,800,000 900,000 900,000 
United Kingdom, sales" .— 1. 5 
United States? 7,110,000 6,740,000 5,290,000 5,950,000 5,770,000 
Usbekisten” ^ __________ 5,500,000 5,500,000 5,500,000 5,500,000 5,500,000 
neni л азы ы. 10,000 10,000 10,000 10,000 on 
CH RM NR 650,000 650,000 650,000 650,000 pos _ 
ЕТ ы ы» 200 200_ 200_ 200_ o6 
ТЕСЕ 36,200,000 © 35,700,000 33,000,000 33,400,000 33,900, 


Estimated. Preliminary. "Revised. -- Zero. v g 
iWorld totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


2 i ilable through July 26, 2012. 
Table includes data ауапа | : ЧУ 
?In addition to the countries listed, China, Morocco, and Suriname may also have produced kaolin, but information is inadequate to make 


reliable estimates of output levels. 
‘Data for year ending June 30 of that stated. 


5 
Reported figure. | 
ondes crude and washed kaolin and refractory clays not further described. 


7 А 
Dry weight. 
8k aolin sold or used by producers. 
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CoBALT 


By Kim B. Shedd 


Domestic survey data and tables were prepared by Annie Hwang, statistical assistant, and the world production tables were 
prepared by Lisa D. Miller and Glenn J. Wallace, international data coordinators. 


In 2011, world production of refined cobalt increased by 
3% to a record quantity of more than 82,000 metric tons (t). 
The increase was the result of increases in production from 
most countries. The United States did not refine cobalt in 
2011. A negligible amount of byproduct cobalt was produced 
in an intermediate product from the mining and refining of 
platinum-group metal (PGM) ore. No cobalt was sold from 
the National Defense Stockpile (NDS) in 2010 or 2011. Prior 
to 2010, the NDS had sold cobalt every year since cobalt sales 
began in 1993, 


According to the Cobalt Development Institute (2012a), world 


apparent consumption of cobalt increased by about 15% to 
approximately 75,000 t, as compared with that of 2010. Based 
on the Institute’s statistics, apparent consumption increased in 
Asia, Europe, and the United States. In 2011, actual Chinese 
consumption increased from that of 2010. In addition, some of 
China’s apparent consumption was the result of additions to a 
stockpile of 20,000 to 30,000 t of contained cobalt that had been 
accumulating since 2008 (Kotseras, 2012, p. 15; Xu, 2012, 

Р. 10). Cobalt prices trended downward in 2011. Salient U.S. 
and world cobalt statistics for 2007-11 are listed in table 1. 

| Cobalt is а metal used in numerous diverse commercial, 
industrial, and military applications, many of which are 
considered strategic and critical. On a global basis, the leading 
use of cobalt is in rechargeable battery electrodes. Superalloys, 
which are used to make parts for gas turbine engines, are 
another major use for cobalt. Cobalt is also used to make 
catalysts for the petroleum and chemical industries; cemented 
carbides (also called hardmetals) and diamond tools; corrosion- 
and wear-resistant alloys; drying agents for inks, paints, and 
varnishes; dyes and pigments; ground coats for porcelain 
enamels; high-speed steels; magnetic recording media; magnets; 
and rubber adhesion promotors for steel-belted radial tires. 


Legislation and Government Programs 


DLA Strategic Materials (DLA), U.S. Department of Defense, 
э not sell cobalt during 2011 (table 2). Sales of cobalt had 
сеп curtailed in fiscal year 2008 in order to hold an inventory 
80а] quantity equivalent to one year’s Annual Materials Plan 
s amount. The AMP amount for fiscal year 2011 
{е | 1, 2010, through September 30, 2011) was 301 t 
m k pounds), which was equal to the total uncommitted 
T held by DLA since March 31, 2010. The 2011 
и : АЕА оп Stockpile Requirements listed cobalt as a 
Е at was not required in the NDS (U.S. Department of 
efense, 2009, p. 1-2; 2012, р. 6, 57—58). 
2 US. Department of Energy released an update to its 
in n critical materials used in clean energy technologies. 
for el 5 Included In the strategy because of its use in batteries 
ectric vehicles, cobalt was identified as “not critical” in 
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terms of risk of supply disruption in the short (0—5 years) or 
medium (5—15 years) term, owing to a forecast of significant 
increases in global production capacity (U.S. Department of 
Energy, 2011, p. 94, 116). 


Production 


With the exception of negligible amounts of byproduct cobalt 
produced from Stillwater Mining Co.’s PGM operation in 
southeastern Montana, the United States did not mine or refine 
cobalt in 2011. Cobalt-bearing nickel sulfate produced from 
Stillwater’s mining and refining operations was sold to various 
companies (Stillwater Mining Co., 2012, p. 20). 

Formation Metals Inc. continued to work on financing and 
constructing its Idaho Cobalt Project. The project entailed an 
underground cobalt-copper-gold mine and mill complex in the 
Idaho Cobalt Belt in Lemhi County and a retrofitted Big Creek 
hydrometallurgical complex near Kellogg, ID, to refine the 
concentrates (table 8) (Formation Metals Inc., 2012, р. 2-9). 

Kennecott Minerals Co., a fully owned subsidiary of Rio 
Tinto (Melbourne, Australia, and London, United Kingdom), 
continued construction activities at its Eagle project in Michigan 
and began underground development in September. The small 
nickel-copper mine in the Eagle deposit in the Yellow Dog 
Plains area northwest of Marquette and rehabilitated mill in 
Humboldt Township was expected to be in production for 6 
years (table 8) (Kennecott Eagle Minerals Co., 2012, p. 1, 10). 

The Minnesota Department of Natural Resources, U.S. 
Army Corps of Engineers, and U.S. Forest Service worked on 
preparing a supplemental draft environmental impact statement 
for PolyMet Mining Corp.’s NorthMet project. The project 
entailed open pit mining of the NorthMet polymetallic deposit 
in the Duluth Complex of northeastern Minnesota, refurbishing 
the crushing and grinding equipment in the company’s 
nearby Erie plant, and adding a new beneficiation circuit and 
hydrometallurgical plant (table 8). PolyMet and Swiss trading 
firm Glencore International AG had a strategic partnership 
whereby Glencore was investing in Polymet and would purchase 
or market NorthMet’s products (PolyMet Mining Corp., 2012, 
р. 11-13). 

U.S. processors made cobalt chemicals and cobalt metal 
powder from refined cobalt materials and (or) cobalt-bearing 
scrap. U.S. Geological Survey (USGS) data on chemical and 
metal powder production, shipments, and stocks were derived 
from a monthly voluntary survey of U.S. cobalt processors. 
Information from this survey was used to prepare the statistics 
on cobalt consumption and stocks in table 3. The sole producer 
of cobalt metal powder, Global Tungsten & Powders Corp. of 
Towanda, PA, produced the cobalt as a byproduct of tungsten 
recovered from cemented carbide scrap. U.S. production 
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and shipments of cobalt metal powder are withheld to avoid 
disclosing company proprietary data. 


Consumption 


U.S. reported consumption of cobalt in 2011 was 13% more 
than that of 2010. Metallurgical industries used 18% more 
cobalt than they did in 2010; cobalt consumption for chemical 
uses was slightly higher. Reported consumption was derived by 
the USGS from voluntary surveys of U.S. operations. Most of 
the data on cobalt chemical uses were obtained from the cobalt 
processors survey. A second survey covered a broad range 
of metal-consuming companies, such as cemented carbide, 
magnetic alloy, and superalloy producers. For this survey, more 
than 60 cobalt consumers were canvassed on a monthly or 
annual basis. Reported consumption and stocks data in tables 1 
and 3 contain estimates to account for nonrespondents. 

U.S. apparent consumption for 2011, as calculated from net 
imports, consumption from purchased scrap, and changes in 
Government and industry stocks, was 10% lower than that 
of 2010 (table 1). The decrease was primarily because net 
imports in 2011 were lower than those of 2010. The discrepancy 
between the trend in reported consumption (an increase from 
that of 2010) and the trend in apparent consumption (a decrease 
from that of 2010), may have been the result of unreported stock 


drawdowns. 


Prices 


The annual average U.S. spot price for cathode (minimum 
of 99.8% cobalt), as reported by Platts Metals Week, was 14% 
lower than that of 2010 (table 1). Although the price fluctuated 
during the year, the overall trend was downward. The highest 
price was $21.50 to $23.00 per pound during the second half of 
February, and the lowest price was $13.75 to $14.75 per pound 
in mid-December. 
n dst Platts’ prices for Zambian cobalt (minimum 99.676 
cobalt) and Russian cobalt (minimum 99.3% cobalt) were 
similar to those for U.5. spot cathode. The annual average of 
weekly prices for Zambian cobalt was $16.34 per pound, and the 
annual average of weekly prices for Russian cobalt was $17.17 
per pound. 

In 2011, cobalt brands from two more producers were 
approved for delivery on the London Metal Exchange (LME) 
cobalt futures contract, bringing the total number of cobalt 

roducers accepted by the LME to 13. Yearend LME inventory 
eee are listed in table | (London Metal Exchange Ltd., The, 
gc services companies such as Credit Suisse Group 


d Standard Bank offered financial products based on cobalt, 
an 


including hedging and speculation products and option and swap 
in | 


contracts (Southgate, 2010). 


Foreign Trade 


f apparent consumption 
, eliance as a percentage о | c 
ae igen the adequacy of current domestic production 
-— P demand. Net import reliance was defined as 
E E inus exports plus adjustments for Government 
Imp E pe stock changes. Releases from stocks, including 
and indus 
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shipments from the NDS, were counted as part of import 
reliance, regardless of whether they were originally imported or 
produced in the United States. In 2011, net import reliance as 

a percentage of apparent consumption was 76%. Because there 
was no measurable U.S. primary cobalt production in 2011, this 
indicates that 76% of U.S. cobalt supply was from imports and 
Stock releases of primary cobalt and 2496 was from domestic or 
imported scrap. 

In 2011, the United States imported 4% less cobalt than it 
did in 2010 (tables 4, 5). Ten countries supplied 88% of U.S. 
imports. China was the leading supplier, followed by Norway, 
Canada, Zambia, Russia, Finland, Australia, Belgium, Brazil, 
and the United Kingdom. 

The United States imported 754 t, gross weight, of unwrought 
cobalt alloys valued at $27.3 million. Most of these materials 
were from Canada (79%) and the United Kingdom (12%). The 
United States imported 730 t, gross weight, of cobalt waste and 
scrap valued at $12.1 million. Eight countries supplied nearly 
90% of this material—Japan (24%), Ireland (23%), the United 
Kingdom (20%), Germany (10%), France (5%), Tunisia (3%), 
and Austria and Netherlands (296 each). The United States also 
imported 247 t, gross weight, of wrought cobalt and cobalt 
articles valued at $27.0 million. The leading suppliers of these 
materials were the United Kingdom (41%), Germany (17%), 
France (16%), Canada (15%), and China (6%). 

U.S. exports of unwrought cobalt and cobalt contained in 
chemicals increased by 29% compared with those of 2010. As 
listed in table 6, the leading destinations for these exports were 
France, Canada, Ireland, China, Germany, the United Kingdom, 
Belgium, and Japan. The United States also exported 1,360 t, 
gross weight, of wrought metal and cobalt articles valued at 
$81.8 million. 


World Review 


Cobalt was produced as a byproduct of copper, nickel, 
and other metals, and as a primary product. Primary cobalt 
production included Moroccan mine and refinery production, 
the artisanal mining of the mineral heterogenite in Congo 
(Kinshasa), and the recovery of cobalt from previously 
stockpiled intermediate materials [for example, slags in Congo 
(Kinshasa)], which were processed primarily to recover cobalt. 

Refinery capacity by country is listed in table 7. The table ; 
does not include plants that processed refined cobalt, plants tha 
used secondary materials (scrap) as their main source of feed, 
or plants that produced a cobalt product that required further 
refining. | 

The following review by country focuses on operations 
that produced cobalt in 2011. Expansions to those LA | 
operation restarts, and greenfield projects that were Ѓогесаз, 0 
begin producing between 2012 and 2016 are listed in table | 

Australia. —Тће Yabulu nickel-cobalt тећпегу in Townsville, 
Queensland (owned by Australian businessman Clive dep | 
and operated by Queensland Nickel Pty Ltd.), produced 2, ee 
of refined cobalt as cobalt oxide hydroxide; 23% more than 
2,141 t produced in 2010. The refinery processed lateritic e 
imported from Indonesia, New Caledonia, and the Philipp! , 
and reportedly began to process nickel-cobalt hydroxide " 
from Vale S.A.'s New Caledonia operation in 2011 (Cob 
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Development Institute, 2012а; Darton Commodities Ltd., 2012, 
p. 12). 
BHP Billiton’s Nickel West operations in Western Australia 
comprised nickel sulfide mines; concentrators, which processed 
ores mined by BHP Billiton and those from other companies; 
the Kalgoorlie smelter, where nickel matte was produced; 
and the Kwinana nickel refinery, which produced cobalt in 
intermediate nickel-cobalt mixed sulfide. In 2011, an estimated 
500 t of cobalt contained in mixed sulfide was shipped to 
Jinchuan Group Ltd. for refining (Darton Commodities Ltd., 
2012, p. 12). 
Glencore acquired Minara Resources Ltd., giving it 100% 
interest in the Murrin Murrin nickel-cobalt laterite mining 
and pressure-acid leaching operation near Leonora, Western 
Australia. Murrin Murrin produced 2,091 t of cobalt as metal 
powder and briquettes, 6% more than the 1,976 t produced in 
2010. The increase was in spite of production shortfalls owing 
to maintenance and weather issues. In addition to feed from its 
own operations, Murrin Murrin also processed ore from third 
party sources (Cobalt Development Institute, 2012a; Glencore 
International plc, 2012, p. 53, 57). 
First Quantum Minerals Ltd. brought the Ravensthorpe 
operation into commercial production. The company acquired 
the nickel-cobalt laterite mine and hydrometallurgical 
processing plant in early 2010 and spent about a year modifying 
the operation. During 2011, the plant produced intermediate 
nickel-cobalt hydroxide containing 5,666 t of nickel and an 
estimated 200 t of cobalt (First Quantum Minerals Ltd., 2012, 
p. 11, 25, 28). 
OJ SC MMC Norilsk Nickel restarted production from the 
Maggie Hays nickel sulfide mine and Lake Johnston mill in 
Western Australia. Nickel concentrates from the mill were sent 
to Harjavalta in Finland for processing (OJSC MMC Norilsk 
Nickel, 2012, p.15, 17). 
Panoramic Resources Ltd. produced concentrates containing 
453 t of cobalt (364 t in 201 0) from its Savannah underground 
nickel-copper sulfide mine operation in Western Australia. The 
Concentrates were shipped to Jinchuan’s operations in China 
under a long-term offtake agreement (Panoramic Resources 
Ltd., 2011, p. 6; 2012, p. 6). 
Xstrata Nickel Australasia produced 396 t of cobalt in nickel 
Sulfide concentrates from the Cosmos and Sinclair operations 
in Western Australia, compared with 245 t in 2010. All of the 
concentrates were sent to Xstrata Nickel’s Sudbury smelter in 
Ontario, Canada (Xstrata plc, 2012). 
Belgium.—According to the Cobalt Development Institute 
eee Umicore's 2011 cobalt refinery production increased to 
; 87 t from 2,600 t produced in 2010. The company attributed 
the increase to greater availability of scrap resulting from 
an increased level of industrial activity. Umicore converted 
Various cobalt materials into a wide range of chemicals and 
metal powders, Umicore’s cobalt refining took place at plants 
Ш Olen, Belgium, and Ganzhou, China. The company’s cobalt 
Processing plants were in Arab, AL, in the United States; 
Bruges, Belgium; Fort Saskatchewan, Alberta, Canada; 
x emet and Shanghai, China; and Cheonan, Republic of 

Orea, During the year, Umicore expanded its South Korean 
Plant, commissioned a new plant for the production of a lithium- 
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nickel-manganese-cobalt material for rechargeable batteries in 
Kobe, Japan, and commissioned an ultra high temperature pilot 
plant in Hoboken, Belgium, for recycling spent rechargeable 
batteries (n.v. Umicore, s.a., 2012, p. 33, 36, 49). 

Botswana.—Tati Nickel Mining Co. Pty. Ltd. (a Norilsk 
subsidiary) mined the Phoenix open pit and produced 
nickel-copper sulfide concentrates, which were toll-smelted by 
BCL Ltd. in Botswana. BCL also smelted concentrate from its 
Selebi-Phikwe operation in Botswana. Matte produced by BCL 
was refined by RioZim Ltd. in Zimbabwe and Xstrata Nickel in 
Norway. 

Brazil.—In 2011, Votorantim increased the cobalt production 
capacity at its Sao Miguel Paulista, Sao Paulo State, refinery by 
300 t. Feed for the refinery was lateritic nickel-cobalt ore mined 
from Niquelandia, Goias State and nickel sulfide concentrate 
from Mirabela Nickel Ltd. Votorantim also produced nickel 
matte, primarily from sulfide ores mined and smelted at 
Fortaleza de Minas, Minas Gerais State (Votorantim Metais SA, 
2011). 

Mirabela Nickel continued to ramp-up production from 
its Santa Rita open pit nickel sulfide mine and concentrator 
in Bahia State, and by yearend produced 273 t of cobalt in 
concentrate (179 t in 2010). All concentrate produced at Santa 
Rita was committed through offtake agreements to Votorantim 
(50%) and Norilsk (50%) (Mirabela Nickel Ltd., 2012). 

Canada.—Vale produced 2,675 t of cobalt in 201 1, 151% 
more than the 1,066 t produced in 2010, when labor strikes at 
its operations in Sudbury and Voisey’s Bay resulted in reduced 
production. Vale reported production in the form of cathode, 
1,469 t, from its Port Colborne, Ontario, refinery; cobalt hydrate 
594 t, from its Thompson, Manitoba, refinery; and cobalt 
contained in unrefined products such as nickel concentrates 
611 t, from its New Caledonian operation and external ey 
Vale’s cobalt originated from nickel sulfide ores from company 
mines at Sudbury, Ontario; Thompson, Manitoba; Voisey’s 
Bay in northeastern Labrador; nickel laterite ores from New 
Caledonia; and purchased feedstocks. Vale reported the 
following distribution of sources for its cobalt production: 
Ontario, 593 t (302 t in 2010); Manitoba, 158 t (189 t in 2010); 

Voisey's Bay, 1,585 t (524 t in 2010); New Caledonia, 245 t | 
(zero іп 2010); and external sources, 93 t (51 t in 2010). 
Concentrates from Voisey’s Bay are being smelted and refined 
at Sudbury and Thompson until the Long-Harbour refinery is 
operational (table 8). Vale planned to phase out Smelting and 
refining at Thompson by 2015 (Vale S.A., 2012, р. 34-35 
42—43). 
Xstrata Nickel produced 473 t of cobalt in concentrates 
from mines at Sudbury (341 t in 2010) and 561 + of cobalt in 
concentrate from its Raglan Mine in Quebec (567 t in 2010) 
Nickel-copper matte containing 2,209 t of cobalt was produced 
at the company’s Sudbury smelter (2,634 t in 2010); this was 
refined at Xstrata’s Nikkelverk refinery in Norway. Some of th 
cobalt in the matte originated from ores produced at compan : 
mines in Australia and Canada and some originated from Е. 
feed materials, which were primarily nickel concentrates and ü 
nickel-copper-cobalt secondary materials (scrap). Custom feed 
from mining operations included nickel sulfide ores containin 
approximately 40 t of cobalt from URSA Major Minerals E 
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Inc.’s Shakespeare Mine in Ontario, nickel sulfide ore Кот 
First Nickel Inc.’s Lockerby Mine in Sudbury, nickel sulfide 
concentrates produced by CaNickel Mining Ltd.’s Bucko Lake 
nickel mine in the Thompson Nickel Belt of Manitoba and 
Liberty Mines Inc. in Ontatio, and a copper-nickel-PGM-gold 
concentrate containing approximately 9 t of cobalt from North 
American Palladium Ltd.'s Lac des Iles Mine in Northern 
Ontario (North American Palladium Ltd., 2012, p. 15; URSA 
Major Minerals Inc., 2012, p. 5; Xstrata plc, 2012). 

The Fort Saskatchewan refinery of the joint venture of Sherritt 
International Corp. and General Nickel Co. S.A. produced 
a record 3,854 t of cobalt as metal powder and briquettes in 
2011, 4% more than the 3,706 t produced in 2010. Nearly 99% 
of the cobalt was from nickel-cobalt mixed sulfides from the 
joint venture's operations at Moa Bay, Cuba; the remainder 
was from purchased feed materials. During the year, the 
joint-venture partners continued to review alternative strategies 
for completing the phase 2 expansion of the refinery, which was 
suspended in 2008. As a result of a United States embargo on 
imports of products originating from Cuba, cobalt and nickel 
produced by Sherritt cannot be sold to customers in the United 
States (Sherritt International Corp., 2012, p. 7, 13). 

First Nickel restarted operations at its Lockerby Mine. Liberty 
Mines placed its Redstone and McWatters nickel sulfide mines 
near Timmins, Ontario, on care-and-maintenance status, while 
it addressed maintenance requirements at the Redstone Mill 
and issues with the tailings pond. Prior to shutdown, the mill 
produced concentrates containing 2 t of cobalt, which were 
shipped to Xstrata Nickel's smelter in Sudbury (Liberty Mines 
Inc., 2012, p. 1-8). 

China.—China was the world's leading producer of refined 
cobalt. In 2011, China's production decreased by about 3% 
to approximately 35,000 t. Only a small portion of this cobalt 
originated from domestic mines and recycled scrap. Most Was 
from imported ores, concentrates, and semirefined materials, 
the majority which was sourced from Congo (Kinshasa). 

CRU International Ltd. (Loridon, United Kingdom) estimated 

that China imported 34,100 t of cobalt contained in ores, 

concentrates, and semirefined materials in 2011, down 

from 35,300 t in 2010. China's imports of cobalt ores and 

concentrates were slightly lower than e of 2010 and its 

imports of semirefined materials were 6% lower. The decrease 
d imports was attributed to the availability of 


in production an | | 
large inventories of cobalt materials that had accumulated since 


2008 (CRU International Ltd., 2012, p. 7; Xu, 2012, 
p. 4, 10, 26). | а 
anies refined and (or) processed cobalt in 
Eon Tic E four refiners were J inchuan, Zhejiang Galico 
Cobalt & Nickel Material Co., Ltd., Zhejiang Huayou Cobalt 
:ckel Materials Co., Ltd., Zhejiang Galico Cobalt & Nickel 
a Co., Ltd., and Ganzhou Yi Hao Umicore Industries, 
— ding order of 2011 estimated cobalt production. 


‘cted i en 
listed x век cobalt as cathode and other products from 
ae at Jinchang, Gansu Province. Some of Jinchuan's 


its refi ин ic nickel-copper-cobalt 
was from domestic nic 
cobalt К and refined at Jinchang and some was from 


in | 
Sane nickel feeds. Jinchuan’s other feeds included 
other 


balt intermediates (chemical compounds), which were either 
coba 
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imported or produced in China from imported concentrates; 
nickel or nickel-copper concentrates from Australia, Finland, 
Spain, and Zambia; and nickel matte and mixed sulfides from 
BHP Billiton (CRU International Ltd., 2012, p. 4, 6; Darton 
Commodities Ltd., 2012, p. 12). 

Congo (Kinshasa).—Congo (Kinshasa) was the world’s 
leading producer of mined cobalt. Some of the country’s 
cobalt mine production was from copper-cobalt ores mined by 
traditional methods, and some was gathered by artisanal miners 
hand-picking cobalt-rich ores. Some of Congo (Kinshasa)’s 
ores and concentrates were exported, some were processed 
to semirefined materials such as cobalt carbonate, cobalt 
hydroxide, or cobalt-bearing alloys, and some were refined 
to cobalt metal. China was the leading destination for Congo 
(Kinshasa)’s cobalt exports. As discussed in the “China” section 
of this report, exports of cobalt materials to China decreased in 
2011 compared with those of 2010. 

La Générale des Carriéres et des Mines (Gécamines) produced 
650 t of refined cobalt, compared with 745 t produced in 2010 
(Cobalt Development Institute, 2012a). 

Kamoto Copper Company SARL [KCC, Katanga Mining 
Ltd., Gécamines, and La Société Immobiliére du Congo] 
produced 2,433 t of cobalt cathode (3,437 t in 2010). The 
company's Luilu refinery processed concentrates produced at 
its Kamoto concentrator from ore extracted from the Kamoto 
underground mine and KOV and T17 open pit mines. During 
the year, KCC completed the new phase 3 expansion of its _ 
operations, bringing Luilu's cobalt refining capacity to 8,000 
t/yr of cobalt, and worked on the phase 4 expansion (table 8). 
Glencore had an offtake agreement for all of KCC's copper and 
cobalt output; all of the company's copper oxide concentrate 
produced for sale was purchased by Mopani Copper Mines in 
Zambia (Katanga Mining Ltd., 2012, p. 6-10). 

Boss Mining Sprl [70% Eurasian Natural Resources Corp. 
PLC (ENRC) and 3096 Gécamines] mined copper-cobalt oxide 
ore from the Mukondo Mountain deposit and produced 9% more 
cobalt in concentrate than in 2010. By yearend, Boss Mining 
had commissioned the copper solvent extraction portion of its 
new cobalt solvent extraction-electrowinning (SX—EW) plant 
at Luita, but had suspended the cobalt extraction portion of 
the plant pending a review of its economic viability (Eurasian 
Natural Resources Corp. PLC, 2012, p. 33, 35). 

Compagnie Miniére du Sud Katanga [CMSK, a joint venture 
between L'Enterprise Générale Malta Forrest S.P.R.L.(EGME) 
and Gécamines] produced copper-cobalt concentrate from the 
Luiswishi Mine and Kipushi concentrator. During the year, 
EGMF’s plan to build a refinery to produce copper cathode and 
cobalt carbonate was interrupted when Gécamines disputed 
EGMF's share in CMSK (Metal Bulletin, 2011). Е 

The Big Hill smelter at Lubumbashi [operated as а joint 
venture between Gécamines, OM Group, Inc. (OMG), and S.A. 
Groupe George Forrest] processed stockpiled slag to а T 
alliage blanc, an alloy of cobalt and copper, which was refine 
ОМС’; Kokkola refinery. Р 

Freeport-McMoRan Copper & Gold Inc. (FCX) produce 
11,182 t of cobalt in hydroxide from its Tenke Fungurume 
operation, compared with 9,225 t in 2010. Tenke F Ша, 
between the towns of Kolwezi arid Likasi, comprised open р! 
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mining of copper-cobalt oxide ore, processing milled ore by 
agitation leaching, and SX—EW to produce copper cathode and 
cobalt hydroxide, which was sold under contract and on the 

spot market. In 2011, the milling facilities performed above 
rated capacity levels, and FCX approved a phase 2 expansion of 
the project (table 8) (Freeport-McMoRan Copper & Gold Inc., 
2012, р. 17, 24; Lundin Mining Corp., 2012a, p. 27; 2012b). 

Mutanda Mining SPRL (Glencore International AG, Groupe 
Bazano, and Rowny Assets Ltd.) completed phase I of its 
copper-cobalt hydrometallurgical plant, which had the capacity 
to produce 8,000 t/yr of cobalt in hydroxide, and worked on 
phase 2 and 3 expansions (table 8). In 2011, Mutanda mined 
copper-cobalt oxide ore from open pits near Kolwezi and 
produced 7,900 t of cobalt in concentrate and hydroxide, 11% 
less than the 8,900 t produced in 2010 (Glencore International 
plc, undated; 2012, p. 53, 55). 

Chemaf SPRL mined copper-cobalt oxide ores from the Etoile 
open pit mine, and processed run-of-mine ore, concentrates, and 
ore purchased from third parties at its SX-EW plant at Usoke in 
Lubumbashi. The plant produced 2,155 t of cobalt contained in 
carbonate, 2196 less than the 2,744 t produced in 2010 
(Metal Bulletin, 2012). 

Metorex Ltd.'s Ruashi operation north of Lubumbashi 
comprised mining copper-cobalt oxides ores from open pits 
and then milling and processing the ore in the Ruashi phase 2 
SX-EW refinery. In 2011, production of cobalt in carbonate and 
hydroxide increased to 3,678 t from 3,580 t in 2010. Gécamines 
had a 25% interest in the Ruashi operation. By early 2012, 
Jinchuan had completed a takeover of Metorex (Metorex Ltd., 
2012, p. 3, 22-24, 55). 

Société Miniére du Katanga sprl (Somika) mined and 
beneficiated copper-cobalt ore, and refined the concentrate at its 
hydrometallurgical copper refinery in Lubumbashi. The refinery 
had the capacity to produce 2,160 t/yr of cobalt hydroxide 
(Société Miniére du Katanga sprl, undated). 

Cuba.—Moa Nickel S.A. (part of the 50—50 joint venture 
between Sherritt and General Nickel) mined nickel-cobalt 
laterites at Moa Bay, Holguin Province, and produced 
mixed sulfides, which were sent to the joint venture’s Fort 
Saskatchewan refinery in Canada. In 2011, the mixed sulfides 
contained a record 38,641 t of nickel and cobalt, slightly more 
than the 37,745 t produced in 2010. The increase in production 
Was attributed to continuous improvement in efficiency at the 
Moa plant. During the year, the joint-venture partners continued 
to review alternative strategies for the completion of the phase 2 
expansion of the plant, which was suspended in 2008 
(Sherritt International Corp., 2012, p. 12-13). 

Grupo Empresarial Cubaníquel S.A.’s Ernesto Che Guevara 
and Rene Ramos Latour Mining and Metallurgical Combines 
also mined and processed nickel-cobalt laterites in Holguin 
Province. Nickel and cobalt of Cuban origin cannot be imported 
into the United States because of a United States embargo on 
Imports from Cuba. 

Finland.—OMG’s production of refined cobalt, as metal 
ao briquettes, oxides, and compounds, was 11% higher 

an that of 2010. The company’s Kokkola Chemicals Oy 
refinery processed raw materials sourced primarily from Congo 
(Kinshasa), Finland, and Russia. Most of the feed was alliage 
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blanc from the Big Hill smelter in Congo (Kinshasa), crude 
cobalt hydroxide from Norilsk’s Monchegorsk nickel refinery 
in Russia, and cobalt sulfate solution from Norilsk’s Harjavalta 
nickel refinery in Finland. OMG also refined materials from 
other sources (OM Group, Inc., 2012, p. 5, 14). 

Talvivaara Mining Co. Plc continued to ramp-up and 
optimize production from its polymetallic sulfide mine and 
bioheap-leaching operation in Sotkamo in central Finland. 
During the year, technical issues and a shortage of spare parts 
kept Talvivaara from meeting its original production targets. 

In 2011, Talvivaara sold nickel-cobalt sulfide containing 
approximately 400 t of cobalt to Norilsk for processing at 
Harjavalta (Talvivaara Mining Co. Plc, 2012, p. 18, 61-62, 82). 

Belvedere Resources Ltd. produced an estimated 85 t of 
cobalt in nickel-copper concentrates from the Hitura Mine. The 
concentrates were sold to Jinchuan (Belvedere Resources Ltd., 
2012, p. 2, 7). 

France.—The Eramet Group’s production of cobalt 
chloride from its refinery at Sandouville was 17% more than 
that produced in 2010. Feed for the refinery was nickel matte 
imported from Eramet subsidiary Le Nickel SLN’s Doniambo 
smelter in New Caledonia (Cobalt Development Institute, 
2012а). 

India.—According to an estimate by the Cobalt Development 
Institute (2012a), India’s cobalt production increased by 9% 
from that of 2010. Nicomet Industries Ltd. and Rubamin Ltd. 
were India’s leading cobalt producers. 

Indonesia.—PT Vale Indonesia Tbk [formerly PT 
International Nickel Indonesia Tbk (PT Inco)] produced 
cobalt-bearing nickel matte from lateritic ores at its integrated 
mining and smelting operation near Sorowako on Sulawesi 
Island. Vale Indonesia sold its matte production to Vale (80%) 
and Sumitomo Metal Mining Co., Ltd. (20%) under long-term 
contracts, 

PT Antam Tbk exported lateritic nickel-cobalt ore to 
Queensland Nickel’s Yabulu refinery for processing 
(CRU International Ltd., 2012, p. 4). 

Japan.—Sumitomo’s production of electrolytic cobalt at its 
Niihama nickel refinery increased by 4% from that of 2010 
The refinery processed nickel-cobalt mixed sulfide feed from 
the Coral Bay Nickel Corp. plant in the Philippines and nickel 
matte from PT Inco in Indonesia and BHP Billiton's Nickel 
West operations. Sumitomo planned to increase Niihama's 
production capacity to accommodate the nickel-cobalt mixed 
sulfide feed that would be generated from its Taganito project in 

the Philippines (table 8) (Cobalt Development Institute 2012a; 
CRU International Ltd., 2012, p. 4). | | 

Morocco.—Cie. де Tifnout Tighanimine [СТТ, а subsidi 
of Groupe Managem (Casablanca)] mined cobalt arsenide md 
and produced cobalt hydroxide at Bou-azzer. The hydroxide w 
refined to cobalt cathode at CTT's Guemassa hydrometallur cai 
refinery north of Marrakech. In 2011, CTT’s refined cobalt m 
production increased as a result of an increase in ore grade and 
recovery rate (Groupe Managem, 2012, p. 44, 61). 

New Caledonia.— Vale ramped up production at its Vale Ne 
Caledonia project in the southern tip of New Caledonia's mai P 
island. The project comprised a nickel-cobalt laterite mine n 
pressure acid leaching processing plant, and refinery. In 20 11 е 
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Vale produced 245 t of cobalt in an intermediate nickel-cobalt 
hydroxide cake, which was sold to other companies for refining. 
Vale expected to ramp-up production during a 4-year period to 
reach the nominal production capacity of 60,000 t/yr of nickel 
contained in nickel oxide and 4,600 t/yr of cobalt contained in 
cobalt carbonate (Vale S.A., 2012, p. 36, 43). 

Lateritic nickel-cobalt ore was exported to Queensland 
Nickel’s Yabulu refinery for processing. Nickel matte from Le 
Nickel SLN’s Doniambo smelter was sent to Eramet’s refinery 
in Sandouville, France, where nickel products and cobalt 
chloride were produced. 

Norway.—Xstrata Nickel’s production of cobalt cathode at its 
Nikkelverk refinery was 4% less than that of 2010. The cobalt 
originated from Xstrata Nickel mines in Australia and Canada, 
recycled materials, and custom feeds, which included matte 
from Botswana processed under a long-term agreement with 
BCL. Glencore was the sole distributor of Xstrata’s cobalt 
(CRU International Ltd., 2012, p. 4; Xstrata plc, 2012). 

Philippines.—Coral Bay Nickel (a joint venture between 
Sumitomo, Mitsui & Co., Ltd., Sojitz Corp., and Rio Tuba 
Nickel Mining Corp., listed in order of share) produced 
nickel-cobalt mixed sulfide from its high-pressure acid-leaching 
operation at the Rio Tuba nickel laterite mine on Palawan 
Island. The mixed sulfide was refined by Sumitomo in Japan. 

Russia.—Norilsk conducted nickel-copper sulfide mining, 
ore beneficiation, concentrate smelting, and metal refining on 
the Taimyr and Kola Peninsulas. Cobalt from ores mined on 
the Taimyr Peninsula was refined to metal, in the form of ingot, 
at the company’s nickel plant at Norilsk. According to the 
Cobalt Development Institute (2012a), the company produced 
2,337 t of refined cobalt, 5% less than the 2,460 t produced in 
2010. At Norilsk’s nickel refinery at Monchegorsk on the Kola 
Peninsula, high-grade matte produced from both regions was 
refined. The intermediate cobalt hydroxide produced from the 
matte was sent to OMG’s operations in Finland under a 5-year 
supply agreement that began in 2007. Under this agreement, 
Norilsk was to supply OMG with up to 2,500 t/yr cobalt metal, 
up to 2,500 Џуг of cobalt contained in cobalt hydroxide, and 
up to 1,500 t/yr of cobalt contained in cobalt sulfate solution. 
In 2011, Norilsk announced plans to produce cobalt cathode at 
‘ts Monchegorsk refinery (table 8) and Nadezhda Metallurgical 
Plant (OJSC MMC Norilsk Nickel, 2011a, p. 23; 2011b; 2012, 
p. 180). bot Wr 

South Africa.—The Nkomati nickel sulfide mine (a joint 
venture of African Rainbow Minerals Ltd. and Norilsk) | 
produced 513 t of cobalt in nickel concentrate in 2011 (667 tin 
2010). The concentrate was processed at Norilsk's Harjavata 
refinery in F inland. The Nkomati mine was undergoing an 
expansion, which was forecast to produce 1,000 Џуг of cobalt 
їп concentrates once at full steady state production in 2014 

African Rainbow Minerals Ltd., 2012a, p. 20-21; b, p. 63-64; 
undated; OJSC MMC Norilsk Nickel, 2012, p. 39). 

Cobalt was also produced as a byproduct from some of South 
Africa’s PGM operations. Two companies produced refined 
cobalt. Rustenburg Base Metals Refiners (Proprietary) Ltd. (a 

lo American plc) produced cobalt sulfate at 


idiary of Ang 
"n refinery near Rustenburg, Northwest Province. 
i У 


In 2011 Rustenburg completed an expansion of the refinery’s 
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nickel capacity, which was expected to result in an estimated 
increase in cobalt capacity to 825 t/yr. Impala Platinum Ltd. 
produced cobalt metal powder at its base-metals refinery near 
Springs, Gauteng Province. Some of the cobalt produced 

by Impala was recovered from concentrates produced at the 
Mimosa platinum mine in Zimbabwe. Two other platinum 
producers—Lonmin plc and Northam Platinum Ltd.—operated 
base-metal refineries and produced semirefined nickel sulfate 
containing cobalt. 

Spain.—Lundin Mining Corp. restarted mining nickel sulfide 
ore from its Aguablanca open pit in Badajoz Province in August; 
the processing plant was expected to restart operations in 2012 
(Lundin Mining Corp., 201 2a, p. 21). 

Uganda.—Kasese Cobalt Co. Ltd. produced cobalt 
cathode from stockpiled pyrite concentrates using a bacterial 
leaching-SX-EW process at its cobalt refinery in southwestern 
Uganda. At current production rates, the stockpile was expected 
to be exhausted in late 2013 (MFC Industrial Ltd., 2012). 

Zambia.—Mopani Copper Mines produced approximately 
900 t of cobalt metal at its Nkana cobalt refinery, compared 
with 1,092 t in 2010. The decrease was attributed to lower 
cobalt grades in the concentrates processed, a realignment of 
the Nkana concentrator to maximize copper production, and 
the cobalt roaster being placed on care-and-maintenance status. 
Approximately 67% of the cobalt produced originated from 
company sources, mainly the Nkana underground copper-cobalt 
mine; the remaining 33% originated from third party sources 
(Glencore International plc, 2012, p. 53, 56). 

Chambishi Metals plc (90% ENRC and 10% ZCCM 
Investments Holdings Plc) produced 4,856 t of cobalt metal at 
its Chambishi refinery, 2396 more than the 3,934 t produced 
in 2010. The refinery processed copper-cobalt sulfide 
concentrate from ENRC's operations in Congo (Kinshasa) and 
cobalt-containing materials from other companies (Eurasian 
Natural Resources Corp. PLC, 2011, p. 16; Cobalt Development 
Institute, 20122). 

Konkola Copper Mines Plc (KCM) mined copper ores from 
its Nchanga and Konkola operations. Cobalt in concentrate, 
mainly from the Nchanga open pit, was processed to a copper- 
iron-cobalt alloy at the company's Nchanga copper smelter in 
Chingola. KCM was adding a second cobalt recovery furnace to 
the smelter (table 8) (Vedanta Resources plc, 2012). 

China Nonferrous Metal Mining Group Co. Ltd. (CNMC) 
mined and processed copper-cobalt ore in the Zambian 
Copperbelt through four majority-owned subsidiaries—NFC 
Africa Mining Plc. (NFCA), CNMC Luanshya Copper 
Mines Plc. (CLM), Chambishi Copper Smelter Ltd. (СС5), 
and Sino-Metal Leach Zambia Ltd. CCS smelted copper 
concentrates from NFCA, CLM, and other miners CNMC 
planned to recover cobalt from the CCS's smelter slag (table 8) 
and worked toward producing a cobalt concentrate from CL i 
Baluba beneficiation plant (China Nonferrous Metal Mining 
Group Со. Ltd., 2012, p. 2-3, 150, 172). | 

Equinox Minerals Ltd. and its Lumwana copper mine es 
acquired by Barrick Gold Corp. Concentrates from ee 
were sold to CNMC’s CCS and KCM’s Nchanga smelter ii 
processing (Equinox Minerals Ltd., 2009; China Nonferrou 
Metal Mining Group Co. Ltd., 2012, p. 45). 


—2011 
U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK 


estat 
mun Lit 
үш 
duced 
ved ate 
latinum 


| орет 
kel sulle 


ске satik 
(e n Ay 


ons inl? 


Metorex sold its Sable Zinc copper electrowinning plant near 
Kabwe to a subsidiary of Glencore. During the first six months 
of 2011, the plant produced 4 t of cobalt in carbonate. The low 
cobalt production levels in recent years were attributed to the 
low cobalt grades of the Zambian copper concentrates processed 
by the plant (Metorex Ltd., 2011, p. 7, 15). 

Production from Albidon Ltd.’s Munali nickel mine in 
southern Zambia was less than planned, primarily owing to 
a geotechnical anomaly that resulted in higher than expected 
levels of ore dilution. Albidon temporarily suspended operations 
in November and placed the mine on care-and-maintenance 
status. Majority shareholder Jinchuan was to provide funding 
while Albidon sought a strategic investor (Albidon Ltd., 2012). 

Zimbabwe,—Aquarius Platinum Ltd. produced 86 t of cobalt 
from its Mimosa platinum mine (79 t in 2010). The concentrates 
were refined by Impala in South Africa (Aquarius Platinum Ltd., 
2011, p. 13; 2012, p. 14). The Bindura Nickel Corp. (BNC) 
Shangani and Trojan nickel sulfide mines, smelter, and refinery 
remained on care-and-maintenance status while the company 
sought funding to restart operations. BNC refurbished part of the 
Trojan Mine and processing plant in preparation for restart and 
signed an offtake agreement with Glencore for the operation's 
nickel concentrates (Mwana Africa PLC, 2011, p. 4). 


Outlook 


| Trends in cobalt demand closely follow those of global 
industrial production. Increasing consumption to make 
rechargeable batteries and aircraft engines is forecast to result 
In yearly increases in cobalt consumption of between 696 and 
8% from 2012 to 2016. During the first half of 2012, the world 
production of refined cobalt was estimated to be 896 lower than 
that of the first half of 2011. China showed the largest decrease 
In production, and this was attributed to a reduction in global 
demand for cobalt. In the next few years, global increases in 
supply from existing producers and new projects are forecast 

to outpace increases in consumption. If an oversupply of cobalt 
Were to continue, cobalt prices would be expected to remain 
suppressed for the short to medium term (Cobalt Development 
Institute, 2012b; Kotseras, 2012, p. 5, 9—10, 17, 22, 24). 
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TABLE 1 


SALIENT COBALT STATISTICS' 
(Metric tons, cobalt content, unless otherwise specified) 
ý 2007 2008 2009 2010 2011 
United States: 
" Consumption: 
Reported 9,320 8,820 7,470 8,030 9,100 
Apparent 9,630 10,100 7,580 10,300 9,230 
i) Imports for consumption 10,300 10,700 7,680 11,100 10,600 
Exports 3,100 2,850 2,440 2,640 3,390 
Stocks, December 31: 
Industry 620 582 525 630 784 
{ London Metal Exchange (LME), U.S. warehouse XX XX Хх 23 43 
j U.S. Government” 676 473 293 301 301 
Price, metal 
| U.S. Spot* dollars per pound 30.55 39.01 17.86 20.85 17.99 
" LME, cash? do. XX XX XX XX 16.01 
| World: 
50 Production: 
Mine 73,700 * 79,1007 78,800‘ 106,000" 109,000 ° 
T _ кешу  — O 83,500: 57,5007 62,00* 79400" 82200 
an Stocks, December 31, МЕ хх XX X m č wm 
“Estimated. "Revised. do. Ditto. XX Not applicable. 
Ш "Data are rounded to no miore than three significant digits, except prices. 


Stocks held by cobalt processors and consumers. 

*Defense Logistics Agency, DLA Strategic Materials (formerly Defense Nationa! Stockpile Center). Data are 
ий uncommitted material only. 
“Annual average U.S. spot price for minimum 99.8% cobalt cathode reported by Platts Metals Week. 


*Annual average mean of the cash buyer price and cash seller and settlement price, minimum 99.3% cobalt 
briquettes, cathode, ingot, or rounds, converted from dollars per metric ton. 


*Stocks held in Asia, Europe, and the United States. 


f 
TABLE 2 
U.S. GOVERNMENT NATIONAL DEFENSE STOCKPILE 
SALES AND SHIPMENTS! 
ud 
(Metric tons, cobalt content) 
J—— Á"J—-—————— 
. 2010 2011 
Sales: 
Fiscal year? 6 = 
Calendar year -- == 
Shipments:’ 
Fiscal year? 3 — 
Calendar year 8 за 
-- Zero. 


"Рака are rounded to no more than three significant digits. 
?Twelve-month period ending September 30 of year stated. 
*Calculated from yearend inventory levels. Yearend data are 
uncommitted material only. Negative numbers are the result 
of inventory adjustments. 


Source: Defense Logistics Agency, DLA Strategic Materials 
(formerly Defense National Stockpile Center). 
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Metal” 8,750 8,750 $350,000 
Oxides and hydroxides 2,010 1,450 60,700 
Other forms: 
Acetates 301 72 2,720 
Carbonates 686 315 14,400 
Chlorides 311 78 2,580 
Sulfates 1,440 388 9,200 
Total 13,500 11,100 439,000 


TABLE 3 


` U.S. REPORTED CONSUMPTION AND STOCKS OF COBALT"? 


(Metric tons, cobalt content) 


2010 2011 
Consumption by end use: 
Steels 550 548 
Superalloys 3,740 4,650 
Alloys, excludes steels and superalloys: 
Magnetic alloys 357 313 
Other alloys? 364 438 
Cemented carbides‘ 696 773 
Chemical and ceramic uses 2,260 2,310 
Miscellaneous and unspecified 63 63 
Total 8,030 9,100 
Consumption by form: 
Chemical compounds, organic and inorganic” 2,180 2,220 
Metal 3,860 4,670 
Purchased scrap 2,000 2,210 
Total 8,030 9,100 
Stocks, December 31:° 
Chemical compounds, organic and inorganic” 173 202 
Metal W W 
Purchased scrap W W 
Total 630 784 


W Withheld to avoid disclosing company proprietary data; included in “Total.” 
'Data are rounded to no more than three significant di gits; may not add to totals shown. 


?Includes estimates. 


? Includes nonferrous alloys, welding materials, and wear-resistant alloys. 
^Includes diamond tool matrices, cemented and sintered carbides, and cast carbide dies 


or parts. 
“Includes oxides. 


$Stocks held by cobalt processors and consumers. 


TABLE 4 


U.S. IMPORTS FOR CONSUMPTION OF COBALT, BY FORM! 


2010 


Gross weight ^ Cobalt content? Value 
(metric tons) (metric tons) (thousands) 


а G паша a i —————Ó————— eS ынын Ш 


2011 


Gross weight Cobalt content? Value 
(metric tons) (metric tons) (thousands) 


8,020 8,020 $296,000 
2,590 1,870 61,200 
305 73 2,570 
649 298 12,400 
102 26 965 
1,140 307 9,360 
12,800 10,600 383,000 


Граја are rounded to no more than three significant digits; may not add to totals shown. 


Estimated from gross weights. 
3Unwrought cobalt, excluding alloys and waste and scrap. 


Source: U.S. Census Bureau. 
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TABLE 7 
WORLD ANNUAL COBALT REFINERY 
CAPACITY, DECEMBER 31, 2011"? 


(Metric tons, cobalt content) 


Country Capacity 
Australia 6,700 
Belgium 1,500 
Brazi — — — o 1,700 
Canada" 6,420 
China! 50,000 
Congo (Kinshasa) 12,000 
Finand . . | | | | O 11,000 
France 500 
India‘ 2,060 
Japan 2,000 
Morocco 2,000 
Norway 5,200 
Russia‘ 6,000 
South Africa? 1,000 
Uganda 720 
Zambia 8,800 

Total 118,000 
“Estimated. 


'Data are rounded to no more than three 
significant digits; may not add to total shown. 


"Includes standby capacity. Refinery products include 
cobalt metal, metal powders, oxides, and (or) salts. 
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ТАВГЕ 8 
COBALT: SELECTED PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, BY 2016"? 


Annual 


production 
capacity 
Projected (metric 
year of first Principal tons, cobalt 
production Country Project and com апу? Project type* metal Ore/feed type content) Cobalt product 
2012° Australia Mount Gunson MG 14 deposit new mine and copper _ copper-cobalt-silver 215 — Cobalt-copper 
Gunson Resources Ltd. beneficiation plant sulfide ore concentrate. 
20127 Botswana Dumps Tailings Retreatment new processing plant nickel ^ nickel-copper-cobalt NA NA. 
Bamangwato Concessions sulfide tailings and 
Ltd. (BCL) and Global smelter slag 
Initiatives Pty. Ltd. 
2012 Brazil Sao Miguel Paulista refinery expansion of existing do. nickel-cobalt matte 3,000 $ Cobalt cathode. 
Votorantim Metais Niquel SA refinery 
2012 Canada Nunavik Nickel new mine and do. nickel-copper-cobalt 425’ Nickel concentrate. 
Jien Canada Mining Ltd. and beneficiation plant platinum-group 
Goldbrook Ventures Inc. metals sulfide ore 
2012 Congo Fours de Production des new smelter copper _ copper-cobalt 480 Copper-cobalt alloy. 
(Kinshasa) Alliages concentrates 
La Miniére de Kalukundi 
[Groupe Managem and 
Congo Stars Mining Sarl 
(Costamin)] 
2012 Do. Kabolela South new mine do. copper-cobalt sulfide NA Copper-cobalt 
Boss Mining 5рп [Eurasian ore concentrate. 
Natural Resources Corp. 
PLC and La Générale des 
Carriéres et des Mines 
(Gécamines)] 
2012 Do. Luisha South DMS plant- new beneficiation do. stockpiled copper- 215 Do. 
stockpile plant cobalt oxide ore 
African Metals Corp. 
2012 Do. Luisha South DMS plant- new mine and relocated do. copper-cobalt oxide NA Do. 
hard rock beneficiation plant and sulfide ores 
African Metals Corp. 
2012 Do. Mutanda, phase 2 expansion of existing do. copper-cobalt oxide 18,000 $ Cobalt hydroxide. 
Mutanda Mining SPRL operation ore 
(Glencore International AG, 
Groupe Bazano, and Rowny 
Assets Ltd.) 
2012 Finland Kevitsa new mine and nickel ^ nickel-copper-cobalt 400 ® 7 Nickel-cobalt- 
First Quantum Minerals Ltd. beneficiation plant platinum-group platinum-group 
metals-gold sulfide metals concentrate. 
ore 
2012 рә. Outokumpu stage 1 new mine and copper — copper-zinc-cobalt- 940 ' оаа 
Altona Mining Ltd. (Vulcan refurbished nickel-gold sulfide concentrate. 
Resources Ltd. and beneficiation plant ore 
Universal Resources Ltd.) PL 
is НИЕТТЕРГЕ атт тратэтететуттта 
Talvivaara Mining Со. Plc. operation cobalt sulfide ore 
Sherritt International Corp., processing plant, ore and briquettes. 
Sumitomo Corp., Korea and refinery 


Resources Corp., and 


s SNC-Lavalin Group Inc. 
e 


€ footnotes at end of table. 
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TABLE 8—Continued » 
COBALT: SELECTED PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, ВУ 2016" 


и о 


production 
capacity 
Projected (metric 
year of first Principal tons, cobalt 
production Country Project and compan Project У metal Ore/feed type content) Cobalt product 
2012 PapuaNew Ramu new mine, beneficiation nickel ^ nickel-cobalt laterite 3,300 Nickel-cobalt 
Guinea Metallurgical Corporation of plant, and HPAL ore hydroxide. 
China Ltd., Jinchuan Group processing plant 
Ltd., Jilin Jien Nickel Industry 
Co., Ltd., Jiuquan Iron & 
Steel Group Co., Ltd., 
Highlands Pacific Ltd., and 
Mineral Resources 
2012 South Africa Jubilee Smelting and Refining adapt existing smelter — platinum- platinum-group NA  Nickel-copper-cobalt- 
(Middleburg) smelter to include ConRoast group metals iron-platinum-group 
Jubilee Platinum plc and Thos process metals- concentrates and metals alloy. 
Begbie Holdings Pty. Ltd. nickel sludge 
2012 Zambia Chambishi Metals new SX-EW cobalt copper NA 3,000 Cobalt cathode. 
Eurasian Natural Resources plant 
Corp. PLC 
2012 Do. New Nchanga smelter expansion of production do. copper-cobalt 5,000 Alliage rouge. 
Konkola Copper Mines Pic from existing smelter concentrates 
2013 Australia Barnes Hill new mine апі ATML nickel nickel-cobalt laterite 400° Nickel-cobalt 
Proto Resources & Investments processing plant ore intermediate. 
Ltd. and Metals Finance Ltd. 
2013 Do. Rocklands Group Copper new mine and copper —copper-cobalt-gold NA  Cobaltic-pyrite 
CuDeco Ltd. beneficiation plant oxide and sulfide concentrate. 
ore 
2013 Canada Raglan Mine expansion of existing nickel ^ nickel-copper-cobalt NA Nickel concentrate. 
Xstrata Nickel mine platinum-group 
metals sulfide ore 
2013 Do. Voisey’s Bay Long-Harbour new refinery do. nickel-copper-cobalt 2,500 Cobalt cathode. 
commercial nickel sulfide concentrate 
processing plant 
Vale S.A. 
2013-14 Congo Kakanda North new mine and copper  copper-cobalt oxide NA  Copper-cobalt 
(Kinshasa) Boss Mining Sprl [Eurasian beneficiation plant and sulfide ore concentrate. 
Natural Resources Corp. 
PLC and La Générale des 
Carriéres et des Mines 
(Gécamines)] 
2015 Do. Kolwezi tailings new refinery do. copper-cobalt 10,000 Cobalt hydroxide. 
Eurasian Natural Resources tailings 
Corp. PLC, Gertler Family 
Trust, La Générale des 
Carriéres et des Mines 
(Gécamines), and Government 
of Congo (Kinshasa 
2013 Do. nom. phase 3 expansion of existing do. copper-cobalt oxide 23,0005 Do. 
utanda Mining SPRL operation ore 
(Glencore International AG, 
Groupe Bazano, and Rowny 
Assets Ltd.) 
Boss Mining Sprl [Eurasian : 9s NA  Copper-coba 
Natural Resources Corp. concentrate. 
PLC and La Générale des 
Carriéres et des Mines 
(Gécamines)) 


See footnotes at end of table. 
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TABLE 8—Continued 
COBALT: SELECTED PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, BY 2016"? 


Annual 
production 
capacity 
Projected (metric 
year of first Principal tons, cobalt 
production Country Project and company? Project type“ metal Ore/feed type content) Cobalt product 
2013 Congo Pumpi (Project Cobalto- new mine copper — copper-cobalt ore NA . Copper-cobalt 
(Kinshasa) ^ Cuprifere) concentrate. 
La Miniere de Kalukundi 
[Groupe Managem and 
Congo Stars Mining SARL 
(Costamin)] 
2013 Do. Tenke Fungurume, phase 2 expansion of existing do. copper-cobalt oxide 15,000 $ Cobalt hydroxide. 
Freeport-McMoRan Copper operation ore 
& Gold Inc., Lundin Mining 
Corp., and La Générale 


des Carriéres et des 
Mines (Gécamines) | 
2013 Do. Usoke refinery, EW plant addition to existing do. copper-cobalt ore NA '° Cobalt cathode. 
for cobalt refinery 
Chemaf SPRL 
2013 Japan Niihama expansion expansion of existing nickel ^ nickel-cobalt sulfide 4,500 6 Do. 


Sumitomo Metal Mining Co., refinery and nickel matte 
Ltd. 
2013 Mexico Е Boleo new mine and refinery copper copper-cobalt-zine- 2,400 Do.!! 
Baja Mining Corp., Korea manganese oxide 
Resources Corp., L.S. Nikko and sulfide ores 
Copper Inc., Hyundai Hysco 
Co. Ltd., SK Networks Co. 
Ltd., and Iljin Copper Foil 
Co. Ltd. 
2013-14 Philippines Mindoro Nickel, stage 1 new mine, beneficiation nickel ^ nickel-cobalt laterite 1,200 Cobalt sulfate. 
Intex Resources ASA plant, ATML and ore 
HPAL processing 
plant, and refinery 
2013 Do. Taganito new HPAL processing do. do. 2,600 = Nickel-cobalt sulfide. 


Sumitomo Metal Mining Co., plant 


Ltd., Nickel Asia Corp., and 
Mitsui & Co., Ltd. 7 
2013 United States Idaho Cobalt new mine and refinery cobalt stratiform cobalt- 1,525 ' Cobalt cathode. 


(Idaho) Formation Metals Inc. copper-gold ore 
2013 United States Eagle new mine, crusher, nickel- ^ nickel-copper sulfide 400 * Copper-nickel 
(Michigan) Kennecott Eagle Minerals Co. and rehabilitated copper ore concentrate. 
beneficiation plant 
EN Gee: по ee —— 
. MCC-JCL Aynak Minerals 
Co., Ltd. 
[Metallurgical Corporation 
of China Ltd., 
Jiangxi Copper Co., Ltd., 
and Fujian Zijin 
Mini . Ltd. 
2014" Canada Makwa Troup Co. Led) new mine and relocated nickel nickel-copper- 150° Nickel concentrate. 
Mustang Minerals Corp. beneficiation plant platinum-group 
| metals sulfide ore 
2014 ро NICO new mine, relocated gold gold-cobalt-bismuth- 1,550’ Cobalt cathode. 
Fortune Minerals Ltd. and refurbished copper ore 
beneficiation plant, 
and refinery 
See footnotes at end of table. 
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TABLE 8—Continued m 
COBALT: SELECTED PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, ВУ 2016" 


I ami 
production 
capacity 
Projected (mene 
year of first Principal tons, cobalt 
production Country Project and company? Project type* metal — Ore/feedtype —— conten) _____Сова! produt _ 
2014 Congo Kipoi, stage 2 addition of heap- copper copper-cobalt oxide 1,100 ° МА. 
(Kinshasa) Congo Minerals sprl leaching and SX-EW ore 
[subsidiary of Tiger to existing operation 
Resources Ltd. and La 
Générale des Carrières et 
2014“ Ро. NA. new mine, beneficiation do. copper-cobalt ore 19,000 Alliage blanc. t 
La Sino-Congolaise des Mines plant, and smelter 
Sarl (Sicomines) joint 
venture!? 
2014 Ро. Usoke refinery expansion of existing do. do. 6,000 $ Cobalt cathode and 
Chemaf SPRL refinery cobalt hydroxide. 
2014 Philippines Acoje, stage la | new mine and nickel ^ nickel-cobalt laterite 530 ~? Cobalt carbonate. 
European Nickel PLC and atmospheric tank ore 
_____________ DMCIMiningCop. ___ leaching operation — 0 00 ______§_ 
2014 Russia Monchegorsk new refinery do. cobalt hydroxide 3,000 Cobalt cathode. 
2014 Tanzania Kabanga new mine and do. nickel sulfide ore NA Nickel concentrate. 
Barrick Gold Corp. and beneficiation plant 
Xstrata Nickel а —————— 
2014" United States NorthMet new mine, beneficiation copper соррег-пісКке!- 360 Separate nickel and 
(Minnesota) PolyMet Mining Corp. plant, and refinery platinum-group copper concentrates 
metals sulfide ore initially, followed 
by nickel-cobalt 
hydroxide. 
2014 Zambia Chambishi Copper Smelter add new bioleaching do. Copper-cobalt 500—700 Cobalt cathode. 
Chambishi Copper Smelter plant to existing converter slag 
Co., Ltd. (China Nonferrous smelter 
Mining Corp. Ltd. and 
Yunnan Copper Industry 
Group Co. Ltd.) and Hunan 
Shijiyintianxinye Technology 
Co., Ltd. 
2014" Do. Ichimpe new mine do. copper-cobalt ore 2,000 МА. 
Zhonghui Mining Group Ltd. 
2015° Australia Gladstone Nickel, stage 1 new mine, beneficiation nickel ^ nickel-cobalt laterite 6,000 Cobalt metal. 
Gladstone Pacific Nickel Ltd. plant, HPAL ore 
processing plant, 
and refinery 
2015 Do. Mt. Thirsty new mine and do. manganese-nickel- 2,700  Nickel-cobalt sulfide. 
Barra Resources Ltd. and atmospheric cobalt oxide ore 
Fission Energy Ltd. leaching plant 
2015 Cameroon Nkamouna | new mine and cobalt ^ nickel-cobalt laterite 6,100 7 Cobalt-nickel sulfide. 
Geovic Mining Corp. and processing plant ore 
Société National 
d'Investissement du / 
Cameroun 
2015 Canada ial — new mine and nickel ^ nickel-copper-cobait 230 *? Nickel concentrate. 
| beneficiation plant platinum-group 
metals-precious 
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TABLE 8—Continued 
COBALT: SELECTED PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, ВУ 2016"2 


E ‚р 


production 
capacity 
Projected (metric 
year of first Principal tons, cobalt 
production Country Project and company? Project суре“ metal Ore/feed type content) Cobalt product 
= 2015 Congo WOL-SX-EW refinery, new expand new copper _ copper-cobalt oxide 22,000 Cobalt hydroxide. 
(Kinshasa) phase 4 beneficiation plant and sulfide ore 
Katanga Mining Ltd., La and SX-EW refinery 
. Générale des Carrières et 
des Mines (Gécamines), and 
La Société Immobiliére du 
a Congo 
2015 Zambia Synclinorium expand existing mine do. copper-cobalt ore МА Copper-cobalt ore. 
Mopani Copper Mines Plc 
2016° Australia Niwest new mine and nickel nickel-cobalt laterite 1,400 — Nickel-cobalt sulfide. 
GME Resources Ltd. heap-leaching ore 


operation 
= 2016 . Do. Wingellina Nickel new mine and HPAL do. do. 


3,000 7 Nickel-cobalt 
Metals X Ltd. processing plant hydroxide. 
2016° Philippines Асоје, stage 1b expand existing do. do. : 


645 *? Cobalt carbonate. 
European Nickel PLC and operation 


DMCI Mining Corp. 

Estimated data are rounded to no more than three significant digits. | 
?Projects in feasibility or later stages of development in 2011. Actual startup dates may be postponed owing to economic or other factors. Additional 
projects might produce cobalt by 2016, but not enough information was available to include them. 

‘DMS dense media separation. EW electrowinning. WOL-SX-EW whole ore leach—solvent extraction—electrowinning. 

,ATML Atmospheric leach. HPAL High pressure acid leach. SX-EW solvent extraction—electrowinning. 

Startup date provided before project postponement was announced; no information is available on the length of delay. 

Total capacity following expansion. 
„Average production. 

Cobalt-nickel concentrate will be stockpiled until a marketable product is developed. 

Ownership resulting from agreement signed with First Quantum Minerals Ltd. in January 2012. 

, Addition will not increase total plant capacity. 
| Cobalt production would begin after copper production reaches a steady rate. -— | 

е Sicomines joint venture comprises the following Chinese and Congolese companies: China Railway Group Ltd., China Sinohydro Corp., China 

Metallurgical Group Corp., Zhejiang Huayou Cobalt Co., Ltd., and La Générale des Carriéres et des Mines (Gécamines). 
"Project may be delayed pending approval of environmental impact assessment and mine plan. 
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ТАВГЕ 9 ы 
COBALT: WORLD MINE PRODUCTION, BY COUNTRY ' 


(Metric tons, cobalt content) 


е 
Coun 2007 2008 2009 2010 201 г 
Australia® 4 4,730 4,780 4,340 3, | 550 
| ? 242 337 270 274 149 
Баг 2,725" 2,631 € 2,075 ' 3,139 | m " 
Canada’ 8,692 8,953 3,919 4,636 н 
China® 6,100 6,630 6,000 6,500 | Bos 
Congo (Kinshasa)** 25,400 32,300 40,000 € 60,000 И pa 
Cuba? 4,540 3,175 3,600 ^* 3,700 ^ р 
Finland 115 105 6 | | bs 
Indonesia? 1,600 1,300 : ; ; 
gascar* " == m 165° 500 
vec 1,800 1,700 2,200 3,110 = s 5 
New Caledonia!? 2,250 ' 2,110 ' 2,000 € 2,850 3, : 
Philippines® — —— — 1,000 1,200 1,500 2,200 eoe 
Russia* !! 6,300 6,200 6,100 6,200 pum 
South Асаб 600 590 610 1800 | 1000 
Zambia !3 7,500 7,000 4,900 6,200 54 a 
Zimbabwe!‘ 100 < 85 • 74 79 8 
Тога! 73,700 ' 79,100 € 78,800 ' 106,000 ' 109,000 


“Estimated. PPreliminary. ‘Revised. -- Zero. 

"World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. | | 

*Table includes data available through May 2, 2012. Figures represent recoverable cobalt content of ores, concentrates, or intermediate 
products from cobalt, copper, nickel, platinum, or zinc operations. | 

п addition to the countries listed, Spain and Turkey are known to produce ores that contain cobalt, but information is inadequate to Te 
reliable estimates of production. Poland produces copper ore containing 1,500 to 5,000 metric tns per year of cobalt, which is not curren А | 
recovered. Other соррег-, nickel-, platinum-, ог zinc-producing nations may also produce ores containing cobalt as a byproduct component, bu 
recovery is small or nil. | 

"Cobalt content of lateritic nickel ore and nickel concentrate originating from Australia. Quantities of cobalt contained in intermediate or 


refined metallurgical products produced from Australian and imported ores, in metric tons, were estimated to be as follows: 2007—5,500; 
2008—5,100; 2009—5,500; 2010—5,700; and 2011—6,300. 


"Reported cobalt content of pelletized nickel-copper matte. 
SReported figure. 

1 Assay content of cobalt in concentrates produced. 
Cobalt content of concentrates, tailings, and slags. 


?Determined from reported cobalt content of nickel-cobalt sulfide production and estimated cobalt content of ammoniacal liquor production. 
"Cobalt content of nickel matte plus estimated cobalt in lateritic ore processed in Australia. 
''Cobalt content of concentrates 


"Cobalt contained in the following materials: cobalt chloride produced in France from New Caledonian matte, cobalt hydroxide produced in 
New Caledonia, and lateritic nickel ore exported to Australia. 

P Cobalt content of concentrates and slags. 

"Cobalt content of intermediate products produced in Zimbabwe from ni 
unreported mine production in Zimbabwe and cobalt in products produc 


ckel and platinum ores mined in Zimbabwe; excludes some probable 
ed from materials originating in Botswana. 
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TABLE 10 
COBALT: WORLD REFINERY PRODUCTION, BY COUNTRY"? 


(Metric tons, cobalt content) 


Country 2007 2008 2009 2010 2011 

Australia, metal powder and oxide hydroxide“ 3,680 3,620 4,050 4,120 4,720 
Belgium, metal powder, oxide, hydroxide’ 2,825 3,020 2,150 2,600 3,187 
Brazil, metal 1,311 ° 1,215 € 1,012 1,369 1,613 
Canada, metal, metal powder, oxide 5,620 5,637 4,918 4,711 € 6,038 Р н 
China, metal, metal powder, oxide, salts” * 13,200 18,200 25,500 "€ 35,900 г 35,000 
Congo (Kinshasa), metal’ 606 1,049 2,950 4,182 3,083 
Finland, metal powder and salts? 9,173 9,645 8,962 9,413 10,441 
France, chloride 305 311 368 302 354 
India, metal and salts 980 858 1,001 1,187 1,299 
Japan, metal 1,084 1,071 1,332 1,935 2,007 
Morocco, metal and oxide 1,591 1,711 1,600 1,545 1,788 
Norway, metal 3,939 3,719 3,510 3,208 3,067 
Russia, unspecified’ 3,800 * 2,502 ' 2,352 ' 2,460 2,337 
South А са, metal powder and sulfate 307 244 238 833 840 
Uganda, metal 698 663 673 624 661 
Zambia, metal 4,335 4,049 1,506 5,026 5,756 

Total 53,500 ' 57,500 г 62,100 ' 79,400 : 82,200 


“Estimated. Preliminary. ‘Revised. 
'World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


“Table includes data available through May 2, 2012. Figures represent cobalt refined from ores, concentrates, or intermediate 
products and do not include production of downstream products from refined cobalt. 

Production reported by n.v. Umicore s.a.; includes production from China that is not otherwise included in this table. 
*Production from domestic and imported ores, concentrates, and intermediate materials; excludes production by n.v. Umicore s.a. 
that is included under Belgium. 

Excludes production of cobalt in alloys, carbonate, hydroxide, and other materials that would require further refining. 
*Production for 2007-08 reported by the Geological Survey of Finland; production for 2009—10 reported by OM Group Inc.; 
production for 2011 reported by the Cobalt Development Institute. 

"Production reportedly includes metal, oxide, and salts; other forms may also have been produced. 
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COPPER 


By Daniel L. Edelstein 


Domestic survey data and tables were prepared by Samir Hakim, statistical assistant, and the world production tables were 


prepared by Glenn J. Wallace, international data coordinator. 


After declining for 2 consecutive years, mine production 
of recoverable copper in the United States in 2011 remained 
essentially unchanged from that in 2010 at 1.11 million metric 
tons (Mt). Mine capacity increased by about 100,000 metric 
tons (t) from 2009 to 2011, but production in 2011 was about 
70,000 t less than that in 2009. Similarly, despite announced 
expansions in global mine capacity of about 400,000 metric tons 
per year (t/yr) for the second consecutive year, lower capacity 
utilization in 2011 resulted in global copper mine production 
remaining essentially unchanged for the second consecutive 
year. Numerous factors, including labor and political unrest, 
selective mining of lower-grade ore, technical problems, and 
utility shortages, continued to sustain the downward trend in 
copper mine capacity utilization. According to data compiled 
by the International Copper Study Group (ICSG), global mine 
capacity utilization declined to about 79.0% in 2011 from about 
80.5% in 2010 and 88.0% in 2006 (International Copper Study 
Group, 2012a, p. 9). 

The United States remained the fourth-ranked mine producer 
of copper behind Chile, China, and Peru and accounted for 
about 7% of global production. Although production in Chile 
declined to its lowest level since 2003, it remained the leading 
world mined copper producer and accounted for 33% of global 
production, while China surpassed Peru to become the second- 
ranked producer. Global smelter production rose slightly in 
2011, and downstream refinery production rose by about 3%, 
owing to across-the-board increases in primary electrolytic, 
electrowon, and secondary production. The United States fell to 
eighth ranked in copper smelter production from sixth in 2010, 
although production was essentially equal to seventh-ranked 
Republic of Korea and ninth-ranked Poland. The United States 
remained fourth in refined copper production behind China, 
Chile, and Japan. 

According to data compiled by the ICSG (2012a, р. 19-20, 
38), global consumption of refined copper in 2011 rose by 2.7% 
(500,000 t) to 19.9 Mt and was 9% more than the prerecession 
peak in 2008. While consumption in North America remained 
stagnant in 2011 and declined slightly in the European Union, 
Consumption in Asia rose by 2.7%, principally owing to a 7% 
increase in China’s apparent consumption, which accounted 
for about 40% of total global consumption. China’s apparent 
consumption is based on reported production, trade, and 
Shanghai Futures Exchange (SHFE) stock data, and does not 
Include unreported Government or industry stocks, which may 
fluctuate significantly on an annual basis. 

. According to ICSG estímates, for the second consecutive 
= Lm gee for refined copper was slightly higher 
ae ж mg obal production of refined copper, although 
a $ епа inventories of refined copper remained 

Sed at 1.2 Mt, about 6% of annual consumption of 
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19.9 Mt of refined copper. A decline in unreported inventories 
in China may in part account for the disparity between the 
production shortfall and reported stock changes. China's net 
imports of refined copper declined by about 200,000 t to 

2.68 Mt owing to an equally divided decrease in imports and 
increase in exports (International Copper Study Group, 2012a, 
p. 9-29). 

Copper prices in 2011 reached record-high annual averages; 
the COMEX price averaged $4.00 per pound and surpassed 
the previous high average of $3.43 per pound in 2010. Copper 
prices began 2011 on an upward trend with the COMEX spot 
price reaching a record-high value of $4.62 per pound in 
February. In September, prices declined sharply, falling to a low 
of $3.05 per pound before cycling back to an average of $3.43 
per pound in December. 

The principal mining States for copper were, in descending 
order of production, Arizona, Utah, Nevada, New Mexico, 
and Montana, and accounted for more than 99% of domestic 
production; copper was also recovered at mines in Alaska, 
Idaho, and Missouri. Although copper was recovered at 29 
mines in the United States during 2010, 19 mines accounted for 
more than 99% of production (table 2). The remaining mines 
were either small leach operations or byproduct producers of 
copper. 

In 2011, copper recovered from refined or remelted scrap 
(about 81% from new scrap and 19% from old scrap) composed 
33% of the total U.S. copper supply. The conversion of old scrap 
to alloys and refined copper increased by about 796 from the 
revised quantity in 2010 and was at its highest level since 2008, 
accounting for about 676 of apparent supply. In addition to scrap 
consumed domestically, an additional 1.2 Mt of scrap (gross 
weight) was exported, the majority of which was thought to be 
old scrap. Copper was consumed as refined copper and as direct 
melt scrap at about 30 brass mills, 15 wire-rod mills, and 500 
chemical plants, foundries, and miscellaneous operations. 


Legislation and Government Programs 


In June 2011, the U.S. International Trade Commission 
(USITC) voted to conduct a full 5-year review of antidumping 
orders on brass sheet and strip from France, Germany, Italy, 
and Japan. Under terms of the Uruguay Round Agreements Act 
the Department of Commerce would be required to revoke the | 
duties unless termination likely would lead to continuation or 
recurrence of dumping and material injury within a reasonably 
foreseeable future. In March 2012, the USITC announced that 
it had determined that revoking the existing antidumping orders 
would likely lead to such continuation or recurrence and that the 
existing antidumping orders were to remain in place 
(U.S. Department of Commerce, 201 1a; 2012). 
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In May, the Mexican affiliate of China-based Golden 
Dragon Precise Tube Group Inc. filed a request with the U.S. 
Department of Commerce for a new “shipper review” of the 
antidumping duty order on seamless refined copper pipe and 
tube from Mexico imposed on their products in November 
2010. The determination required importers to deposit with the 
U.S. Customs and Border Protection Service a cash amount 
equal to the listed estimated weighted-average margins that 
ranged between 11.25% ad valorem and 60.85% ad valorem for 
nine Chinese exporters, and 24.89% and 27.16% for various 
Mexican exporters. Meanwhile, Golden Dragon announced 
that it intended to build a 45,000-t/yr copper tube plant in 
Thomasville, AL. The Golden Dragon plant in Mexico opened 
in September 2009 and had been planned to supply the U.S. 
market. By yearend 2011, however, a final determination on the 
antidumping order review was still pending and Golden Dragon 
had yet to break ground on its new tube mill (Mazzilli, 2011; 
U.S. Department of Commerce, 2010, 2011b). 


Production 


Domestic Industry Structure.—Mine production in the 
United States remained essentially unchanged in 2011 as 
production increases in Arizona and New Mexico of 7% and 
25%, respectively, were offset by a decline of 16% in other 
States, principally Utah, where a continued decline in ore 
grades at the second leading U.S. copper producer led to a sharp 
decrease in production. Owing to the lower ore grades in Utah, 
and an increase in production from lower-grade ores in Arizona, 
the copper yield of concentrated copper ore declined by 14%. 
Mine capacity, however, rose by about 3% (60,000 t) 
to 1.76 Mt from the revised 2010 capacity of 1.70 Mt and 
capacity utilization declined to 63%. Smelter and downstream 
electrolytically refined copper production, however, decreased 
by 10% and 13%, respectively, to their lowest levels since 
2006. Smelter production decreased because of maintenance 
shutdowns and reduced concentrate production in Utah. 
Electrolytic refined production declined owing to the shortfall in 
domestic anode production and to the permanent closure of the 
White Pine, MI, refinery in August 2010, which had processed 
anodes imported from Canada. Electrowon copper from leach 
solutions accounted for 40% and 45%, respectively, of mine and 
refinery production. Fifteen solvent extraction-electrowinning 
(SX-EW) facilities operated during 2011. | 

Operating Property Reviews. —ASARCO LLC (Phoenix, | 
AZ) reported that it produced 145,000 t of refined copper at its 
Amarillo, TX, refinery and 59,700 t of electrowon copper from 
its Ray and Silver Bell Mines in Arizona. Although SX-EW 

roduction Was essentially unchanged from that in 2010, = 
electrolytic production was down by about 8% owing to a 12% 
· те in anode production at its Hayden, AZ, smelter. The 
| Ray Mines had a combined mill throughput of 
Mason Ee 4 # 4.2% copper (Grupo México, 
30 Mt grading an Е : ү рр 
S.A.B. de pd d BHP Billiton's (Melbourne, 
Copper proque United Kingdom) residual Arizona 
lia, and London, Unite Зак 
Australia, айб at Pinto Valley declined slightly to 2,800 t. 
leach т concentrate at Pinto Valley remained : 
uction ; illiton announce 
mare although in February 2012, BERE 
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that it planned to restart mining by yearend 2012 and produce 
60,000 t/yr of copper in concentrate (BHP Billiton, 2011; 2012, 
p. 7). 

Production of copper at Freeport McMoRan Copper & Gold 
Inc.’s (FCX) U.S. operations increased to 612,000 t in 2011 
from 519,000 t in 2010. The Morenci Mine in Arizona regained 
its position as the leading U.S. copper mine. During 2011, FCX 
completed ramp up of the mining rate at Morenci to 635,000 
metric tons per day (t/d) of ore and milling rates to 50,000 t/d; 
mining rates had been reduced sharply in 2008 and 2009 
owing to weak market conditions. Production of recoverable 
copper increased to 278,000 t from 232,000 t in 2010, yet 
remained well below the 367,000 t produced in 2007. SX-EW 
production at the Safford Mine in Arizona rose to 68,500 t (6%) 
during 2011, and a sulfur burner, intended to provide lower 
cost sulfuric acid, was completed. Following restart of mining 
during 2010 at the Miami Mine (Arizona) and Chino Mine 
(New Mexico), SX-EW production at Miami rose to 30,000 t 
in 2011 from 8,000 t in 2010, and combined concentrate and 
leach production at Chino rose to 31,000 t from 15,000 t in 
2010. Combined leach and concentrate production at the Sierrita 
Mine (Arizona) rose to 80,300 t from 66,700 t in 2010 and leach 
production at the Tyrone Mine (New Mexico) decreased to 
34,000 t from 37,000 t in 2010 (Freeport McMoRan Copper & 
Gold Inc., 2012, p. 6-11, 23). 

At the Bingham Canyon Mine in Utah, production continued 
to decline, decreasing by 22% to 195,000 t of contained copper, 
as mining progressed through lower grade areas of the mine. 
While mill throughput of 53 Mt was only slightly lower than 
the record-high level in 2010, mill-head grades decreased to 
an average of 0.43% copper from 0.53% in 2010. Average 
molybdenum grades, however, remained unchanged at 0.04596. 
Production of refined copper decreased to 215,000 t, about 
2096, from that in 2010. During 2011, mine operator Kennecott 
Utah Copper Corp. (Magna, UT) began the process of updating 
environmental permits to extend the mine life to 2028 through а 
possible combination of open pit and underground mining and 
began constructing a $340 million molybdenum autoclave to 
process molybdenum concentrates (Rio Tinto plc, 2012, 

p. 3, 22). 

In September, Mercator Minerals Ltd. (Kingman, AZ, and 
Vancouver, British Columbia, Canada) completed the phase 2 
expansion at its Mineral Park Mine in Arizona, which increased 
mill capacity to 45,000 t/d from 27,000 t/d. Mercator reported 
a record-high average mill throughput of 41,000 t/d during the 
fourth quarter and a record-high annual production of 19,200 t 
(17,600 t of copper in concentrate and 1,600 t of electrowon 
copper), a 32% increase from production in 2010 (Mercator 
Minerals Ltd., 2012). nded 

In July 2010, Nord Resources Corp. (Dragoon, AZ) suspe 
mining and crushing of new ore at its Johnson Camp Mine је 
Arizona in order to maximize cash flow, conserve capital, ae 
undertake additional geologic and engineering studies prior to 
installation of a new leach pad. In 2011, Nord reported selling 
1,630 t of electrowon copper from residual leach operations, 
down from 4,120 sold in 2010. At yearend, Nord was d 
about $20 million in new capital to construct а new leach pa 
and to resume mining (Nord Resources Corp., 2012, p. 2). 
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Production at Quadra FNX Mining Ltd.’s (Vancouver) 
Robinson Mine in Nevada decreased to 43,000 t in 2011 from 
49,400 t owing to mill maintenance and lower-grade ore in 
the Ruth pit. During the fourth quarter of 2010, a shift in 
production from the Veteran and Ruth pits to just the Ruth pit 
was completed. At its Carlota Mine in Arizona, production of 
electrowon copper decreased to 11,000 t from 14,500 t in 2010. 
On March 5, 2012, KGHM Polska Miedz S.A. (Lubin, Poland) 
acquired 100% of the outstanding shares of Quadra FNX, which 
then operated as KGHM International Ltd. (Vancouver) (KGHM 
International Ltd. 2012a, р.1–8; 20125). 


Consumption 


U.S. reported consumption of refined copper remained 
essentially unchanged in 2011. Consumption by wire-rod 
producers, which accounted for 72% of reported consumption, 
increased slightly, and consumption at brass mills, which 
accounted for about 24% of consumption, declined by about 
6%. According to data compiled by the American Bureau 
of Metal Statistics, Inc. (ABMS) (2012), however, domestic 
apparent consumption of wire rod rose by about 3% as the 
United States reverted to being a net importer of about 16,000 t 
of wire rod, having had net exports of about 39,000 t in 2010. 
According to U.S. Geological Survey data, shipments of copper 
and copper alloy mill products by domestic producers were 
essentially unchanged in 2011 at 951,000 t. 

According to preliminary data from the Copper Development 
Association Inc. (2012, р. 18—20), the total shipments of copper 
and copper alloy products to the U.S. market by fabricators 
(brass mills, foundries, powder producers, and wire mills), 
which included net imports, declined by about 3% from those 
Ш 2010. With the exception of 2010, where revised shipment 
data indicate about a 2% increase, shipments to the domestic 
market have trended downward since 2004. Wire-mill products 
accounted for about 51% of total shipments to the domestic 
market; brass mill products, 45%; and foundry and powder 
products, 4%. Shipments to the building construction sector, 
which remained the leading end-use market, declined by about 
4% and accounted for about 44% of shipments. Shipments 
to the electric and electronic products (20% market share), 
consumer and general products (12% market share), and 
industrial machinery and equipment (8% market share) sectors 
declined by 4%, 2%, and 14%, respectively, while shipments to 
transportation equipment (16% market share), rose by 14%. 


Prices and Stocks 


Copper prices trended upward during the last 6 months of 
2010, the COMEX price rising from $2.94 per pound at the end 
of June to its year-high value of $4.44 per pound on 
December 31. Although volatile through several cycles, prices 
remained high during the first 8 months of 201 1, the COMEX 
Spot price averaging $4.26 per pound during the period and 
reaching a new record high of $4.62 per pound in mid-February. 
The sustained high prices took place despite rising inventories 
of copper on the global commodity exchanges (COMEX, 
n Metal Exchange Ltd., and SHFE), which rose from 

8,000 t at yearend 2010 to 678,000 t at the end of March, 
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cycled down to 568,000 t at the end of August, and then rose 
again to 652,000 t at the end of September. The higher prices, 
however, coincided with increased investor interest, continued 
high imports of copper into China, and perceptions of continued 
supply shortages. 

In mid-September, prices began a sharp decline, the COMEX 
spot price averaging only $3.49 per pound for the September to 
December period, and ending the year at $3.43 per pound. The 
downward price trend ran contrary to that indicated by declining 
stocks and increased imports of refined copper by China. 
Combined excHange stocks trended downward to close the 
year at 545,000 t, essentially the зате level as at yearend 2010. 
Imports of refined copper into China during the fourth quarter 
of 2011 were at a record-high 1.05 Mt. Lower prices during the 
fourth quarter in 2011 appeared to reflect growing concern over 
the debt crisis in Europe and a decline in investor interest. 

Copper scrap prices generally followed the trend in refined 
copper prices. With higher refined copper prices, however, 
the discount of most grades of copper scrap to refined copper 
increased. According to American Metal Market price data, the 
discount for refiners’ No. 2 scrap from the COMEX spot price 
averaged 49.3 cents per pound in 2011, compared with 38.8 
cents per pound in 2010, and ranged between 35.5 cents per 
pound in December and 73.6 cents per pound in February, when 
refined copper prices were at their peak. Although following 
the same trend, the discount for No. 1 brass mill scrap remained 
much smaller, averaging 10.9 cents per pound for the year, and 
ranging from 8.0 cents per pound in December to 17.0 cents per 
pound in January. 


Foreign Trade 


Although reported U.S. consumption of refined copper 
remained essentially unchanged in 2011, net imports of refined 
copper in 2011 increased by about 100,000 t from those 
in 2010, reversing a 4-year downward trend. The increase 
corresponded with lower domestic production and an increase 
yearend inventories. Chile, Canada, and Mexico were the 
leading sources of refined copper imports in 201 1, accounting 
for 55%, 21%, and 14%, respectively, of refined imports. From 
2008 through 2011, Chile was the leading source of unwrought 
copper products (43%), followed by Canada (32%), and Peru 
(16%). Refined copper accounted for 84% of unwrought copper 
imports during the same period. Exports of copper contained in 
concentrates increased by more than 80%, reversing a 2-year 
downward trend, owing to increased mine production from 

nonintegrated producers and maintenance shutdowns at the three 
integrated domestic smelters that reduced domestic demand for 
concentrates. 

According to the U.S. Census Bureau data compiled by the 
Copper and Brass Fabricators Council Inc. (2012, p. 1-9), in 
2011, U.S. imports of copper and copper-alloy semifabricated 
products (excluding wire-rod mill products) were 218,000 t(a 
decrease of 4% from those in 2010), exports were 108,000 t (an 
increase of 4%), and the resulting net imports declined by about 
10% to 109,000 t. Canada and Mexico collectively accounted 
for 68% of semifabricated copper exports and 20% of imports 
China, which had been the leading source of imports in 2009 | 
(26% share), continued to lose market share and accounted for 


20.3 


only 9% of imports in 2011 following the ITA antidumping 
orders on copper tube from China and Mexico instituted 

in November 2010. (More information can be found under 
Legislation and Government Programs.) Imports of copper tube 
from China and Mexico declined by 78% (38,000 t) and 92% 
(21,000 t), respectively, from those in 2009 (U.S. Department of 
Commerce, 2010). 

In response to higher copper prices, and therefore increased 

scrap availability, exports of copper and copper alloy scrap 

rose by 20% to a record-high 1.24 Mt. China (including 

Hong Kong) was the destination for 79% of domestic scrap 
exports and, based on global import data, was the recipient 

of 62% of reported global scrap trade of 7.7 Mt. Canada, the 
second-ranked recipient of U.S. scrap, received 5%. Germany 
and Belgium, the leading secondary copper smelting countries 
in Europe, were significant recipients of U.S. scrap, together 
accounting for 4% of U.S. scrap exports and 12% of global 
imports in 2011 (International Copper Study Group, 2012a, 
p. 404-1). 


World Review 


Following 2 years of limited growth (2008—09), world 
production of refined copper rose for the second consecutive 
year, increasing by about by 550,000 t (about 3%) owing to an 
across-the-board increase in primary and secondary production. 
Production of refined copper from electrowinning rose by 
4%, electrolytic and fire refining (other primary) by 2%, and 
secondary (from scrap) by almost 6%. World apparent copper 
use, according to revised ICSG data, rose by about 520,000 t 
(2.7%) to a record-high 19.9 Mt. Consequently, the ICSG 
global market balance indicated a production deficit for the 
second consecutive year, amounting to about 200,000 t in 2011 
and totaling 550,000 t during the 2-year period. Stocks held 
on the more visible commodity exchanges decreased by only 
about 24,000 t to 545,000 t. ICSG estimates of total reported 
inventories (exchanges, governments, and industry) remained 
essentially unchanged at 1.2 Mt. With the exception of exchange 
inventories, inventory levels in China were not reported and 
were not considered in these analyses. Consumption data for 
China are based on apparent consumption of refined copper 
(production, net trade, and SHFE stock changes) and did not 
account for changes in industry and government stock levels 
(International Copper Study Group, 2012a, p. 9-20). 

World mine production of copper, which rose nominally 
(127,000 t) in 2010 to 16.1 Mt, remained unchanged in 2011. 
World copper mine production remained relatively flat from 
2007 to 2011, increasing by about 3.8% during the period. 
According to data compiled by the ICSG, this low jai of 

h took place despite an estimated 2.2 Mt/yr (1276) increase 
А ss from 2007 to 2011. Consequently, based on ICSG 
in сар ay y city data, capacity utilization at global 
production ane ee lownward trend that began in 
‘nes continued the downward tren 2 | 
copper Pai utilization having peaked at more than 95% in 
2002, capaci У 79% in 2011. Numerous factors contributed 


a pase dA including competition for labor, power, 
to the 


i 1 lobal boom in mineral 
i during the prerecession В 
and equipment is labor unrest, in part encouraged by 


ferential mining of coproducts; political 


20.4 


uncertainty; and technical problems associated with aging and 
expanding operations. The sharp fall in prices during the fourth 
quarter of 2008 that had led to industry curtailments and delays 
or deferrals of anticipated projects continued to limit production 
in 2011 (International Copper Study Group, 2012b, p. 13). 

Significant declines in copper mine production in Chile and 
Indonesia were offset by increased production in Australia, 
China, Congo (Kinshasa), and Mexico. In Chile, copper mine 
production declined by more than 150,000 t to its lowest level 
since 2003, principally owing to an almost 300,000 t decline 
in production at the Escondida Mine, the world's leading 
copper-producing mine, owing to lower ore grades and labor 
strikes. In Indonesia, copper mine production declined by 
335,000 t owing to continued production difficulties and labor 
unrest that led to worker blockades at the Batu Hijau Mine 
(Newmont Mining Corp. and others) and labor strikes and 
equipment damage at FCX's Grasberg operations during the 
fourth quarter of the year. Production at Batu Hijau decreased 
by 4896 (117,000 t) and production at Grasberg declined by 
31% (188,000 t) (BHP Billiton, 2012, p. 7; Freeport-McMoRan 
Copper & Gold Inc., 2012, p. 23; Newmont Mining Corp., 
2012). 

In Mexico, production rose by 64% (173,000 t) owing to 
resumption of mining in October 2010 at the Buenavista del 
Cobre Mine (Grupo Mexico), following a strike that lasted more 
than 3 years. In Australia, production at the Olympic Dam Mine 
rose by 65,000 t owing to restoration of production following a 
conveyor failure in 2010. Production in the Congo (Kinshasa) 
rose by about 90,000 t owing to startup or expansion of several 
electrowinning operations (BHP Billiton, 2012, p. 2; Grupo 
México, S.A.B. de C.V., 2012, p. 24). 

According to ICSG data (2012b, p. 15), global smelter 
capacity increased by about 340,000 t/yr in 2011 to 18.5 million 
metric tons per year. Global smelter capacity utilization declined 
slightly, however, as production in 2011 increased by only 
about 225,000 t. A decline in primary smelter production in 
2011 owing to a shortage of concentrates (production of which 
declined by almost 150,000 t) was more than offset by а 335,000 
t-increase in secondary smelter production, principally in China. 

According to CRU International Ltd. (201 la, p. 69-75; 2012, 
p. 73-75) consumption of copper in concentrates during 2011 
exceeded production by about 200,000 t. According to CRU 
revised data for 2010, a concentrate surplus had developed 
by the end of 2010 owing to smelter maintenance projects 
and cutbacks and delays in new capacity in China. Although 
concentrate stocks began to fall early in 2011, а significant 
quantity of concentrate was released into the market after the 
earthquake and tsunami that temporarily shut the Onahama 
smelter in Japan in February, leading to a brief surge in spot 
treatment (smelting) and refining charges. Spot treatment and 
refining charges, which began the year at about 15 cents per 
pound of payable copper, surged to more than 27 cents P " 
pound in March following the Japanese crisis, before tren Я B 
sharply downward to less than 5 cents per pound at yearen 2 
Spot treatment and refining charges have trended lower 50 А 
2005, when they averaged about 40 cents per pound of о, 5 
Term contracts were much less volatile and averaged р 2 
cents per pound during the first half of the year, rising 10 
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cents per pound for contracts negotiated for delivery during the 
second half of the year (CRU International Ltd., 2011b, p. 74). 
Global consumption of refined copper rose for the second 
consecutive year, increasing by about 2.6% (50,000 t) to 
а record-high 19.9 Mt in 2011. China, where apparent 
consumption increased by 7.196 (530,000 t) to account for 
4096 of global consumption, and Russia, where apparent 
consumption increased by 59% (265,000 t), accounted for most 
ofthe consumption growth. Copper consumption decreased in 
Asia's other major copper-consuming countries (India, Japan, 
Republic of Korea, Taiwan, and Vietnam). Consumption in the 
European Union declined slightly and consumption in North 
America remained unchanged. Consumption in Russia rose 
sharply owing to an export tariff imposed on refined copper 
that encouraged the conversion of cathode to wire rod prior to 
export. Reported exports of copper alloy semifabricates from 
Russia rose by about 170,000 t. China's apparent consumption 
excludes estimates of unreported stock changes, which 
can distort year-on-year changes. While China's apparent 
consumption in 2011 increased by more than 7%, reported 
production of copper semifabricates increased by only about 296 
(International Copper Study Group, 2012a, p. 10—23, 38). 


Outlook 


Although refined copper prices remained volatile during the 
first 9 months of 2012, they traded within a narrower range than 
in recent years. The COMEX spot copper price began the year 
at $3.53 per pound of copper, rose to $3.92 per pound in April, 
retreated to a low of $3.28 per pound in June, and then trended 
back up to a peak of $3.85 per pound in September. The balance 
between copper supply and demand remained tight throughout 
this period and was strongly influenced by exports of refined 
copper to China. Apparent usage in China in the first half of 
2012 increased by 27% compared with that in the first half of 
2011 owing to an 80% increase in net imports of refined copper. 
Anecdotal evidence, however, suggests that the high import 
level In 2012 exceeded industrial demand and was accompanied 
by increased inventories held in bonded warehouses. During 
the first half of 2012, U.S. exports of refined copper rose to 
record high levels and totaled 135,000 t, nearly four times the 
total refined exports for all of 2011, and domestic inventories 
pus by about 200,000 t to about one-half the yearend 2011 

In September 2012, the International Copper Study Group 
(2012c) projected that global refined copper consumption 
In 2012 would exceed refined copper production by about 
по t, continuing the global production deficit for the 
‚ . Consecutive year. Operational problems and labor unrest, 
Including strikes in Chile and Indonesia, continued to constrain 
world copper mine output, and the mine capacity utilization 
rate was projected to remain at 79%. Global consumption and 
production of refined copper were projected to increase by 1.5% 
and 2.6%, respectively, in 2012. Apparent consumption in China 
Was expected to increase by more than 8%, accounting for 42% 
of global consumption, while consumption exclusive of China 
Was Projected to decline slightly. 

Я о mine production was projected to increase by about 4% 
2, as mine cutbacks instituted at yearend 2008 in Arizona, 
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Nevada, and New Mexico, were restored. These increases 
were expected to be partially offset by lower ore grades and 
production at the second-ranked U.S. copper mine in Utah. 
Electrolytic refinery production was expected to decrease by 
about 9% owing to a shortage of domestic anode, the latter 
resulting from maintenance shutdowns at the three domestic 
smelters. Total refined production, however, was expected to 
remain unchanged as increases in electrowon production and 
secondary refined production were expected to balance the 
decline in electrolytic production. In June, a new integrated 
fire refinery and wire-rod mill were commissioned that were 
expected to increase domestic production and consumption of 
fire refined copper. Domestic consumption of refined copper was 
expected to increase slightly from that in 2011. 

In 2013, domestic mine and refined production of copper 
are expected to increase by more than 10% as production 
ramp ups at mines are completed, ore grades in Utah increase, 
smelters operate throughout the year, and fire-refined production 
increases. According to ICSG projections (2012c), refined 
copper output in 2013 was expected to exceed consumption 
owing to more modest growth in China and a 6% growth in 
global refined production. 
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TABLE 1 
SALIENT COPPER STATISTICS! 


(Metric tons, unless otherwise specified) 


2007 2008 2009 2010 2011 
United States: 
Mine production: 
Ore concentrated thousand metric tons 138,000 219,000 * 149,000 152,000 172,000 
Average yield of concentrated ore percent 0.46 0.36 ' 0.46 0.43 0.37 
Recoverable copper: 
Arizona 731,000 836,000 711,000 703,000 751,000 
New Mexico 108,000 104,000 56,500 52,700 66,000 
Other States 329,000 368,000 414,000 353,000 296,000 
Total 1,170,000 1,310,000 1,180,000 1,110,000 1,110,000 
Total value millions $8,450 $9,200 $6,290 $8,520 $9,960 
Smelter production: 
Primary and secondary 617,000 574,000 597,000 601,000 538,000 
Byproduct sulfuric acid, sulfur content thousand metric tons 720 655 671 704 ' 679 
Refinery production: 
Primary materials: 
Electrolytic from domestic ores 702,000 603,000 588,000 606,000 545,000 
Electrolytic from foreign materials 62,100 109,000 48,300 21,000 W 
Electrowon 504,000 507,000 476,000 430,000 447,000 
Total 1,270,000 1,220,000 1,110,000 1,060,000 992,000 
Secondary materials (scrap), electrolytic and fire refined 46,000 53,800 46,400 37,700 37,300 
Grand total -1,310,000 1,270,000 1,160,000 1,090,000 1,030,000 
Secondary copper produced: 
Recovered from new scrap 772,000 ' 700,000 ' 639,000 642,000 ' 649,000 
Recovered from old scrap 162,000 ' 159,000 € 138,000 143,000 ' 153,000 
Total 933,000 ' 859,000 ' 777,000 785,000 * 802,000 
Copper sulfate production 20,500 " 22,000 22,400 23,700 ' 22,800 
Exports, refined 51,100 36,500 80,800 78,300 40,400 
Imports, refined 829,000 724,000 664,000 605,000 670,000 
Stocks, December 31: 
Blister and in-process material 26,300 24,100 15,500 21,100 13,000 
Refined copper: 
Refineries 21,800 18,300 23,700 10,300 8,360 
Wire-rod mills 20,600 31,700 24,700 ' 19,700 24,000 
Brass mills 10,400 8,340 7,610 6,400 6,850 
Other industry 3,220 3,230 4,290 4,380 4 330 
СОМЕХ 13,500 31,300 90,000 58,600 79,800 
E Metal Exchange (LME), U.S. warehouses 60,600 106,000 283,000 284,000 286,000 
ota , 
I 130,000 199,000 434,000 384,000 409,000 
Ue copper, reported | 2,140,000 2,020,000 1,650,000 1,760,000 1,760,000 
нем consumption, primary refined and old scrap” _ 2,2 70,000 2,000,000 1,5 80,000 1 ‚760,000 1 ‚730,000 
А 
— COMEX f eie et per pound = 319.16 241.24 348.34 405.85 
: ; | 313.35 235.42 342.5 
__ IME, Grade де ag 322 83 We 2 l 400.05 
World, production: | ' i 56 341.74 399.79 
UOTA EE CIEL ——— a 
pnei ———— eund metis one 15,500 15600 — 16000" 16100" во 
~ Refinery —  ——— M 14,200 14,600 14,900 * 15,500 : 15,800 
do. 17,900 18,300 18,300 ' 19,100 19,700 


1 
2 


645,000 t, 583,000 t, and 649,000 t respectively. 
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Revised. do. Ditto, W Withheld to avoid disclosing company proprietary data. 
Data are rounded to no more than three significant digits, except prices; may not add to totals shown. 
In 2007, 2008, 2009, 2010 and 2011, apparent consumption is calculated using general imports of 832,000 metric tons (t), 721,000 t, 
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TABLE 2 | 
LEADING COPPER-PRODUCING MINES IN THE UNITED STATES IN 2011, IN ORDER OF OUTPUT! 


Capacity 
| (thousand 
Rank Mine County and State Operator Source of copper metric tons) 
1___Могепоі___Отеепјее, AZ_Freeport-McMoRan Copper & Gold Inc. — Copper-molybdenum ore, concentrated and leached 400 
2 Bingham Canyon Salt Lake, UT Kennecott Utah Copper Corp.” Copper-molybdenum ore, concentrated and leached 300 
3 Ray Pinal, Аё ASARCO LLC? Copper ore, concentrated and leached 140 
ч сарала Yavapai, AZ Freeport-McMoRan Copper & Gold Inc. | Copper-molybdenum ore, concentrated 110 
> e Pima, AZ do. Copper-molybdenum ore, concentrated and leached 80 
щш Saba AZ do. Copper ore, leached 110 
7 Уп Complex Ріта, AZ ASARCO LLC? Copper ore, concentrated 80 
s Robinson White Pine, NV Quadra FNX Mining Ltd. Copper-molybdenum ore, concentrated 70 
> Tyrone ^ Gran,NM  —  FreeporrMcMoRen Copper & Gold Inc. Copper ore, leached — — — — — — — ç ç 9% 
AL ERG TR Silver Bow, МТ __Мошапа Козошсез _______ Coppermolybdenumome,conenmtd ___________40 
=) Chano Gran NM_Freeport-McMoRan Copper & Gold Inc. — Copper-molybdenum оге, concentrated and leached 135 
13 Silver Bell —— Pim, AZ —  —  ASARCOILC да 0 0 ,2 
14 Minero) Park Mohave, AZ Mercator Minerals Ltd. Copper-molybdenum ore, concentrated and leached 26 | 
15 Phoenix Lander, NV Newmont Mining Corp. Gold-copper ore, concentrated 18 | 
16 Сапоја Gila, AZ Quadra FNX Mining Ltd. Copper ore, leached 15 | 
18 Try Lincoln, MT — — RevetMinemlsIn.— — —  Coppersilverore,conentrated — — č — 5 | 
19 Pinto Valley Gila, AZ BHP Billiton Copper-ore, leached 70 
do. Ditto. 
'The mines on this list accounted for more than 99% of U.S. mine production in 2011. 
Wholly owned subsidiary of Rio Tinto plc. 
; Wholly owned subsidiary of Grupo México, S.A.B. де СМ. 
TABLE 3 
MINE PRODUCTION OF COPPER-BEARING ORES AND RECOVERABLE COPPER CONTENT OF ORES 
PRODUCED IN THE UNITED STATES, BY SOURCE AND TREATMENT PROCESS' 
(Metric tons) 
юю ____ 2011 
Gross Recoverable Gross Recoverable 
Source and treatment process weight copper weight copper 
Mined copper ore: 
_ Concentrated ___69(6_ш____ 152,000,000 659,000 172,000,000 643,000 
_Leached ____ _______ МА 430,000 МА 447,000 
NEC НО se МА 1,090,000 МА 1,090,000 
Copper precipitates shipped, leached from 
_tailings, dumps, and in-place material _ NA W NA ы 
Other copper-bearing ores? 4,780,000 19,700 5,230,000 Zoe 
Grand total XX _ 1,110,000 XX 1,110,000 
NA Not available. W Withheld to avoid disclosing company proprietary data; included with "Other 
copper-bearing ores." XX Not applicable. 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
?Includes gold ore, lead ore, and silver ore. 
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TABLE 4 
CONSUMPTION OF COPPER AND BRASS MATERIALS IN THE UNITED STATES, BY ITEM! 


(Metric tons) 
Foundries, Smelters, 
chemical plants, refiners, 
Item Brass mills — Wire-rod mills miscellaneous users ingot makers Total 
2010: 
Copper scrap 698,000 2 W 74,800 157,000 929,000 
Refined copper? 459,000 1,250,000 53,100 4,510 1,760,000 
Hardeners and master alloys 10,100 -- 4,370 -- 14,400 
Brass ingots -- -- 61,700 -~ 61,700 
Slab zinc 44,800 -- (4) (4) 106,000 
2011: | 
Copper scrap 707,000 W 77,200 157,000 942,000 
Refined copper? 430,000 1,270,000 56,600 5,000 1,760,000 
Hardeners and master alloys 10,100 -= 4,410 -- 14,500 
Brass ingots — -- 61,600 -- 61,600 
Slab zinc 39,300 


= (4) (4) 40,400 
W Withheld to avoid disclosing company proprietary data; included with “Brass mills.” — Zero. 


"Data are rounded to no more than three significant digits; may not add to totals shown. 
“Includes item indicated by symbol W. 


*Detailed information on consumption of refined copper can be found in table 5. 
*Withheld to avoid disclosing company proprietary data; included in “Total.” 


TABLE 5 
CONSUMPTION OF REFINED COPPER SHAPES IN THE UNITED STATES, BY CLASS OF CONSUMER! 


(Metric tons) 


| Ingots and Cakes and Wirebar, billets, 
Class of consumer Cathodes ingot bars slabs other Total 
2010: 


Wire-rod mills 1,250,000 - -- — 1,250,000 
Brass mills 320,000 19,400 44,100 75,600 459,000 
Chemical plants -- = -- 385 385 
Ingot makers W W W 4,510 ? 4,510 
Foundries 3,470 3,150 -- 11,500 18,200 


Miscellaneous” W W W 3 


4,600 ? 34.600 
Total 1,570,000 22.500 44,100 127,000 1,760,000 
2011: | pos 


Wire-rod milis 1,270,000 -- s == 1,270,000 
Brass mills 305,000 W 43,800 81,700 430,000 
Chemical plants W \ -~ 1,520 1 520 
Ingot makers W W W 5,000 ? 5 000 
Foundries 4,950 2,460 -- 10,200 1 7.700 
Miscellaneous? W W W 


37,500 ? 37,500 
Total 1,580,000 2,460 43,800 136,000 000 


W Withheld to avoid disclosing company proprietary data; 


1,760,000 


included with “Wirebar, billets, other.” — Zero. 


'Data are rounded to no more than three Significant digits; may not add to totals shown. 
? Includes items indicated by symbol W. 


Includes consumers of copper powder and copper shot, iron and steel plants, and other manufacturers. 
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ТАВГЕ 6 
COPPER RECOVERED FROM SCRAP PROCESSED IN THE UNITED STATES, 
BY KIND OF SCRAP AND FORM OF RECOVERY’ 


(Metric tons) 
200201 
Kind of scrap: 
New scrap: 
Copper-base 612,000 ' 618,000 
Aluminum-base 30,100 ' 31,700 
Nickel-base 18 18 
Total 642,000 ' 649,000 
Old scrap: 
Copper-base 121,000 ' 124,000 
Aluminum-base 21,700 ' 28,700 
Nickel-base 267 € 267 
Zinc-base 9 13 
Total 143,000 ' 153,000 
Grand total 785,000 ' 802,000 
Form of recovery: 
As unalloyed copper 39,000 38,400 
In brass and bronze 689,000 ' 699,000 
In alloy iron and steel 731 692 
In aluminum alloys 51,600 ' 59,600 
In other alloys 9 12 
In chemical compounds 5,030 5,030 
Total 785,000 * 802,000 
"Revised. 


1 Bot Ба 
Data аге rounded to no more than three significant digits; may not add to totals shown. 


TABLE 7 
COPPER RECOVERED AS REFINED COPPER AND IN ALLOYS AND OTHER FORMS 
FROM COPPER-BASE SCRAP PROCESSED IN THE UNITED STATES, BY TYPE OF OPERATION! 


(Metric tons) 

| | From new scrap From old scrap o Та ___ 
Ingot miken 12,200 ' 11,800 63,600 ' 64,600 75,700 € 76,400 
Refineries’ _ | 19,100 18,900 18,600 18,400 37,700 37,300 
Brass and wire-rod mills 548,000 553,000 17,200 17,600 565,000 571,000 
Foundries and manufacturers 27,700 28,400 21,800 ' 23,600 49,500 ' 52,000 
Chemical plants -5,030 5,030 = = 5,030 5,030 
: Total 612,000" 618,000 121,000" 124.000 733,000" 742,000 


Revised. -- Zero. 


| 
Data are rounded ый M 
и k, б to no more than three significant digits; may not add to totals shown. 
ectrolytically refined based on source of material at smelter level. 
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TABLE 8 
PRODUCTION OF SECONDARY COPPER AND COPPER-ALLOY PRODUCTS 
IN THE UNITED STATES, BY ITEM PRODUCED FROM SCRAP! 


(Metric tons) 
Item produced from scrap 2010 2011 
Unalloyed copper products: 
Refined copper 37,700 37,300 
Copper powder 1,230 1,030 
Copper castings 82 124 
Total 39,000 38,400 
Alloyed copper products: л сиса 
Brass and bronze ingots: 
Tin bronzes 8,100" 9.050 
Leaded red brass and semired brass 51,400 ' 51,200 
High leaded tin bronze 8,480 "€ 9,650 
Yellow brass 5,090 € 5,280 
Manganese bronze 7,600 * 7,500 
Aluminum bronze 6,240 € 6,330 
Nickel silver 1,040 1,020 
Silicon bronze and brass 4,840 € 4,740 
Copper-base hardeners and master alloys 7,670 5,250 
Miscellaneous 7,720 7,800 
Total 108,000 г 108,000 
Brass mill and wire-rod mill products 689,000 701,000 
Brass and bronze castings 44,400 * 45,000 
Copper in chemical products 5,030 5,030 
Grand total 886,000 ' 897,000 
"Revised. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


TABLE 9 
COMPOSITION OF SECONDARY COPPER-ALLOY PRODUCTION IN THE UNITED STATES! 


(Metric tons) 
— Copper Tin Lead Zinc Nickel Aluminum Total 
Ф • 
Brass and bronze ingot production: 
ee 0 bronze ingot production; __ 


2010" 90,100 3,530 5,040 9,450 116 14 108,000 


2011 89,200 3,800 5,360 9,310 106 13 108,000 
Secondary metal content of brass mii о —— 


products: 
2010 570,000 1,400 2,020 115,000 1,060 16 689,000 


2011 578,000 1,360 2,310 118,000 1,100 16 701,000 
Secondary metal content of brass and ST 


bronze castings: 
2010 41,000" 1,100 574 1,460 130 101 44,400 ' 


2011 41,800 1,090 564 1,370 90 103 45,000 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
Includes approximately 96% from scrap and 4% from other than scrap in 2010 and 2011. 
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TABLE 10 
CONSUMPTION AND YEAREND STOCKS OF COPPER-BASE SCRAP’ 


(Metric tons, gross weight) 


2010 2011 
Consumption Stocks Consumption ^ Stocks 


Scrap type and processor 
Unalloyed scrap: 


No.1 wire and heavy: 


Smelters, refiners, and ingot makers 17,700 ' 932 € 17,100 970 
Brass and wire-rod mills 319,000 (2) 324,000 (2) 
Foundries and miscellaneous manufacturers 27,400 ' (2) 28,200 (2) 
No. 2 mixed heavy and light: 
Smelters, refiners, and ingot makers 60,000 ' 2,530 ' 62,000 1,540 
Brass and wire-rod mills 10,200 (2) 9,530 (2) 
Foundries and miscellaneous manufacturers 7,260 (2) 9,150 (2) 
Total unalloyed scrap: 
Smelters, refiners, and ingot makers 77,700 ' 3,460 ' 79,100 2,510 
Brass and wire-rod mills 330,000 686 333,000 509 
Foundries and miscellaneous manufacturers 34,700 ' 2,250 ' 37,300 4,000 
Alloyed scrap: 
Red brass: 
Smelters, refiners, and ingot makers 23,800 ' 1,850 ' 22,300 2,050 
Brass mills 11,100 (2) 9,700 (2) 
Foundries and miscellaneous manufacturers 2,790 (2) 2,690 (2) 
Leaded yellow brass: 
Smelters, refiners, and ingot makers 10,000 ' 958 ' 10,000 813 
Brass mills 103,000 (2) 118,000 (2) 
Foundries and miscellaneous manufacturers 971 (2) 930 (2) 
Yellow and low brass, all plants 147,000 € 749 ' 146,000 918 
Cartridge cases and brass, all plants 98,200 (2) 91,800 (2) 
Auto radiators: 
Smelters, refiners, and ingot makers 20,500 ' 1,000 ' 20,500 829 
Foundries and miscellaneous manufacturers 1,900 (2) 1,900 (2) 
Bronzes: 
Smelters, refiners, and ingot makers 12,200 € 1,050 " 12,800 885 
Brass mills and miscellaneous manufacturers 16,300 (2) 15,500 (2) 
Nickel-copper alloys, all plants 9,740 ' 175 г 9,620 152 
Low grade and residues; smelters, refiners, (2) 
miscellaneous manufacturers 23,000 756° 22,900 593 
Other alloy scrap:* 
Smelters, refiners, and ingot makers 1,290 514° 1,510 793 
Brass mills and miscellaneous manufacturers 5,340 (2) 5,650 (2) 
Total alloyed scrap: 
Smelters, refiners, and ingot makers 78,900 ' 7,140 ' 78,000 6,850 
Brass mills 368,000 547 374,000 584 
Foundries and miscellaneous manufacturers 40,100 2.050! 39.900 1,990 
Total scrap: : 
E and ingot makers 157,000" 10,600" 157,000 9,360 
- - 698,000 1,230 707,000 1,090 
сала miscellancous manufacturers 74,800 — 4299: — 71200 _ 5990 


1 Е 
Data аге rounded ieni ioi 
м ái а no more than three significant digits; may not add to totals shown. 
| wn 1$ not available; included in “Total unalloyed scrap,” “Total alloyed scrap,” and “Total scrap.” 


3. 
Includes cocks and faucets, co i in А НА: 
/bronze. › commercial bronze, composition turnings, gilding metal, railroad car boxes, and silicon 


4 à 
Includes aluminum bronze, beryllium copper, and refinery brass. 
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TABLE 11 
CONSUMPTION OF PURCHASED COPPER-BASE SCRAP? 


(Metric tons, gross weight) | 
ew sera Ойу у —— 
Type of operation 2010 2011 2010 2011 2010 2011 
Ingot makers 28,800 ' 28,800 89,000 € 89,900 118,000 ' 119,000 
Smelters and refineries 20,100 19,700 18,800 18,700 38,900 38,400 
Brass and wire-rod milis 681,000 689,000 17,500 18,200 698,000 707,000 
Foundries and miscellaneous manufacturers $1,300 € 52,000 23,500 € 25,200 74,800 € 77,200 


Total 781,000 ' 790,000 149,000 "€ 152,000 929,000 ' 942,000 
"Revised. 


"Раца are rounded to no more than three significant digits; may not add to totals shown. 
2 


Consumption at brass and wire-rod mills assumed equal to receipts. 


TABLE 12 
FOUNDRIES AND MISCELLANEOUS MANUFACTURERS CONSUMPTION 
OF BRASS INGOT, REFINED COPPER, AND COPPER SCRAP 


IN THE UNITED STATES! 
(Metric tons) 

Ingot type or material consumed 2010 2011 
Tin bronzes 9,150 ° 8,550 
Leaded red brass and semired brass 36,800 г 36,500 
Yellow, leaded, low brass” 7,140 € 7,140 

— M L — 
Manganese bronze 2,420 2,530 
Nickel silver? 483 879 
Aluminum bronze 3,560 € 4,130 
Hardeners and master alloys? 4,370 4,410 
Lead free alloys? 2,170 1,820 
Total brass ingot 66,100 ' 66,000 
Refined copper 53,100 56,600 
Copper scrap 74,800 ' 77,200 

"Revised. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes brass and silicon bronze. 
*Includes brass, copper nickel, and nickel bronze. 
“Includes special alloys. 


"Includes copper-bismuth and copper-bismuth-selenium alloys. 


TABLE 13 
AVERAGE PRICES FOR COPPER SCRAP, BY TYPE 


(Cents per pound) 
Dealers' buying (New York) 
Brass mills Refiners No. 2 Red brass turnings 
Year No. 1 scrap No. 2 scrap Scrap and borings 
2010" 332.16 303.95 255.21 165.46 
2011 389.12 350.72 301.67 188.28 


‘Revised. 


` Source: American Metal Market. 
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TABLE 18 
U.S. EXPORTS OF COPPER SCRAP, BY COUNTRY’ 


Unalloyed copper scrap Copper-alloy scrap 
2010 2011 2010 2011 
Quantity Value Quantity Value Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
Belgium 11,000 $52,600 14,400 $78,000 19,900 $66,600 14,300 $40,300 
Canada 15,500 109,000 20,400 177,000 29,900 110,000, 38,000 124,000 
China 247,000 1,060,000 383,000 1,880,000 512,000 1,300,000 557,000 1,570,000 
Germany 4,190 25,500 8,470 57,100 9,570 54,500 13,900 87,500 
Hong Kong 10,300 53,500 5,970 31,100 44,500 158,000 29,000 126,000 
India 965 5,960 1,690 10,300 17,900 40,700 12,200 42,200 
Japan 7,180 48,600 8,810 62,300 9,900 58,500 7,480 52,100 
Korea, Republic of 13,300 88,200 19,100 150,000 17,600 63,400 17,100 81,700 
Mexico 4,090 25,400 3,150 24,100 7,090 49,900 7,000 45,400 
Spain 2,890 20,400 5,170 41,000 8,630 29,500 11,600 42,800 
Taiwan 2,940 17,000 4,170 22,500 2,790 8,500 3,400 9,660 
Other 16,700 97,800 29,900 196,000 22,900 36,200 30,800 59,800 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
Source: U.S. Census Bureau. 
TABLE 19 
U.S. IMPORTS FOR CONSUMPTION OF COPPER SCRAP, BY COUNTRY’ 
Unalloyed copper scrap Copper-alloy scrap 
Quantity Value” Gross weight Copper content? Value? 
Country or territory (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
2010 21,400 $90,400 74,500 53,600 $313,000 
2011: 
Bahamas, The 344 1,870 685 493 1,570 
Canada 14,600 105,000 34,800 25,100 181,000 
Chile 39 357 403 290 1,880 
China -- -- 426 307 2,790 
Colombia - -- 331 238 2,750 
_CostaRica _____ 834 4,020 2,300 1,650 13,600 
. Dominican Republic _ 1,250 2,230 1,860 1,340 4,830 
El Salvador 731 1,820 1,250 900 3,820 
used 666 1,620 1,960 1,410 10,100 
Haiti 497 975 2 1 3 
Honduras 47 208 1,060 763 5,790 
м ауса -- -- 746 537 4,850 
Gnd 8,390 43,400 28,400 20,400 120,000 
1,080 2,790 968 697 2,140 
= = - 649 647 3,780 
DS 43 2,650 52 37 257 
T E 4,330 3,580 2,400 22,300 


1 
Data аге rounded to no more than three si 


2 . 
Cost, insurance, 


freight value at U.S. port. 


gnificant digits; may not add to totals shown. 


3 А А 
Content is estimated by the U.S. Geological Survey to be 72% of gross weight 


Source: U.S. Census Bureau. 
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TABLE 20 
COPPER: WORLD MINE PRODUCTION, BY COUNTRY"? 


(Metric tons) 


Botswana‘ 
». 
Brazil: 


Concentrates 205,728 г 218,295 ' 211,692 г 213,548 ' 213,600 Р 
Leaching, electrowon 900 3,800 6,500 7,400 7,450 P 
Total 206,628 ' 222,095 г 218,192 " 220,948 ' 221,050 P 
Bulgaria* 110,000 105,000 105,000 105,000 105,000 
Burma, leaching, electrowon 13,900 ~- 3,500 12,000 12,000 € 
Canada: 
Concentrates 594,749 605,399 493,700 522,000 565,200 
Leaching, electrowon 1,500 1,600 800 3,000 1,000 
Total 596,249 606,999 494,500 525,000 566,200 
Chile? 2 225000 ^ ^ 566200 — 


Chile: 


Country 2007 2008 2009 2010 2011 
Argentina 180,200 156,893 143,084 140,318 116,829 
cil M ———————— 
—_о о 23,6000°_ 


Armenia 17,600 ° 18,800 23,233 г 31,062 ' 33,600 < 
Australia:* 
Concentrates 828,000 833,000 831,000 856,000 922,300 
Leaching, electrowon 42,000 53,000 23,000 14,400 35,600 
Total 870,000 886,000 854,000 870,000 958,000 
Bolivia 606 731 882 2,063 4,176 


24,000 29,000 27,700 31,000 30,000 
о 2000 _ 


Concentrates 3,724,900 3,356,600 3,276,900 3,330,400 3,238,000 
Léaching, electrowon 1,832,100 1,971,000 2,117,500 2,088,200" 2,024,800 
Total 5,557,000 5,327,600 5,394,400 5,418,600" 5,262,800 
China оо —— 
Concentrates 928,000 1,070,000 1,040,000 1,160,000 1,270,000 
Leaching, electrowon 18,000 20,000 25,000 35,000 35,000 
Total 946,000 1,090,000 1,070,000 1,200,000 1,310,000 
Colombia 1,050 1,310 1,420 1,000 1,000 
Congo (Kinshasa):* 
Concentrates* 117,000 ' 185,000 ' 178,000 ' 160,000 : 160,000 
Leaching, electrowon 32,099 44,742 167,000 € 270,000 ' 360,000 * 
___ Тога!“ 149,000 ' 230,000 ' 345,000 ' 430,000 ' 520,000 
Cyprus, leaching, electrowon* 300 300 300 300 300 
Dominican Republic = 2,600 11,500 9,200 11,700 
Finland 13,646 13,440 14,600 14,700 14,700 
Georgia? __ 11,000 11,000 11,000 6,100 8,000 
India 33,900 30,600 29,500 33,000 32,000 
Indonesia‘ 796,900 632,600 998,530 878,376 ' 543,000 
Iran: 
Concentrates 237,000 ' 241,000 256,000 ' 249,000 ' 249,000 
Leaching, electrowon 8,000 7,000 ' 7,000 7,000 10,000 
Total 245,000 ' 248,000 € 263,000 ' 256,000 ' 259,000 
Kazakhstan _ 440,000' 465,0007 455,000" 427,000" 417,000 
Korea, North? 12,000 12,000 12,000 12,000 12,000 
Korea, Republic of 6 4 14 9 10° 
Laos: 
Concentrates -- 24,029 54,019 67,806 60,000 
Leaching, electrowon 62,541 64,075 67,561 64,241 79,000 
маш === 62,541 89,004 121,580 132,047 139,000 
Macedonia — 7,400 8,400 7,600 7,900 7,900 * 
Mauritania 31,956 33,073 35,000 37,000 35,281 
Mexico: 
Concentrates 276,530 214,644 170,597 190,136 307,600 
Leaching, electrowon 58,972 53,975 57,151 80,000 * 136,000 
Total — 335,502 268,619 227,748 270,136 443,600 
Mongolia 130,160 126,800 129,800 124,985 ' 121,590 
Morocco ~~~ 5,572 5,600 11,800 11,200 12,000 
Namibia 6,580 7,471 = – 3,600 • 
Pakistan ~~~ 18,800 18,700 18,500 18,000 19,000 
See footnotes at end Ош 
СОРРЕВ—2011 20.19 
7 ===: 
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COPPER: WORLD MINE PRODUCTION, BY COUNTRY"? 


Country 
Papua New Guinea 
Peru: 
Concentrates 
Leaching, electrowon 
Total 
Philippines 
Poland 
Portugal 
Romania”? 
Russia‘ 
Saudi Arabia 
Serbia 
South Africa 
Spain: 
Concentrates 
Leaching, electrowon 
Total 
Sweden 
Tanzania, in concentrates and bullion 
Turkey*? 
United States: 
Concentrates 
Leaching, electrowon 
Total 
Uzbekistan‘ 
Vietnam 
Zambia: 
Concentrates 
Leaching, electrowon 
Total 
Zimbabwe, concentrates 
Grand total 
Of which: 
Concentrates 
Leaching, electrowon 
"Estimated. "Preliminary. "Revised. -- Zero. 


TABLE 20—Continued 


a Ad!———— A —— À—  — 


(Metric tons) 

2007 2008 2009 
169,184 159,650 166,700 
1,018,156 1,107,789 1,113,454 ' 

172,118 160,078 162,795 : 
1,190,274 1,267,867 1,276,249 ' 
22,862 21,235 49,060 
452,000 429,000 439,000 
90,247 89,504 ' 86,500 ' 
22136 2,000 1,000 
740,000 750,000 676,000 
750 * 1,465 1,719 : 
16,500 18,800 19,000 
97,000 108,700 107,600 
6,508 ' 7,067 ' 15,400 
- = 5,600 
6,508 ' 7,067 ' 21,000 
62,800 57,220 54,602 
3,275 2,852 2,319 
81,000 100,000 105,000 
665,000 801,000 705,000 
504,000 507,000 476,000 
1,170,000 1,310,000 1,180,000 
95,000 95,000 95,000 
12,500 11,800 11,300 
341,000 372,000 ' 557,000 
168,000 162,000 € 141,000 ' 
509,000 534,000 '- 698,000 ' 
2,681 2,827 3,572 
15,500,000 — 15,600,000 — 16,000,000 ' 
12,600,000 — 12,600,000" 12,800,000 € 
2,910,000 3,050,000 3,260,000 ' 


2010 
159,800 


1,094,123 € 
153,022 ' 
1,247,145 ' 
58,412 
425,400 
74,426 ' 
1,000 
703,000 
1,603 ' 
19,000 • 
102,600 


25,800 ' 
28,500 ' 
54,300 " 
75,977 
5,326 
97,000 


679,000 
430,000 
1,110,000 
90,000 
11,300 


540,000 
146,000 * 
686,000 ' 
5,000 =° 
16,100,000 * 


12,800,000 ' 
3,340,000 ' 


2011 
130,465 


1,094,930 
140,234 
1,235,164 
63,700 
426,700 
82,200 
1,000 
713,000 
1,600 * 
29,300 
96,600 


26,300 
42,100 
68,400 
81,205 
5.400 * 
95,000 


666,000 
447,000 
1,110,000 
95,000 
11,000 


524,000 
144,000 
668,000 
5.000 * 
16,100,000 


12,700,000 
3,470,000 


1 : 
World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


Table represents copper content b 


otherwise noted. Table includes data available through July 28, 2012. 


*Reported by Comisién 
produced from domesti 


^Recoverable content. 


*Excludes copper content of pyrite. 
SReported figure. 
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y analysis of concentrates produced (includes cement copper, if applicable), except where 


Chilena del Cobre. Includes recoverable copper content of nonduplicative mine and metal products 
€ ores and concentrates and leach production for electrowinning. 
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TABLE 21 
COPPER: WORLD SMELTER PRODUCTION, BY COUNTRY”? 


COPPER—2011 


(Metric tons, gross weight) 
________Сошу ^ 207 о 20 — 39 ar 
Armenia, primery бо 6480 688 — 1647 ag 
Australia, primary 399,000 449,000 422,000 410,000 442,000 
Austria, secondary 80,200 94,200 90,800 92,200 92,200 P 
Belgium, secondary 115,000 * 124,500 114,400 118,600 112,900 
Botswana, primary? 19,996 23,146 24,382 24,000 * 16,100 
Brazil: 
Primary 178,380 ' 191,008 ' 193,899 ' 177,800 ' 178,000 Р 
Secondary" 40,000 39,000 € 31,000 47,100 48,000 Р 
Total 218,380 ' 230,008 : 224,899 ' 225,500 ' 226,000 Р 
Bulgaria: 
Primary 217,600 257,100 256,200 265,000 265,000 * 
Secondary 11,500 21,200 20,000 19,600 23,000 
Total 229,100 278,300 276,200 284,600 288,000 * 
Canada: 
Primary 470,713 443,798 316,510 318,000 305,000 P 
Secondary 46,101 41,777 29,733 31,800 25,000 P 
Total 516,814 485,575 346,243 349,800 330,000 P 
Chile, primary 1,514,300 1,369,200 1,522,300 1,559,800 1,364,200 
China:° 
Primary 2,110,000 2,500,000 2,700,000 2,800,000 3,100,000 
Secondary 800,000 870,000 1,100,000 1,300,000 1,600,000 
Total 2,910,000 3,370,000 3,800,000 4,100,000 4,700,000 
Congo (Kinshasa), primary, electrowon 1,800 -- -- -- -- 
Finland: = 
Primary 141,000 172,354 137,710 149,000 * 156,000 • 
Secondary? 2,000 2,000 2,000 2,000 2,000 
^. Total 143,000 174,354 139,710 151,000 * 158,000 * 
Germany: 
Prim 270,200 295,000 286,300 378,700 346,200 Р 
Secondary 273,400 293,300 247,500 212,400 218,000 P 
Total 543,600 588,300 533,800 591,100 564,200 Р 
India: 
Primary 700,000 651,000 705,100 654,000 670,000 
Secondary 15,000 11,000 10,000 9,000 ' 7,000 
Total 715,000 662,000 715,100 663,000 ' 677,000 
Indonesia, primary 271,100 253,300 295,900 276,800 280,000 
Iran: 4 
Primary 180,000 180,000 193,000 190,000 185,000 
Secondary _ 70,000 68,000 67,000 91,000 ' 85,000 
___ Total 250,000 248,000 260,000 281,000 ' 270,000 
Japan: 
__Primary 1,367,310 1,366,310 1,297,943 1,382,700 1,168,284 
Secondary 245,208 259,060 243,859 260,200 269,748 
Total 1,612,518 1,625,370 1,541,802 1,642,900 1,438,032 
Kazakhstan, undifferentiated 392,834 392,575 332,854 ' 318,637 ' 320,000 * 
Korea, North, undifferentiated? 15,000 15,000 15,000 15,000 15,000 
Korea, Republic of: 
Primary" 470,000 502,000 455,000 476,000 449,000 
Зесопдагу“ 45,000 42,000 44,200 ' 65,200 ' 90,000 
Total 515,000 544,000 499,200 € 541,200 ' 539,000 
__Primary 222,600 200,200 153,700 117,400 ' 160,000 
Secondary" 5,000 5,000 5,000 5,000 5,000 
Total 227,600 205,200 158,700 122,400 ' 165,000 
Namibia, primary 20,600 =° 16,271 21,543 ' 31,900 ' 43,800 | 
Oman, primary 13,940 11,906 12,000 ° 14,000 14,000 


See footnotes at end of table. 
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TABLE 21—Continued 
COPPER: WORLD SMELTER PRODUCTION, BY COUNTRY"? 


(Metric tons, gross weight) 
_______ Сању м 208 20092002 
Pakistan, primary" 18,200 17,800 17,500 17,000 16,500 
Peru, primary 236,809 ' 306,584 ' 325,782 ' 312,968 299,004 
Philippines, primary 220,000 239,700 230,100 216,200 205,000 
Poland: 
Primary 438,100 438,600 427,800 452,200 ' 449,000 
Secondary 39,800 ' 43,800 ' 68,800 94,300 ' 88,700 
Total 477,900 ' 482,400 ' 496,600 546,500 ' 537,700 
Russia: 
Primary 650,000 630,000 580,000 590,000 600,000 
Secondary 290,000 235,000 220,000 240,000 250,000 
Total 940,000 865,000 800,000 830,000 850,000 
Serbia: 
Primary 30,200 31,900 27,000 ' 20,000 ' 31,900 
Secondary 1,000 1,000 1,000 1,000 1,000 
Total 31,200 32,900 28,000 ' 21,000 ' 32,900 
Slovakia, secondary 20,600 * 27,500 34,200 46,500 48,800 
South Africa, primary 111,900 94,800 86,900 75,900 82,000 ° 
Spain: 
Primary 258,291 ' 259,900 ' 260,000 "© 236,000 ' 231,300 
Secondary" 10,000 " 10,000 ' 10,000 : 19,000 ' 21,700 
Total 268,291 ' 269,900 ' 270,000 ' 255,000 ' 253,000 
Sweden: 
Primary 132,500 128,500 126,000 137,000 155,000 
Secondary 46,500 53,800 39,600 42,000 44,000 
Total | 179,000 182,300 165,600 179,000 199,000 
Thailand: 
Primary —— 000 11,900 _ " _ n 
. Seonday OZO OZO O O OOOO 814 438 ' 490 ' 490 ' 500 * 
Тога! 12,714 438° 490 ' 490 ' 500 • 
Turkey, undifferentiated^? — — — — — 30,000 35,000 30,000 30,000 30,000 
United States, undifferentiated — — — — 617,000 574,000 597,000 601,000 538,000 
Uzbekistan, undifferentiated — — — — — 92,000 92,000 92,000 92,000 92,000 
Vietnam, primary? — — — 11,000 6 2,200 6,000 8,000 8,000 
Zambia, primary — — 5  — 224,000 232,000 • — 334,000 490,000 511,000 
_Grandtotal:  14200,000° 14,600,000" 14,900,000" — 15,500,000 * — 15,800,000 
Of which 
Primary: 
Electrowon 1,800 == E € -- 
Other 10,900,000" 11,300,000 — 11,400,000 — 11,800,000 — 11,700,000 
Secondary 2,160,000" 2,240,000" 2,380,000" 2,700,000" 3,030,000 
Undifferentiated 1,150,000 1,110,000 1,070,000 " 1,060,000" 995,000 
"Estimated. "Preliminary. "Revised. -- Zero. 
'World totals, 


Bus U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
б, 15 =. Pss total production of smelted copper metal, including low-grade cathode produced by electrowinning methods. 
е smelter teed may be derived from ore, concentrates, copper precipitate or matte (primary), and (or) scrap (secondary). To 


the extent possible, primary and secondary output of each country is shown separately. In some cases, total smelter production 
is officially reported, but the distribution betw. 


een primary and secondary h | i ilable 
through July 28, 2012. ary ary has been estimated. Table includes data availa 
ЗСоррег content of nickel-copper matte ex 


kel ported to Norway for refining. 
ata are for year beginning March 21 of that stated. 


5 
Secondary production is estimated to be about one-thi 

-third of total. 
‘Reported figure. ш 
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TABLE 22 
COPPER: WORLD REFINERY PRODUCTION, BY COUNTRY"? 


(Metric tons) 
Country м м a "án 
Argentina, secondary? eoo 1600 Сб су та 
Australia, primary: 
Electrowon 42,000 53,000 23,000 14,400 € 35,600 
Other 400,000 450,000 423,000 410,000 € 441,200 
Total С 442000 503000 446000 4244007 476800 ^ 
Austria, secondary 81,400 106,700 96,200 113,700 112,500 
Belgium: 
Primary? 228,500 233,100 220,600 216,000 226,200 
Secondary 165,600 162,700 153,100 165,000 168,000 
Total 394,100 395,800 373,700 381,000 394,200 
Brazil: 
Primary: Ы 
Electrowon 900 3,800 6,500 7,400 4,300 P 
Other 178,380 ' 191,008 ' 193,899 177,800 173,500 Р 
Total 179,280 ' 194,808 : 200,399 185,200 177,800 ? 
Secondary 40,000 ' 39,000 ' 31,000 47,700 50,400 P 
Total, primary and secondary 219,280 " 233,808 ' 231,399 232,900 228,200 P 
Bulgaria: 
Primary 64,400 114,200 183,600 195,400 201,500 
Secondary* 5,700 12,600 13,200 19,600 25,000 
Total* 70,100 127,000 197,000 215,000 227,000 
Burma, primary, electrowon 13,900 г -- 3,500 : 12,000 * 12,000 * 
Canada: 
Primary: 
Electrowon 1,500 1,600 800 3,200 1,000 
Other 405,500 398,400 304,496 283,700 247,000 
Total 407,000 400,000 305,296 286,900 248,000 
Secondary 46,000 42,000 30,600 32,000 25,800 
Total, primary and secondary 858,500 840,400 640,392 602,600 520,800 
Chile, primary: 
Electrowon 1,832,100 1,971,000 2,117,500 2,088,500 2,024,800 
_ Other 1,104,400 1,086,600 1,159,100 1,155,400 1,067,600 
Total 2,936,500 3,057,600 3,276,600 3,243,900 3,092,400 
China: 
Primary: 
Electrowon 18,200 г 16,600 ' 17,000 24,000 * 30,000 
___Other 2,280,000 2,680,000 2,750,000 2,950,000 3,390,000 
Total _ 2,300,000" 2,700,000" — 2,770,000 2,970,000" 3,420,000 
Secondary 1,200,000 1,200,000 1,400,000 1,700,000 1,850,000 
Total, primary and secondary 3,500,000 * 3,900,000 * 4,170,000 4,670,000 * 5,270,000 
Congo (Kinshasa), primary, electrowon 6,697 " 38,632 166,917 * 262,401 ' 355,000 * 
Cyprus, primary, electrowon 2,900 2,986 2,380 2,400 * 2,400 * 
Egypt, secondary 2,664 2,842 3,000 3,000 * 3,000 * 
Finland: 
Primary 100,987 127,952 95,549 108,700 ' 107,600 
E UU M LE ME EC 10,000 10,000 10,000 4,000 ' 9,000 
Total® ___111,000 ^ 138,000 ^ 106000 _____113,000" 117,000 
Gays —VC———Ó——— Á—— —Á арр 
Primary 301,702 300,470 290,200 401,900 ' 401,200 Р 
Secondary 363,815 389,300 378,745 302,400 ' 308,000 Р 
Ta o ee _ 665,517 689,770 668,945  704300' 709200? 
Нипрагу, secondary* 10,000 ds ВЕ ы M 
dd: OO —— 
—Püman,ekcmolyio ^^ 698600 654,200 705,100 654,900 671,100 
Secondary* 15,000 15,000 10,000 9,000 ' 2,000 


otal‘ 
Indonesia, primary 277,000 254,000 289,200 278,200 257,000 
Son ee 277,000 X 254000 à 289200 A 278200 257000 _ 
See footnotes at end of table. 
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COPPER: WORLD REFINERY PRODUCTION, BY COUNTRY"? 


(Metric tons) 
Country 2007 2008 2009 2010 2011 
Iran: 
Primary: 
Electrowon 8,000 7,000 7,000 7,000 10,000 
Other 145,000 ' 140,000 150,000 143,000 149,000 
Total 153,000 ' 147,000 157,000 150,000 159,000 
Secondary 55,000 € 53,000 53,000 70,000 68,000 
Total, primary and secondary 208,000 ' 200,000 210,000 220,000 227,000 
Italy, secondary 28,600 * 24,200 6,500 2,000 € 2,000 
Japan: 
Primary 1,369,814 1,328,157 1,238,012 1,333,800 1,094,400 
Secondary 207,004 211,681 201,831 214,900 233,238 
Total 1,576,818 1,539,838 1,439,843 1,548,700 1,327,638 
Kazakhstan, primary 406,800 ' 398,411 312,767 ' 323,368 ' 338,346 
Korea, North, primary" 15,000 15,000 15,000 15,000 15,000 
Korea, Republic of: 
Primary 536,467 496,325 € 490,601 ' 520,900 ' 549,347 
Secondary 45,000 41,600 ' 41,100 ' 43,700 ' 46,100 
Total 581,467 537,925 531,701 564,600 595,447 
Laos, primary, electrowon 62,541 64,075 67,561 64,241 78,900 
Mexico: 
Mexico: — — — — |» 
Primary: 
=: с 107,000 74,500 65,700 85,6007 136,000 ° 
Other 238,900 215,500 190,000 156,600 ' 259,200 
——M——————————— , 9 » > 
Total 345,900 290,000 256,000 242.200 ' 395,000 * 
—Seonday ——— — 6,000 6,000 5,000 5,100 ' 5,000 
— Total, primaryandsecondar || 352,000 296,000 261,000 247,000" 400,000 
Mongolia, primary, electrowon 3,007 2,587 2,470 2,750 2,390 
Norway, primary"? 43,000 4 32,000 4 30,000 40,000 ' 40,000 
Oman, primary" 14,000 12,000 12,000 14,000 14,000 
Peru, primary: 
Electrowon 172,118 160,078 162,795 € 153,022 140,234 
E a ee es ONTO 303,855 260,618" 240,616 227,320 
Е. 413,907 463,933 423,413" 393,638 367,554 
р рптагу 160,200 174,600 178,000 176,000 ' 164,000 
oland: р 
ее —————————————————— | 
my 493,200 483,000 433,600 452,700 481,800 
солу 39,800 43,800 68,800 94,300 89,000 
eee 
E _ 15,584 10,323 3,000 3,000 * 3,000 ° 
um 3,000 3,000 1,000 1,000 1,000 
Бе =т= ————————— р. — — 18,600 13,300 4,000 4,000 4000 
Primas ^ о о о ое ——_ 
—Seenday шаш зы шш ——— 650,000 610,000 612,000 656,000 660,000 | 
“хош о ——— 289,000 250,000 250,000 218,000 230,000 
Serbia: — 939,000 ^ 860,000 862,000 874,000 890,000 * _ 
Primary —————————— 
ary 
B CUIRE 30,600 32,800 27,000 ' 20,000 ' 28,300 
Бли a ИИ 1,000 1,000 1,000 1,000 1,000 
а 31,600 33,800 28.000 г 21.000 © 29,300 
South Africa, primary 113,166 92.972 453" 129! 80,000 * 
See footnotes at end of table. d ! 89,453 81, | 
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Primary: 
— LLL 


Electrowon 
Other 


um пази ННН 
Тога! 


Secondary? 


Total, primary and зесопдагу“ 
Sweden: — 7 — 
_Рішау Oo aaa 
Secondary ~~ 
Total 


Taiwan, secondary" 
Thailand: 


Ukraine, secondary* 
United States: 
Primary: 
Electrowon 
Other 
Total 
Secon 
Total, primary and secondary 
Uzbekistan, primary 
Vietnam, primary* 
Zambia, primary: 
Electrowon? 


eee 
Other 
eee 


Total 


Ж ыры La e a 
Zimbabwe, primary* I 
Grand total 


Electrowon SENE 
Other | 
Total 
5 


есопдагу 
“Estimated. "Preliminary. ‘Revised. — Zero. 


TABLE 22—Continued 
COPPER: WORLD REFINERY PRODUCTION, BY COUNTRY? 


(Metric tons) 


243,000 
243,000 

65,000 
308,000 


175,500 
38,500 
214,000 
4,500 


11,900 
814 


257,000 
257,000 

62,000 
319,000 


184,674 
43,100 
227,774 
4,500 


5,600 
250,200 
255,800 

73,000 
329,000 


164,759 
41,000 
205,759 
4,500 


28,500 
236,000 
264,500 

82,900 
347,000 


150,497 
40,000 * 
190,000 © 

4,500 


— 


490 © 


42,100 * 
225,700 P 
268,000 * 

86,000 
354,000 


179,316 
40,000 * 
219,000 * 

4,500 


500 * 


12,714 438 490 490° 500 * 
S00 


94,600 

5,000 
99,600 
20,000 


504,000 
764,000 
1,270,000 
46,000 
1,320,000 
89,655 
11,000 ^^ 


200,000 
230,000 
430,000 
6,798 4 
17,900,000 


2,980,000 
12,100,000 
15,100,000 
2,810,000 * 


83,000 

5,000 
88,000 
20,000 


507,000 
713,000 
1,220,000 
53,800 
1,270,000 
71,000 
2,200 ^^ 


175,000 
240,000 
415,000 
3,072 ^ 
18,300,000 


3,080,000 
12,400,000 
15,500,000 
2,820,000 ' 


30,000 

4,000 
34,000 
20,000 


476,000 
636,000 
1,110,000 
46,400 
1,160,000 
80,000 
6,000 


145,400 ^ 
269,000 * 
414,400 * 
3.000 
18,300,000 " 


3,270,000 ' 
12,100,000 
15,400,000 
2,960,000 ' 


50,000 

5,000 
55,000 
20,000 


430,000 
627,000 
1,060,000 
37,700 
1,100,000 
90,000 
8,000 ' 


160,000 
370,000 
530,000 
5,000 
19,100,000 


3,350,000 ' 
12,500,000 
15,900,000 * 
3,250,000 * 


"World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
is table includes total production of refined copper whether produced by pyrometallurgical or electrolytic refining methods and whether 
derived from primary unrefined copper or from scrap. Copper cathode derived from electrowinning processing is also included. Table includes 


data available through July 28, 2012. 


3 
Includes reprocessed leach cathode from Congo (Kinshasa). 
„Reported figure. 

May include secondary. 


Electrowon covers only high-grade electrowon cathodes reported as “finished production leach cathodes.” 
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80,000 

5,000 
85,000 
20,000 


447,000 
545,000 
992,000 
37,300 
1,030,000 
90,000 < 
8,000 


146,000 
370,000 
216,000 
5,000 
19,700,000 


3,470,000 
12,800,000 
16,300,000 
3,440,000 


20.25 


DIAMOND, INDUSTRIAL 
By Donald W. Olson 


Domestic survey data and tables were prepared by Connie Lopez, statistical assistant, and the author. The world production 
tables were prepared by Glenn J. Wallace, international data coordinator. 


In 2011, U.S. synthetic diamond production was estimated to 
be 98.2 million carats (Mct) with an estimated value of $67.1 
million. U.S. imports of natural and synthetic industrial diamond 
bort, dust, grit, powder, and stone totaled about 729 Mct valued 
at almost $146 million, while exports totaled more than 148 Mct 
valued at almost $70.4 million. The estimated U.S. apparent 
consumption of industrial diamond bort, dust, grit, powder, and 
stone totaled 714 Mct with an estimated value of $161 million. 
Total industrial diamond output worldwide was estimated by 
the U.S. Geological Survey (USGS) to be about 4.51 billion 
carats valued between $1.65 and $2.50 billion. This was the 
combination of more than 135 Mct natural industrial diamond 
and about 4.38 billion carats synthetic industrial diamond. 

Diamond is best known as a gemstone, but some of its 
unique properties make it ideal for many industrial and research 
applications as well. Current information on gem-grade 
diamond can be found in the USGS Minerals Yearbook, volume 
I, Metals and Minerals, chapter on gemstones. Diamond that 
does not meet gem-quality standards for clarity, color, shape, 
or size is used as industrial-grade diamond. Total production 
and consumption quantities and values in table 1 are estimated 
based on past and current reported data. Trade data in this 
report are from the U.S. Census Bureau. All percentages in the 
report were computed using unrounded data. The USGS does 
not conduct surveys of either domestic polycrystalline diamond 
(PCD) producers or domestic chemical vapor deposition (CVD) 
diamond producers for quantity or value of annual production. 
Also, trade and consumption quantity or value data are not 
available for PCD or for CVD diamond. 


Production 


The USGS conducts an annual survey of domestic industrial. 
diamond producers and U.S. firms that recover diamond wastes. 
Although most of these companies responded to the 2011 
survey, one of the three industrial diamond recycling firms 
did not report data deemed to be proprietary. To protect the 
proprietary data of other producers and recyclers, only estimates 
of U.S. primary and secondary output are provided in this 
review. 

As one of the world’s leading producers of synthetic industrial 
diamond, the United States accounted for an estimated output of 
98.2 Mct valued at more than $67.1 million in 2011. Only two 
U.S. companies produced synthetic industrial diamond during 
the year—Diamond Innovations, Inc. (Worthington, OH) and 
Mypodiamond, Inc. (Smithfield, PA). 

In 2011, at least eight U.S. companies also manufactured PCD 
from synthetic diamond grit and powder. These companies were 
Dennis Tool Co. (Houston, TX), Diamond Innovations, Novatek 
Inc. (Provo, UT), Precorp Inc. (Provo), Sii MegaDiamond Inc. 
(Provo), Tempo Technology Corp. (Somerset, NJ), US Synthetic 
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Corp. (Orem, UT), and Western Diamond Products LLC (Salt 
Lake City, UT). 

In 2011, Apollo Diamond, Inc. (Boston, MA) ceased 
manufacture of single-crystal CVD diamond for gemstone and 
industrial use. The single-crystal CVD diamond was grown 
using a method Apollo Diamond developed and patented in the 
early 2000s in which the CVD technique transforms carbon 
into plasma, which then is precipitated onto a substrate as 
diamond. On August 31, 2011, SCIO Diamond Technology, 
Corp. acquired the diamond growing machines and the related 
intellectual property rights from Apollo Diamond. On June 5, 
2012, SCIO Diamond Technology acquired cultured diamond 
gemstone-related technology, inventory, and various intellectual 
property rights from Apollo Diamond Gemstone Corp. 

SCIO Diamond Technology transferred all diamond growing 
equipment to their labs in Greenville, SC, and planned to begin 
manufacturing single-crystal CVD diamonds during 2012 
(Yahoo Finance, 2012). 

During 2011, an estimated 35 Mct of used industrial diamond 
worth about $17.7 million was recycled in the United States. 
Recycling firms recovered most of this material from used 
diamond drill bits, diamond tools, and other diamond-containing 
wastes. Additional diamond was recovered during the year from 
residues generated in the manufacture of PCD. 

The recovery and sale of industrial diamond was the principal 
business of three U.S. companies in 2011— Industrial Diamond 
Laboratory, Inc. (Bronx, NY), International Diamond Services 
Inc. (Houston, TX), and National Research Co. (Fraser, MI). 

In addition to these companies, other domestic firms may have 
recovered industrial diamond in smaller secondary operations. 

No diamond mines commercially operated in the United 
States during 2011. The last commercially operated diamond 
mine in the United States closed in 2002 and was fully 
reclaimed. 


Consumption 


Diamond is the hardest known material and has the highest 
thermal conductivity of any material at room temperature 
Diamond is more than twice as hard as its nearest competitors 
cubic boron nitride and silicon nitride. Because it is the | 
hardest substance known, diamond has been used for centuri 
as an abrasive in cutting, drilling, grinding, and polishin i 
Industrial-grade diamond continues to be used as an ШО 
for many applications. Even though it has a higher unit co и 
diamond has proven to be more cost-effective in man a stri 
processes because it cuts faster and lasts longer than ff кч 
abrasive materials (Boucher, 1997, р. 26.6). Diamond ај — 
has chemical, electrical, optical, and thermal characteri | у 
that make it the best material available to industry ee si 
and corrosion-resistant coatings, special lenses, heat rea 
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electrical circuits, wire drawing, computing, and other advanced 
technologies. 

Both synthetic and natural diamonds have industrial uses. 
Synthetic industrial diamond is superior to its natural diamond 
counterpart because its properties can be tailored to specific 
applications, and it can be produced in large quantities. For 
these reasons, synthetic diamond accounted for about 97% by 
weight of the industrial diamond used in the United States and 
about 97% by weight of the industrial diamond used in the 
world during 2011. 

The United States remained the world’s leading market for 
industrial diamond in 2011. Based on production estimates and 
trade data, U.S. apparent consumption of industrial diamond 
during the year increased 17% to an estimated 714 Mct valued 
at $161 million compared with 612 Mct valued at $150 million 
in 2010. This increase was owing to industrial sectors that 
consume industrial diamond beginning to recover from the 
negative impacts of the economic recession. The apparent 
consumption was the combination of 23.4 Mct of natural 
industrial diamond valued at $58.5 million and 690 Mct of 
synthetic industrial diamond valued at $102 million. By type, 
the apparent consumption was the combination of 619 Mct of 
diamond bort, grit, dust, and powder valued at $41.1 million and 
95 Mct of diamond stone valued at $120 million. 

The major consuming industries of industrial diamond in 
the United States during 2011 were construction, machinery 
manufacturing, mining services (exploration drilling for 
minerals, natural gas, and oil), stone cutting/polishing, and 
transportation systems (infrastructure and vehicles). Within 
these sectors, stone cutting and highway building/repair, 
combined, made up the largest demand for industrial diamond. 
Research and high-technology uses included close-tolerance 
machining of ceramic parts for the aerospace industry, heat 
sinks in electronic circuits, lenses for laser radiation equipment, 
polishing of silicon wafers and disk drives, and other 
applications in the computer industry. | 

Diamond tools have numerous industrial functions. Diamond 
drilling bits and reaming shells are used principally for 
minerals, natural gas, and oil. Other applications of diamond 
bits and reaming shells include foundation testing, masonry 
drilling, and inspecting concrete. The primary uses of point 
diamond tools are for dressing and truing grinding wheels 
and for boring, cutting, finishing, and machining applications. 
Beveling glass for automobile windows 15 another application. 
Cutting dimension stone and cutting/ grooving concrete in 
highway reconditioning are the main uses of diamond saws; 
other applications include cutting composites and forming 
refractory shapes for furnace linings. Very fine diamond saws 
are used to slice brittle metals and crystals into thin wafers 
for electronic and electrical devices. Diamond wire dies are 

‘al for high-speed drawing of fine wire, especially from 
essentia 15 and alloys. The primary uses of 
hard high-strength metals an ys. о 

oe . dina wheels include edging plate glass, grinding 
diamond grinding optical i truments, and sharpening and 
dies, grinding parts for optical instruments 
shaping E —Á "re used by industry—diamond 

Two types ot n2 than 60 mesh/250 micrometers) and 
stone (generally larger ted material). Diamond stone 
diamond bort (smaller, fragmen 
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is used mainly in drill bits and reaming shells used by mining 
companies; it also is incorporated in single- or multiple-point 
diamond tools, diamond saws, diamond wheels, and diamond 
wire dies. Diamond bort is used for drill bits and as a loose 
grain abrasive for polishing. Other tools that incorporate natural 
diamond include bearings, engraving points, glass cutters, and 
surgical instruments. | 

Synthetic diamond grit and powder are used in diamond 
grinding wheels, saws, impregnated bits and tools, and as а 
loose abrasive for polishing. Diamond grinding wheels can be as 
large as 1 meter in diameter. 

Loose powders made with synthetic diamond for polishing 
are used primarily to finish cutting tools, drill bits, gemstones, 
jewel bearings, optical surfaces, reaming shells, silicon wafers, 
and wire-drawing dies for computer chips. Hundreds of other 
products made from ceramics, glass, metals, and plastics also 
are finished with diamond powders. 

Two types of PCDs used by industry are polycrystalline 
diamond compacts (PDCs) and polycrystalline diamond shapes 
(PDSs). The use of PDCs and PDSs continues to increase for 
many of the applications cited above, including some of those 
that employ natural diamond. PDCs and PDSs are used in the 
manufacture of single- and multiple-point tools, and PDCs are 
used in a majority of the diamond wire-drawing dies. 

Since its introduction in the mid-1980s, CVD diamond 
has seen strong growth and is being increasingly accepted by 
multiple industries as an enhanced material of choice owing to 
its properties of exceptional strength, durability, stiffness, high 
thermal conductivity, and electrical isolation. The global market 
value of industrial diamond and diamond-like films and coatings 
was estimated to have been more than $905 million in 2010, and 
was expected to increase to more than $1.7 billion by 2015. 

Early applications for CVD diamond focused largely 
around thin- and thick-film PCD for cutting tools and dressing 
applications because of the mechanical properties of diamond. 
Newer applications that take advantage of CVD diamond’s 
mechanical properties include wear parts, such as watch gears 
and chemical mechanical polishing pad conditioners. Diamond 
has tremendous potential for electronics applications because 
it significantly improves upon current strategies for thermal 
management while remaining highly cost-competitive with 
other approaches. CVD diamond is used in microelectronic 
components, such as high-speed processors, medical devices, 
wide bandgap radio frequency (RF) devices, power conversion 
devices, and opto-electronic devices (light emitting diodes, 
laser diodes) that generate exceptionally high heat densities 
requiring innovative approaches to thermal management. In 
the manufacture of semiconductors, wafer scale diamond 
offers enhanced mechanical properties, such as significantly 
higher stiffness, strength, hardness, thermal conductivity, 
and chemical inertness than silicon and most other thin-film 
materials, which are commonly used. Diamond coatings are 
finding increasing use in electronic applications because | 
the high thermal conductivity of diamond (10 times that o 
silicon). Micro-electro-mechanical systems (MEMS), such pa 
RF MEMS resonators, have design needs that offer a competi E 
case for the use of diamond as a base material because of | 
superior properties (high Young’s Modulus and its durability 
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in harsh environments). Researchers are investigating the use 
of boron-doped diamond (BDD) electrodes for water treatment 
owing to diamond’s potential as an environmentally friendly, 
high performance electrode material. BDD electrodes have 
many characteristics that make them ideal for eliminating 
organic contaminants from water (Zimmer, 2011). 

Historically, diamond has been perceived as an expensive 
material. Advances in CVD diamond manufacturing such as 
the development of microwave carbon plasma technology and 
the development of higher-throughput hot filament (HF) CVD 
diamond reactors have significantly reduced diamond costs. 
This led many industries to revisit development activities and 
actively pursue the use of CVD diamond for a growing number 
of applications (Zimmer, 2011). 

In addition to the existing opportunities for their cultured 
diamond gemstones, SCIO Diamond Technology was 
developing projects using single-crystal CVD diamond 
materials in high-voltage power switches, lasers, quantum 
communications and computing, and water treatment and 
purification. SCIO Diamond Technology thought that these 
projects could translate into $1 billion-plus market opportunities 
and high volume technology applications in the next 2 to 5 years 
(SCIO Diamond Technology, Corp., 2012). 


Prices 


Price increases for natural diamond were driven by strong 
demand at auctions held in all of the global diamond centers. 
This affected prices of industrial diamond as well as gemstone 
diamond. These price increases were a reflection of strong 
demand for the whole range of rough diamonds for industrial 
markets (Roffman, 2011). 
| Natural and synthetic industrial diamonds differ significantly 
in price. Natural industrial diamond normally has a more 
limited range of values, from about $0.49 per carat for bort-size 
material to about $2.50 to $10 per carat for most stones, with 
some larger stones selling for $200 per carat or more. Prices of 
synthetic diamond vary according to size, shape, crystallinity, 
and the absence or presence of metal coatings. In general, 
prices for synthetic diamond for grinding and polishing range 
from as low as $0.26 per carat to $2.50 per carat. Strong and 
blocky material for sawing and drilling sells for $2.50 to $4.00 
per carat. Large, synthetic crystals with excellent structure for 
specific applications sell for several hundred dollars per carat. 
During 2011, U.S. imports of all types of industrial diamond 
had an average value of $0.20 per carat. These imports were 
a combination of imports of diamond bort, grit, and dust and 
powder (natural and synthetic) that had an average value of 
$0.13 per carat and imports of diamond stone (natural and 
synthetic) that had an average value of $19.70 per carat. 


Foreign Trade 


The United States continued to lead the world in industrial 
diamond trade in 2011; imports were received from 32 countries 
and exports and reexports were sent to 33 countries 
(tables 2—5). Although the United States has been a major 
producer of synthetic diamond for decades, expanding domestic 
markets have become more reliant on foreign sources of 
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industrial diamond in recent years. U.S. markets for natural 
industrial diamond have always been dependent on imports and 
secondary recovery operations because natural diamond has not 
been produced domestically. 

During 2011, U.S. imports of industrial-quality diamond 
stones (natural and synthetic) increased by 43% from those of 
2010 to about 2.46 Mct valued at about $48.4 million (table 2). 
The average value of these industrial-quality diamond stone 
imports was $19.70 per carat. Imports of diamond dust, grit, and 
powder (natural and synthetic) increased from those of 2010 to 
726 Mct valued at about $97.7 million (table 3). The average 
value of these industrial diamond dust, grit, and powder imports 
was $0.13 per carat. 

Reexports account for a significant portion of total exports/ 
reexports; therefore, exports and reexports are listed separately 
in tables 4 and 5 so that U.S. trade and consumption can be 
calculated more accurately. During 2011, the United States did 
not export industrial diamond stones, unchanged from 2010. 
U.S. reexports of industrial diamond stone increased by 17% 
from those of 2010 to 1.26 Mct valued at $32.1 million and 
an average value of $25.50 per carat (table 4). U.S. exports 
of industrial diamond dust, grit, and powder (natural and 
synthetic) increased by 32% from those of 2010 to 148 Mct 
valued at $70.4 million and an average value of $0.47 per carat. 
Reexports of industrial diamond dust, grit, and powder (natural 
and synthetic) increased slightly from those of 2010 to 18.5 Mct 
valued at $11.0 million and an average value of $0.60 per carat 
(table 5). 


World Industry Structure 


In 2011, industrial diamond was produced in 27 countries 
(tables 6, 7). Total industrial diamond output worldwide was 
estimated by the USGS to be about 4.44 billion carats valued 
between $1.65 and $2.50 billion. Natural industrial diamond 
production worldwide was estimated to be more than 60.5 
Mct, a slight decrease compared with that of 2010. Congo 
(Kinshasa) was the leading producing country, followed by 
Russia, Zimbabwe, and Australia, in descending order of 
quantity. These four countries produced more than 76% of the 
world’s natural industrial diamond (table 6). Synthetic industrial 
diamond production worldwide was estimated to be more than 
4.38 billion carats, a slight increase compared with that of 
2010. China was the leading producing country, followed by th 
United States, Russia, Ireland, and South Africa, in о ° 
order of quantity. These five countries produced about 98% г 
the world’s synthetic industrial diamond (table 7). = 

In addition to the countries listed in table 7, Germany and th 
Republic of Korea produced synthetic diamond, but s сій ` 
data on their output could not be confirmed. In 20] 1 979 y 
the total global natural and synthetic industrial diamond a 
was produced in China, Ireland, Russia, South Africa rods 
United States. Synthetic diamond accounted for mor " d 
of global diamond production and consumption e 
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producers, in decreasing order of quantity produced, were: 
Russia, producing 33.5 Mct or 25% of total world production; 
Botswana, with 32.0 Mct (2496); Congo (Kinshasa), with 

19.5 Mct (1496); Canada, with 10.8 Mct (896); Angola and 
Zimbabwe, with 9.00 Mct (7%) each; Australia, with 7.59 Mct 
(6%); South Africa, with 7.00 Ме! (5%); and other countries, 
with 6.16 Mct (596) (table 6). 

Worldwide diamond exploration allocations increased in 2011 
after 3 years of declines with 70 companies allocating $449 
million, compared with 99 companies allocating $357 million 
during 2010. This made the diamond share of overall worldwide 
exploration spending 3%. Africa no longer was the most popular 
diamond exploration location, after 7 years in a row of being the 
leading exploration spending spot (Metals Economics Group, 
2011). 

Worldwide in 2011, average diamond values increased 10% 
to $97.67 per carat from the 2010 average value of $88.79 
per carat. This increase was indicated by increases in the U.S. 
markets, which demonstrated increasing quantity and value of 
diamond imports in 2011 compared with those of 2010, and 
improved sales in North America overall (Metals Economics 
Group, 2012). 

Despite higher diamond prices, only two new projects 
were commissioned in 2011. The Kao Mine in Lesotho began 
operation, and the expansion of the Williamson Mine in 
Tanzania was commissioned in December 2011 
(Metals Economics Group, 2012). 

Canada. —Canadian diamond production was about 10.8 
Mct during 2011, a decrease of about 896 compared with that 
of 2010. Diamond exploration continued in Canada, with 
several commercial diamond projects and additional discoveries 
in Alberta, British Columbia, the Northwest Territories, the 
Nunavut Territory, Ontario, and Quebec. In 2011, Canada 
produced 8% of the world's combined natural gemstone and 
industrial diamond output. 

The Ekati Diamond Mine, Canada's first operating 
commercial diamond mine, completed its 13th full year of 
production in 2011. Ekati produced 2.07 Mct of diamond from 
4.60 million metric tons (Mt) of ore. BHP Billiton Ltd. has an 
80% controlling ownership in Ekati, which is in the Northwest 
Territories. Ekati has estimated remaining reserves of 33.9 Mt 
of ore in kimberlite pipes that contain 16.2 Mct of diamond. 
BHP Billiton projected the remaining mine life to be 11 years. 
Approximately 21% of the Ekati 2011 diamond production 15 
industrial-grade material (Perron, 2011, p. 1; BHP Billiton Ltd., 
2012, p. 10). | | 

The Diavik Diamond Mine, Canada’s second diamond mine, 
also located in the Northwest Territories, completed its ninth | 
full year of production. Diavik produces an average of 2 million 
metric tons per year (Mt/yr), grading an average of 1 carats 
per ton. At yearend 2011, Diavik estimated the mine’s remaining 
proven and probable reserves to be 18.9 Mt of ore in kimberlite 
pipes containing 58.9 Met of diamond and projected the total 
mine life to be 16 to 22 years. Diavik began developing an 
underground mine and substantially completed дни on 
the project during 2009. The first ore was produced ps E 
underground mine during the first quarter of 2010, wit x 
production expected in 2013. The mine 1s an unincorpora 
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joint venture between Diavik Diamond Mine Inc. (60%) and 
Harry Winston Diamond Mines Ltd. (40%) (Perron, 2011, p. 2; 
Diavik Diamond Mine Inc., 2012, p. 5). 

Canada’s third diamond mine, the Jericho Diamond Mine 
in Nunavut, was originally owned by Tahera Diamond Corp. 
Tahera estimated the Jericho Diamond Mine’s reserves to be 
about 5.5 Mt of ore grading 0.85 carats per ton. The Jericho 
Diamond Mine experienced startup problems related to ore 
mining and processing. The mine also suffered financial 
problems owing to the cost of transporting supplies to the mine 
site, high operational costs, high oil prices, and appreciation 
of the Canadian dollar versus the United States dollar. All of 
these problems combined to force the company to enter into 
protection under Canada’s “Companies’ Creditors Arrangement 
Act” on January 16, 2008, and the mine suspended production 
on February 6, 2008. At yearend 2009, Tahera was finalizing 
arrangements to sell all of its Jericho Diamond Mine assets 
(Perron, 2011, p. 2). In July 2010, Shear Minerals Ltd. (now 
known as Shear Diamonds Ltd.) announced that it had entered 
into a purchase agreement with Tahera and Benachee Resources 
Inc. to acquire a 100% interest in the Jericho Diamond Mine, 
the mine’s processing facilities, and all supporting exploration 
assets in the Kitikmeot region of Nunavut (Shear Minerals Ltd., 
2010). Shear Minerals completed the acquisition of the Jericho 
Diamond Mine in August 2010 with the intention of bringing 
the mine back into production during 2012 (Shear Minerals Ltd., 
2011). 

The Snap Lake Mine, in the Northwest Territories, is wholly 
owned by De Beers Canada Inc. The Snap Lake deposit is a 
tabular-shaped kimberlite dike rather than the typical kimberlite 
pipe. The dike is 2.5 meters thick and dips at an angle of 12° to 
159, The deposit was mined using a modified room and pillar 
underground mining method in 2011. The Snap Lake Mine 
started mining operations in October 2007, reached commercial 
production levels in the first quarter of 2008, and officially 
opened June 25, 2008. The mine was expected to produce 1.4 
Mct per year of diamond, and the mine life was expected to be 
about 20 years. The mine’s production for 2011 amounted to 
881,000 carats for a recovered grade of 1.2 carats per ton 
(De Beers Canada Inc., 2011; Perron, 2011, р. 2-3; De Beers 
Group Inc., 2012). 

The Victor Mine, in northern Ontario on the James Bay 
coast, also is wholly owned by De Beers Canada. The Victor 
kimberlite consists of two pipes with surface area of 15 hectares 
(37.1 acres). The Victor Mine initiated mining operations at the 
end of December 2007 and was officially opened on July 26, 
2008. The Victor reportedly has 27.4 Mt of ore with average ore 
grade of 0.23 carats per ton estimated minable reserves. At a 
capacity, the open pit mine was expected to produce 600,00 
carats per year, and the mine life was expected to be about 
12 years. In 2011, the mine 's production was 779,000 carats 
recovered from 2.67 Mt of ore (Perron, 2011, p. 3; De Beers 
Group Inc., 2012; De Beers Canada Inc., undated). 

Lesotho.—The Kao Mine, owned by Namakwa Batla 
Diamonds Co., began processing kimberlite ore in late T 
November 2011 and began commercial production 1n eae 
2012. Namakwa expected production of 170,000 carats for 
(Metals Economics Group, 2012). 
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Tanzania.—The refurbishing of the plant at the Williamson 
Mine began in December 2011. The Williamson Mine is 
75% owned by Petra Diamond Ltd. and 25% owned by the 
Government of Tanzania. Petra began operating the newly 
tebuilt plant in March 2012, but was waiting for a secure 
electrical supply before committing to the full expansion to 
mining 10 Mt/yr of ore (Metals Economics Group, 2012, p. 24). 


Outlook 


China is expected to remain the world’s leading producer of 
synthetic industrial diamond, with annual production exceeding 
4 billion carats. The United States is likely to continue to be one 
of the world’s leading markets for industrial diamond into the 
next decade and likely will remain a significant producer and 
exporter of synthetic industrial diamond as well. U.S. industrial 
diamond production, imports, and apparent consumption is 
expected to continue to increase as manufacturing sectors that 
use industrial diamond recover from the negative impact of 
the economic recession that started in mid-2008. U.S. demand 
for industrial diamond is likely to continue in the construction 
sector as the United States continues building and repairing the 
Nation’s highway system. 

Diamond offers many advantages for precision machining and 
longer tool life. In fact, even the use of wear-resistant diamond 
coatings to increase the life of materials that compete with 
diamond is a rapidly growing application. Increased tool life not 
only leads to lower costs per unit of output but also means fewer 
tool changes and longer production runs (Advanced Materials 
& Processes, 1998). In view of the many advantages that come 
from increased tool life and reports that diamond film surfaces 
can increase durability by a factor of 50, much wider use of 
diamond as an engineering material is expected. 

PCD for abrasive tools and wear parts are likely to continue 
to replace competing materials in many industrial applications 
by providing closer tolerances as well as extending tool life. 

F or example, PDCs and PDSs will continue to displace natural 
diamond stone and tungsten carbide products used in the drilling 
and tooling industries. 

CVD technology can produce extremely pure diamond 
crystals that have great potential in computer technology in the 
production of diamond computer chips when their cost becomes 
competitive. These diamond computer chips will work at a 
much higher frequency or faster speed and can be placed ina 
higher-temperature environment than the silicon chips currently 
used ш computers. Eventually, they may replace silicon chips 
ш computers. CVD diamonds annealed using the low-pressure/ 
high-temperature microwave plasma process may have 
applications such as using the diamond crystals in high-pressure 
research, optical applications that take advantage of the 
outstanding transparency of diamond, or using them in quantum 
Computing to store quantum information in vacancy centers in 
the diamond’s crystal lattice. 

| CVD diamonds will be used to provide a better and more 
fficient alternative process to existing water purification 
Processes. This technology will use single-crystal diamond 
electrodes for electrochemical water purification. 

Truing and dressing applications will remain a major domestic 
end use for natural industrial diamond stone. Stones for these 
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applications have not yet been manufactured economically. 

No shortage of the stone is anticipated, however, because new 
mines and more producers selling in the rough diamond market 
will maintain ample supplies. More competition introduced by 
the additional sources also may temper price increases. 

Demand for synthetic diamond bort, grit, and dust and powder 
is expected to remain greater than for natural diamond material. 
Constant-dollar prices of synthetic diamond products probably 
will continue to decline as production technology becomes more 
cost effective. The decline is even more likely if competition 
from low-cost producers in China and Russia continues to 
increase. 
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TABLE 1 
SALIENT NATURAL AND SYNTHETIC INDUSTRIAL DIAMOND STATISTICS! 


(Thousand carats and thousand dollars) 


2007 2008 2009 2010 2011 
United States: 
Natural: 
Secondary production: 
о о OE 467005. бю лш 
Exports: 
Quantity 4,560 5,580 1,510 2,330 3,710 
Value | 4,030 4,250 2,280 1,780 1,790 
Imports for consumption: 
Quantity 11,300 9,130 4,230 6,440 9,750 
Value 39,100 42,600 20,400 34,600 51,900 
Primary production: 
Quantity" 130,000 131,000 ? 91,000 ? 93,000 98,200 
Value? 131,000 132,000 65,100 66,400 67,100 
Secondary production: 
Quantity“ 17,600 17,300 ? 17,200 ? 17,100 17,700 
Value" 9,500 9,360 9,080 9,120 9,260 
Exports: 
Quantity 102,000 112,000 65,500 110,000 145,000 
Value 52,400 52,400 31,100 51,000 68,600 
Imports for consumption: 
Quantity 403,000 486,000 243,000 591,000 719,000 
Value 72,700 74,300 39,300 84,200 94,200 
Apparent Consumption, natural and synthetic: | 
Quantity 472,000 542,000 305,000 612,000 714,000 
Value 204,000 210,000 109,000 150,000 161,000 
mA natural? 170,000 154,000 131,000 135,000 135,000 
Production, synthetic" 4,420,000 4,420,000 4,370,000 4,380,000 4,380,000 
Production, natural and synthetic" 4,590,000 4,570,000 4,500,000 4,510,000 4,510,000 
*Estimated. 
!Data are rounded to no more than three significant digits. 
?Reported figure. 


Domestic primary and secondary production plus imports minus exports. 
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HR RETE ЕЯ E 
— HEP — — Uu — n 9000 


US 


Natural industrial diamond stones” 


2010 2011 2010 
Country Quantity Value’ Quantity Value’ Quantity Value* 

Australia 42 288 45 845 9 
Belgium 23 321 127 749 (5) 
Botswana 835 19,800 842 32,600 11 
Congo (Kinshasa) 7 111 6 156 2 
Ghana (5) 11 (5) 3 (5) 
India 77 218 540 617 3 
Namibia 219 1,340 218 1,230 -- 
Russia 210 4,540 29 190 (5) 
South Africa 234 4,140 580 10,200 26 
Other 13 663 22 601 10 

Total 1,660 31,400 2,410 47,200 61 
— Zero. 


TABLE 2 
U.S. IMPORTS FOR CONSUMPTION OF INDUSTRIAL DIAMOND STONES, BY COUNTRY! 


(Thousand carats and thousand dollars) 


74 
21 
47 


"Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes glazers’ and engravers’ diamond unset, Harmonized Tariff Schedule of the United States 


(HTS) codes 7102.21.3000 and 7102.21.4000. 
ЗНТ$ codes 7102.21.1010 and 7102.21.1020. 


“Customs value. 
Less than № unit. 


Source: U.S. Census Bureau. 


"TABLE 3 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND DUST, GRIT, AND POWDER, BY COUNTRY! 


(Thousand carats and thousand dollars) 


Synthetic” 


2010 
Country Quantity Value’ 
Belgium 1,540 353 
China 461,000 35,800 
Germany 53 39 
Hong Kong 638 218 
India 854 439 
Ireland 66,200 28,800 
Israel 445 423 
Italy 14 14 
Japan 2,540 1,970 
Korea, Republic of 22,700 7,600 
Mexico -- -- 
Romania 13,200 1,540 
Russia 15,500 2,700 
Switzerland 3,130 2,770 
Taiwan 55 15 
Ukraine 176 29 
United Arab Emirates 243 170 
United Kingdom 1,710 636 
Other 451 169 
Total 591,000 83,700 
-- Zero. 


Natural’ 

2011 2010 2011 
Quantity _ Value! Quantity Value? Quantity Value? 
1,720 483 121 79 273 210 
575,000 44,600 1,050 430 1,940 1,170 
20 21 24 22 40 42 
28 18 10 5 - = 
1,420 939 1,470 818 1,880 1,210 
62,700 26,800 688 399 490 353 
6 4 — -— = = 
1,380 1,850 -- _ — -- 
33,300 11,400 25 6 1 3 
65 42 89 59 10 8 
16,600 1,590 -- -- -- = 
13,700 2,410 -- -- 1,930 467 
7,550 2,320 548 180 314 183 
276 28 -- -- -- = 
20 14 -- -- — = 
= zu = = 84 122 
3,210 780 559 384 234 175 
1,970 341 163 384 134 129 
719,000 93,600 4,750 2,770 7,320 4,070 


Паја are rounded to no more than three significant digits; may not ада to totals shown. 


*Harmonized Tariff Schedule of the United States codes 7105.10.0020, 7105.10. 0030, 


for synthetic and 7105.10.0011 and 7105.10.0015 for natural. 


3 Customs value. 


Source: U.S. Census Bureau. 
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2011 


3 


15 


190 


1,160 


and 7105.10.0050 


3 


Miners’ diamond, natural and synthetic 
Quantity — Value' 


21.7 
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ТАВГЕ 4 


U.S.REEXPORTS OF INDUSTRIAL DIAMOND STONES, ВУ COUNTRY’ 


(Thousand carats and thousand dollars) 


Country 

Reexports: 

Belgium 

Brazil 

Canada 

Germany 

Hong Kong 

Israel 

Japan 


Korea, Republic of 


South Africa 


United Arab Emirates 


United Kingdom 
Other 
Total 
-- Zero. 


Industrial unworked diamonds? 


2010 


Quantity Value’ 


417 6,680 
39 195 
152 993 
11 359 
49 695 
26 131 
145 8,230 
25 1,430 
(4) 10 
72 2,410 
147 2,270 


1,080 23,400 


2011 
Quantity Value? 
492 10,500 
31 187 
183 1,070 
11 539 
45 810 
32 77 
136 10,700 
28 1,860 
30 79 
178 3,740 
96 2,530 


1,260 32,100 


! Data аге rounded to no more than three significant digits; may not add to 


totals shown. 


?Harmonized Tariff Schedule of the United States code-7102.21.0000. 


Customs value. 
^Less than % unit. 


Source: U.S. Census Bureau. 
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ООО  Naua| 
2010 2011 _____200 ___ ` 2011 
Country Quantity Value? Quantity Value? Quantity Value? Quantity Value? 
Exports: 
Austria 1,790 622 2,960 1,010 -- -- 13 4 
Belgium 368 90 448 106 = = = = 
Brazil 5,530 1,660 4,170 1,140 2 5 -- -- 
Canada 4,010 3,190 5,930 4,120 216 681 195 534 
Germany 3,490 1,200 3,660 1,340 9 7 86 · 38 
Hong Kong 40 35 166 92 4 10 72 37 
India 2,790 1,050 3,200 1,060 2 7 31 6 
Ireland 25,300 8,780 39,900 14,700 25 74 42 53 
Israel 50 33 56 36 516 165 -- = 
Italy 3,910 1,290 3,530 835 -- -- 7 4 
Јарап 29,000 13,800 35,100 17,400 7 9 7 6 
Korea, Republic of 7,240 3,770 12,700 8,960 71 13 1,800 348 
Mexico 366 164 891 231 443 208 427 217 
Singapore 846 2,480 640 1,250 -- -- -- == 
Spain 68 14 77 28 -- - -- - 
Switzerland 7,460 5,630 8,550 7,410 554 290 393 212 
Taiwan 4,340 1,710 5,820 2,360 26 8 5 12 
Thailand 5,100 1,540 5,140 1,430 -- = Бы ao 
United Kingdom 3,630 1,250 3,050 825 401 224 521 196 
Other 4,850 2,720 8,740 | 4,240 58 80 113 119 
Тога! 110,000 51,000 145,000 68,600 2,330 1,780 3,710 1,790 
Reexports: 
Belgium 35 39 158 80 119 228 51 150 
Brazil 792 229 733 285 -- E. = T 
Canada 7,150 4,120 9,240 6,500 118 433 128 528 
Germany 11 8 31 8 7 24 5 15 
India 66 30 -- -- E = == 2 
Ireland 1,070 421 258 102 5 5 18 16 
Italy 250 73 -- -- -- -- zx 2 
Japan 5,830 1,330 5,360 1,220 87 77 126 223 
Korea, Republic of 1,220 530 891 351 7 9 53 75 
Mexico 72 31 59 33 38 90 50 86 
United Kingdom 323 192 55 59 7 3 33 46 
Other 1,020 803 1,090 767 29 53 132 499 
Total 17,800 7,810 17,900 9,400 417 922 596 1,640 
Sand total 128,000 58,800 163,000 78,000 2,750 2,700 4,310 3,420 
-- Zero 


"Data are rounded to no more than three significant digits; may not add to totals shown. 
“Harmonized Tariff Schedule of the United States codes 7105.10.0025 for s 


*Customs value. 


Source: U.S. Census Bureau. 
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TABLE 5 
U.S. EXPORTS AND REEXPORTS OF INDUSTRIAL DIAMOND DUST, GRIT, AND POWDER, BY COUNTRY! 


(Thousand carats and thousand dollars) 


ynthetic and 7105.10.0010 for natural. 
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TABLE 6 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND TYPE? 


(Thousand carats) 
eee 2 
Country and type" 2007 2008 2009 2010 2011 
Gemstones: 
Angola 8,732 8,016 12,445 7,600 " 8,100 
Armenia 123 101 50 50 ° 80 
Australia 231 273 220 * 100 * 86 
Botswana" 25,000 25,000 24,000 25,000 25,000 
Brazil 182 * 71' 21' 25' 25 P 
Сапада 17,144 14,803 10,946 11,773 10,795 
Central African Republic" 370 302 ? 249 > 240 ' 250 
China’ 100 100 100 100 100 
__Сопро (Kinshasa) __ ____- 5,700 4,200 3,700 3,400 ' 3,900 
Ghana 671 478 301 267 € 300 < 
Guinea 815 2,500 557 280 ' 300 * 
Guyana 269 169" 144 50° 50 
Lesotho" 454 > 450 450 460 450 
Namibia 2,266 2,435 1,192 1,693 € 1,700 * 
Russia" 23,300 21,925 ? 17,791 ? 17,800 18,500 
Sierra Leone 362 223 241 306 ' 280 ° 
South Africa" 6,100 5,200 2,500 | 3,500 2,800 
Tanzania" 239 202 155 71 51 
Venezuela‘ 45 45 45 45 45 
Zimbabwe" 100 100 100 900 ' 1,000 
Other e ea ENIM UNE a 
Total 92,300 86,700 * 75,300 * 73,900 ' 74,000 
Industrial: 
Angola‘ 970 900 1,383 ° 900 ' 900 
Australia 18,960 15,397 10,700 9,900 ° 7,500 * 
Botswana" 8,000 8,000 7,000 7,000 7,000 
Brazil 600 600 600 600 600 
_ Central African Republic — — 93 74? 625 62° 62 
China* 970 1,000 1,000 1,000 1,000 
Congo (Kinshasa) 22,600 16,700 14,600 13,400 * 15,600 
Ghana 168 120 75 67" 67 * 
Guinea 200 600 139 94 ' 95 * 
Russia’ 15,000 15,000 15,000 15,000 15,000 
Sierra Leone 241 149 160 131" 120 * 
~ South Africóh ________--------- 9,100 7,700 3,600 5,400 4,200 
Tanzania 44 36 27 14 9 
Venezuela 70 70 70 70 70 
Zimbabwe" 600 700 850 7,500 8,000 
ое 84 145 115 285 ' 285 
Total 77,700 67,200 55,400 61,400 ' 60,500 
170,000 154,000 131,000 135,000 ' 135,000 


баа МЮ АЕА 


Estimated. "Preliminary. "Revised. 


I World totals and estimated data are rounded to no more than 


2Table includes data available through June 2, 2012. 
зо addition to the countries listed, Nigeria and the Republic of Korea produ 


to formulate reliable estimates of output levels. 
‘Includes near-gem and cheap-gem qualities. 


‘Reported figure. 
Includes Cameroon, Congo (Brazzaville), 


Tincludes Congo (Brazzaville), India, Indonesia, and Liberia. 


three significant digits; may not add to totals shown. 


Gabon (unspecified), India, Indonesia, Liberia, and Togo (unspecified). 
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ce natural diamond, but information is inadequate 


Country 

Belarus 
China 
Czech Republic 
France 
Ireland 
Japan 
Russia 
South Africa 
Sweden 
Ukraine 
United States 

Total 
"Revised. NA Not available. -- Zero. 


TABLE 7 
SYNTHETIC DIAMOND: ESTIMATED WORLD PRODUCTION, BY COUNTRY"?? 


(Thousand carats) 


2007 2008 
25,000 25,000 
4,000,000 4,000,000 
5 5 
3,000 3,000 
60,000 60,000 
34,000 34,000 
80,000 80,000 
60,000 60,000 
20,000 20,000 

8,000 4,000 ' 

130000 — 131,000 * 
4,420,000 — 4,420,000 


2009 
25,000 
4,000,000 


T 


3,000 
60,000 
34,000 
80,000 
60,000 
20,000 

NA' 
91,000 * 
4,370,000 ' 


2010 
25,000 
4,000,000 


r 


3,000 
60,000 
34,000 
80,000 
60,000 
20,000 

МА ' 
93,000 
4,380,000 


2011 
25,000 
4,000,000 
3,000 
60,000 
34,000 
80,000 
60,000 
20,000 
NA 
98,200 ^ 
4,380,000 


World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


“Table includes data available through June 2, 2012. 


*In addition to the countries listed, Germany and the Republic of Korea also produce significant quantities of synthetic diamond, 


прш is not officially reported, and available information is inadequate to formulate reliable estimates of output levels. 


“Reported figure. 
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DIATOMITE 


By Robert D. Crangle, Jr. 


Domestic survey data and tables were prepared by Elsie D. Isaac, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


Production of diatomite in the United States increased by 
37% to 813,000 metric tons (t), with a corresponding value of 
$219 million free on board (f.o.b.) plant in 2011 compared with 
595,000 t valued at $178 million f.o.b. plant in 2010 (table 1). 
The large production increase reflected a return to levels 
observed prior to the economic downturn. The United States 
was the leading producer of diatomite in 2011. Estimated world 
production was 2.1 million metric tons (Mt), an increase of 12% 
from 2010. Of the 26 countries that reported the production of 
diatomite in 2011, the United States accounted for 39% of total 
world production. 

Diatomite used for filtration represented 6196 of consumption, 
followed by its use as a cement additive (13%), as an absorbent 
(12%), and as a filler (12%). Other diatomite applications, 
including abrasives, insecticides, insulation, and soil 
conditioner, accounted for the remainder (table 2). Major 
diatomite products were sold as various grades of calcined 
powders. 

Encroachment into diatomite markets by natural and synthetic 
substitute material remained minimal, particularly for beverage 
filtration. Use as a biological filter for human blood plasma 
continued to increase. 

Diatomite is a chalk-like, soft, friable, earthy, very 
fine-grained, siliceous sedimentary rock comprised of fossilized 
diatom remains. Diatomite often has a light color (white if pure, 
commonly buff to gray in-situ, and rarely black). It is extremely 
lightweight because of its low density and high porosity, 
and essentially chemically inert. Diatomaceous earth (often 
abbreviated as D.E.) is a common alternate name but is more 
appropriate for the unconsolidated or less lithified sediment. 
Diatomite is also known as kieselguhr (Germany), tripolite 
(after an occurrence near Tripoli, Libya), and moler (an impure 
Danish form). Alfred Nobel named his explosive invention 
"dynamite" following his discovery that nitroglycerin could be 
stabilized if first absorbed in diatomite (Nobel, 1868). 

Diatomite deposits form from an accumulation of amorphous 
hydrous silica cell walls of dead diatoms in both oceanic and 
fresh waters. These microscopic single-cell aquatic plants 
(algae) contain an internal, elaborate siliceous skeleton 
consisting of two frustules (valves) that vary in size from less 
than 1 micrometer (шт) to more than 1 millimeter in diameter 
but are typically 10 to 200 um in diameter. The frustules have 
a broad variety of delicate, lacy, perforated shapes, including 
cylinders, discs, feathers, ladders, needles, and spheres. 
Additional information on the environmental and physical 
properties of diatoms can be found in Dolley and Moyle (2003) 
and Moyle and Dolley (2003). The oldest occurrences of 
diatomite are thought to be of Cretaceous age, deposited about 
66 million to 138 million years ago. Older diatomite occurrences 
may have been altered into other forms of silica, particularly 
chert, owing to diagenesis, burial, and exposure. Detailed 
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information on the geology of diatomite can be found in Wallace 
(2003) and Moyle and Dolley (2003). 


Production 


Domestic production data for diatomite were developed by the 
U.S. Geological Survey (USGS) from a voluntary annual survey 
of U.S. diatomite-producing sites and company operations. 

The USGS canvass for 2011 was sent to 7 diatomite-producing 
companies with 10 mining areas and 9 processing facilities. All 
companies responded, accounting for 10096 of the production 
listed in table 1. Some company data were not complete 

and were estimated on the basis of annual hours worked, as 
reported by the Mine Safety and Health Administration. Data 
were rounded to no more than three significant figures. АЛ 
percentages in this report were computed based on unrounded 
data. 

In 2011, 813,000 t of diatomite were produced from 10 
separate mining areas and 9 processing facilities in California, 
Nevada, Oregon, and Washington. This amount reflected an 
alltime production high for the United States. Major producers 
were Celite Corp. (a subsidiary of Imerys USA, Inc.) with 
mines and facilities in California, Nevada, and Washington; 
and EP Minerals, LLC (a subsidiary of EaglePicher Corp.) with 
operations in Nevada and Oregon. California was the leading 
producing State, followed by Nevada. The combined output of 
these two States accounted for about 79% of U.S. production in 
2011. 

Because diatomite occurrences are at or near the earth's 
surface, recovery from most deposits is achieved through 
low-cost, open pit mining. Outside the United States, however 
underground mining is fairly common owing to deposit location 
and topographic constraints. Explosives are generally not 
required for surficial or subsurface mining because of the soft 
friable nature of the deposits. In Iceland, dredging is used to | 
recover lake-bottom diatomaceous mud deposits. 

Diatomite is often processed near the mine to reduce 
transportation costs associated with the crude ore, which can 
contain up to 65% water. Processing typically involves a series 
of crushing, drying, size-reduction, and calcining operations 
using heated air for conveying and classifying within the p] | 
Fine-sized diatomite grains, especially from baghouses i Е. 
most often for filler-grade products, while coarser partic l eus 
employed for filtration purposes. In the ] — 
calcining is performed in rotary kilns to 
physical changes. 

Diatomite production costs for th | 
60% {о 70% Тог processing, 20% Б, NN 
Shipping, and 1094 for mining. Energy co 
and growing portion (25% to 30%) of di 
costs, both in the direct costs of mining 


rage 
for packing d 
515 compose a large 
atomite production 
and transportation. 
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as well as within the energy-intensive calcining process. 
Diatomite used for cement production does not normally require 
calcining, and thus, processing costs are lower. For 2011, overall 
diatomite production was much higher than that in 2010, which 
represented a rebound in the marketplace to levels observed 

in 2008 when U.S. production was 764,000 +. In 2009-10, 
production from the larger U.S. diatomite producers was lower 
as some operations were idled during that period as a result 

of the 2008 economic downturn and the resulting decrease in 
demand. 


Consumption 


Apparent domestic consumption of diatomite was 
approximately 707,000 t in 2011, an increase of approximately 
39% from 509,000 t in 2010. The total domestic and export 
quantity of filter-grade diatomite sold or used by U.S. producers 
was 500,000 t in 2011, an increase of 25% from 400,000 t in 
2010, accounting for 61% of total diatomite sold or used. For 
absorbents, 95,000 t of diatomite was reported, an increase of 
48% from 64,000 t in 2010. Use of diatomite as a filler was 
99,000 t in 2011, an increase of 148% from the 40,000 t in 2010. 

In antiquity, diatomite was used by the Greeks as an abrasive 
and in the production of lightweight building bricks and blocks. 
In the late 1800s, diatomite became of industrial interest in 
Western Europe when pulverized diatomite was the preferred 
absorbent and stabilizer of nitroglycerine used to make 
dynamite. Maryland was the site of the first U.S. production of 
diatomite in 1884. By the late 1880s, very pure, large deposits 
near Lompoc, CA, became the focus of interest and have 
continued to dominate world markets (Dolley and Moyle, 2003). 
Although diatomite is principally used as a filtration medium, 
it is also used as a silica additive in cement and various other 
compounds, a filler in a variety of products, an absorbent, 
an insulation medium, a mild abrasive, and an agent in the 
purification and extraction of DNA. 

Commercial diatomite products provide fine-sized, irregular- 
shaped, porous noncaking particles that have a large surface 
area and high liquid-absorption capacity. They are relatively 
chemically inert, have a low refractive index, are mildly 
abrasive, have a low thermal conductivity with a reasonably 
high fusion point, can be slightly pozzolanic, are very high in 
silica, and can be produced and delivered at a cost consistent 
with customer applications. Sawn shapes, which continue to 
account for a significant part of world diatomite production, 
have long been used as lightweight building material, especially 
in China, and primarily for thermal insulation (especially 

Danish moler). Dried natural products 


the high-clay-content oler). Di aral 
and calcined products are used in building applications. 


The major use of diatomite continues to be as a filtration 
medium for beverages (especially beer and wine), sugar and 


sweetener liquors, oils and fats, petroleum and chemical 


processing (including reprocessing waste dry cleaning fluids), 
harmaceuticals, and water (industrial process, potable, 

: imming pool, and waste). Another leading use is as an 
eo for industrial spills (oil and toxic liquids) and for pet 


litter. | 
Another impo 
serving a dual purpose, 


rtant broad category of use is as a filler, often | 
such as an extender and flatting agent 11 
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paints and coatings; a bulking and anticaking agent in granular 
materials; and as a multieffect component in plastics (including 
preventing films from sticking). Other filler uses are as an 
extender and absorbent carrier for catalysts, nontoxic pesticides 
(as a desiccating agent), pharmaceuticals, and other chemicals. 

Brightness, whiteness, and abrasive hardness are considered 
for specialized diatomite applications. Free-crystalline silica 
content, although normally low, is required to be identified, 
particularly for calcined products. Calcining removes organics, 
increases filtration rate, oxidizes iron, increases specific gravity, 
increases particle hardness, and can lighten color. Flux-calcining 
significantly affects the physical and chemical properties and 
makes a white product. Most filter grades are calcined. 


Prices 


The calculated weighted average unit value of diatomite sold 
or used by U.S. producers during 2011, using USGS survey data 
and estimates, was $269 per metric ton f.o.b. plant, a decrease of 
about 10% compared with about $299 per ton in 2010 (table 3). 
The average values for filtration decreased by 30% in 2011 to 
$274 per ton from $394 per ton reported in 2010. The value 
for diatomite used for absorbent purposes was $101 per ton, 

a 148% increase from $41 per ton reported in 2010. The unit 
value for material used as fillers decreased slightly to $410 per 
ton in 2011. The average value for specialized or other uses in 
2011 decreased by 38% to $446 per ton from $705 per ton in 
2010. This decrease was derived from a specialty-grade form 
of diatomite, which is subject to large price fluctuations, and 
represented less than 1% of total U.S production in 2011. 


Foreign Trade 


Export and import data presented here from the U.S. Census 
Bureau may be of limited accuracy. This is a result of a lack of 
detail caused by the inclusion of diatomite with other mineral 
commodities within several categories in the Harmonized 
Tariff Schedule of the United States (HTS) issued by the U.S. 
International Trade Commission. Exports of diatomite from 
the United States in 2011 were approximately 106,000 t, about 
20,000 t more than those in 2010 (table 4). Exports accounted 
for about 13% of total domestic production sold or used. Trade 
data were issued under heading 2512 of the HTS, described 
as applying to siliceous fossils, including kieselguhr, tripolite, 
diatomite, and similar siliceous earths of an apparent specific 
gravity of 1 or less. Industry sources, however, indicated that 
exports also included some flux-calcined material, which 
is included under HTS code 3802.90.2000, where it 15 not 
differentiated from activated clays. Similarly, heat-insulating 
mixtures and sawn and molded unfired shapes of diatomite are 
collected under HTS code 6806.90.0090 and are not exclusively 
identified as diatomite. Lastly, fired, sawn, and molded shapes 
of diatomite are covered under heading 6901, which is not 
exclusively used for diatomite data. 

According to U.S. Census Bureau data, diatomite and 
diatomite products were exported to 94 countries in 2011. The 
main export markets were Canada (18,900 t), Germany ГЕТА 
(12,900 t), Belgium (7,600 t), Russia (4,500 t), and South | 
(4,500 t). These five countries accounted for 46% of the tota 
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reported exports. Based on available ITC trade data, the average 
unit value free alongside ship of exported diatomite was $527 
per ton in 2011 compared with $517 per ton in 2010 (table 4). 
Import data for diatomite show that 1,880 t came from 10 
countries in 2011. Mexico was the leading source with 1,2501 
(66%); followed by the Netherlands with 136 t (7%), China with 
129 t (7%), Italy with 126 t (7%), and the United Kingdom with 
63 t (4%). These five countries provided 91% of the imports to 
the United States in 2011. 


World Review 


Estimated world production of diatomite in 2011 was 2.1 
million metric tons (Mt) (table 5). World reserves are thought 
to be almost 1 billion metric tons (Gt), which represents 
approximately 500 times the annual estimated world production 
rate. About 250 Mt, or 259^ of the estimated 1 Gt of world 
reserves, is in the United States (Crangle, 2010). The world's 
largest producing district in terms of volume is near Lompoc, 
CA. A resource assessment of this location suggested these 
deposits could meet all of the world's current diatomite 
consumption for hundreds of years. Compiling data regarding 
reserve estimates can be challenging because some data are 
proprietary and not released by companies nor by countries. 
Huge deposits, on the order of at least 110 Mt of reserves, have 
been reported to occur in China (Lu, 1998, p. 53). 

The United States was the leading producer of diatomite, 
accounting for 39% of total world production, followed by 
China with 2196, Denmark with 1196 (all moler products), and 
Japan with 596. Smaller amounts of diatomite were mined in 26 
additional countries. 


Outlook 


Despite challenging market conditions for many industrial 
commodities, domestic diatomite production increased in 
2011. The economic stability of the mineral commodity 
was largely owing to its use as a filtration medium, where 
Its demand remains strong, particularly in the filtration of 
spirits as well as human blood plasma and other biotechnical 
applications. Likewise, the encroachment of more advanced 
filter applications, including carbon membranes, ceramics, and 
polymers, were not a concern in 2011. The high costs associated 
with these alternatives and a cultural preference toward the use 
of diatomite in the brewing and wine industries indicate a strong 
likelihood for the continued widespread use of diatomite in 
filtration. 

The associated issue of free-crystalline silica, particularly 
after diatomite is calcined, was expected to continue to be 
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a concern, especially in the filler and absorbent markets. 
Although some diatomite deposits were reported to be low in 
free-crystalline silica, an effort to classify diatomite and related 
absorbent products as free of this material remains contentious, 
litigious, and, to date, unsuccessful. Adequate supplies of 
diatomite, owing to the large domestic and world reserves, 
coupled with small or no changes in demand, probably will 
remain available for the foreseeable future. 
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TABLE 1 
DIATOMITE SOLD OR USED BY PRODUCERS IN THE 
UNITED STATES! 


(Thousand metric tons and thousand dollars) 


2010 2011 

Domestic production, sales: 
Quantity 595 813 
Value 178,000 219,000 


"Data are rounded to no more than three significant digits. 


TABLE 2 
DIATOMITE SOLD OR USED, BY MAJOR USE! 


(Percentage of U.S. production) 


2010 2011 
Absorbents 11 12 
Cement? 15 13 
Fillers 7 12 
Filtration 67 61 
Other? (4) | 


Includes exports. 

? As ingredient in portland cement. 

"Includes abrasives, lightweight aggregates, insulation 
and unspecified uses. 

“Less than ^ unit. 


TABLE 3 
AVERAGE VALUE PER METRIC TON OF DIATOMITE, 
BY MAJOR USE! 

2010 2011 
Absorbents 4] 101 
Cement’ 9 XX 
Fillers 412 410 
Filtration 394 274 
Insulation XX XX 
Other! 705 446 
Weighted average 299 269 


XX Not applicable. 

'Rounded estimates. 

2 As ingredient in portland cement. 

‘Includes abrasives, lightweight aggregates, and unspecified 
uses. 


TABLE 4 
U.S. EXPORTS OF DIATOMITE"? 


(Thousand metric tons and thousand dollars) 


Year Quantity Value? 
2010 — 86 44500 _ 
2011 ^ ^ ^5 106 355800 


'Harmonized Tariff Schedule (HTS) number 
2512.00.0000, natural and straight-calcined 
grades, but in practice probably includes an 
undetermined quantity of flux-calcined 
product HTS number 3806.90.2000. 

?Data are rounded to no more than three 
significant digits. 

Free alongside ship value. 


Source: U.S. Census Bureau. 
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ТАВГЕ 5 
DIATOMITE: ESTIMATED WORLD PRODUCTION, BY COUNTRY "2 


(Thousand metric tons) 

> Country 2007 2008 2009 2010 2011 
Algeria 27 2" 23 2 2 
Argentina 50 ? 37? 62? 62' 62 
Armenia (4) (4) (4) (4) (4) 
Australia 20 20 20 20 20 
Brazil, marketable 6? 473 4 "3 4 7? 4P 
Chile 253 25" 23 31 7" 31 
China 420 440 440 400 440 
Commonwealth of Independent States” —' -- ' —' -- ' -- 
Costa Rica 2* 7 1 1 
Czech Republic? 19 31 -- 32 ' 3 
Denmark? 230 230 225 225 225 
France 75 75 75 75 75 
Germany МА‘ NA‘ МА ' NA‘ NA 
Iceland 28 28 26 25 25 
Iran’ (5) 2 Lt a = 
Italy 25 25 25 25 25 
Japan 120 115 110 110 100 
Kenya? (4) (4) (4) (4) (4) 
Korea, Republic of 2* 3 2 2- 3 
Macedonia t zs zl d a 
Mexico 63 3 129 ° 81 3 92 "3 90 
Mozambique 1° (4) ° (4) (4) (4) 
Peru 22 3 12 3 10 3 11' 11? 
Poland 1 1 1 1 1 
Portugal (4) (4) (4) (4) (4) 
Romania 2 -- ~~ 22 РЕ 
Russia‘ 28 30 28 30 32 
Spain" 50 50 50 50 50 
Thailand |" 4? 4 4 4 
Turkey 33 3 63 3 28 3 40 ' 45 
United States” °’ 687 764 575 595 813 


r SSS MMMMMÁ 
Total S 1,910 2,090 ' 1,790 " 1,840 * 2,060 
PPreliminary. "Revised. NA Not available. -- Zero. 


World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
Purity and moisture content are generally not reported or estimated. 

"Table includes data available through March 29, 2012. 

: Reported figure. 

“Less than % unit. 

"Information is inadequate for formulation of reliable estimates for individual countries. 

“Data represent “extracted moler” (reported cubic meters times 1.5). Contains about 30% clay. 

"Data are for Iranian years beginning March 21 of that stated. 

"Includes tripoli. 

?Sold or used by producers. 
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EXPLOSIVES 
By Lori E. Apodaca 


In 2011, U.S. explosives consumption was 3.00 million metric 
tons (Mt), about a 12% increase from that of 2010; sales of 
explosives were reported in all States except Delaware. Coal 
mining, with about 71% of total consumption, continued to be 
the dominant use for explosives in the United States. Wyoming, 
West Virginia, and Kentucky, in descending order, led the 
Nation in coal production, accounting for 62% of the total. 

These States were also the leading explosives-consuming States, 
accounting for 47% of total U.S. explosives sales. 


Legislation and Government Programs 


The U.S. Department of Homeland Security (DHS) proposed 
new regulations to create the Ammonium Nitrate Security 
Program for the safe handling of ammonium nitrate across the 
United States. The Ammonium Nitrate Security Act was passed 
by Congress in 2007; at that time, DHS was authorized to 
develop a program to regulate ammonium nitrate. Since the act 
was passed, the U.S. industry has followed voluntary standards; 
however, under the proposed Ammonium Nitrate Security 
Program, these standards would become mandatory. Under the 
proposed regulations, those engaged in the sale and transfer of 
ammonium nitrate would be barred from selling or transferring 
11.3 kilograms (25 pounds) or more of ammonium nitrate to 
anyone who is not registered with DHS. In addition, those 
engaged in the sale and transfer of ammonium nitrate would be 
required to report losses or thefts to federal authorities within 24 
hours. All records related to the sale and transfer of ammonium 
nitrate would need to be maintained for 2 years. Comments from 
any interested persons on the proposed regulations were due to 
DHS by December 1 (Fertilizer Week, 2011с; U.S. Department 
of Homeland Security, 2011, p. 46908). 


Production 


Sales of ammonium-nitrate-based explosives (blasting agents 
and oxidizers) were 2.98 Mt, which was 12% higher than 
those in 2010, and accounted for about 99% of U.S. industrial 
explosives sales. Sales of permissibles (explosives approved 
for use in gassy and dusty environments) were about 3% higher 
than those in 2010, and sales of other high explosives decreased 
by 3% (table 1). 

Companies contributing data to this report, that are members 
of the Institute of Makers of Explosives (IME), are as follows: 

Accurate Energetic Systems, LLC 


Maxam North America, Inc. 

Nelson Brothers, Inc. 

Orica USA, Inc. 

Owen Oil Tools LP (a division of Core Laboratories М.У.) 

Senex Explosives, Inc. 

Vet’s Explosives, Inc. 

Viking Explosives and Supply Inc. 

W.A. Murphy, Inc. | 

On February 17, U.S. Nitrogen, LLC (a subsidiary of Austin 
Powder Co.) broke ground on a $200 million liquid ammonium 
nitrate plant in Mosheim, TN. The liquid ammonium nitrate 
plant would have a production capacity of 380 metric tons per 
day (t/d) and would include a 180-t/d anhydrous ammonia plant 
and a 300-t/d nitric acid plant. U.S. Nitrogen planned to ship the 
liquid ammonium nitrate product to Austin Powder’s principal 
manufacturing site in Ohio and those elsewhere in the United 
States to upgrade into explosives (Green Markets, 2011b; J ones, 
2012). 


Consumption 


The principal application for explosives in the United 
States was coal mining, accounting for about 71% of the 
total explosives sales for consumption (table 2). In 201 l, 
U.S. coal production increased slightly to 993 Mt, according 
to preliminary data from the U.S. Energy Information 
Administration (EIA). Coal production in the Appalachian 
region remained about the same as production in 2010. In the 
Interior (midwest), coal production increased by 9.1%, and 
in the Western region of the United States, coal production 
decreased slightly. Three States (Wyoming, West Virginia, 
and Kentucky, in descending order) led the Nation in coal 
production, accounting for 62% of the total. These States were 
also the leading explosives-consuming States (U.S. Energy 
Information Administration, 20122, р. 7-8). 
Construction, metal mining, and quarrying and nonmetal 
mining each accounted for 9% of total explosives sales, 
and miscellaneous uses were about 2%. Wyoming, West 
Virginia, Kentucky, Indiana, Nevada, Virginia, Alabama, and 
Pennsylvania were, in descending order, the leading explosives 
consuming States (greater than 100,000 metric tons sold), with 
combined total of 69% of U.S. sales (table 3). i 
Explosives are used in the mining indu j 
segment of the manufacturing and major a 


Austin Powder Co. therefore, changes in the consumption of explosives will be 
Baker Hughes, Inc. reflected in the decrease or increase in these applications Th 
Davey Bickford USA, Inc. dollar value of Dew construction (residential and nonreside i 
Douglas Explosives, Inc. put in place in 2011 decreased by 3% compared with that "Ч а[) 
Dyno Nobel, Inc. 2010 (U.S. Census Bureau, 2012). Based on monthly d ве 
GEODynamics, Inc. seasonally adjusted industry growth rate from 201 0 А 2 , the 
Hunting Titan, Ltd. m mining Was 2.5%, and the growth rate for quarry; ied 
Jet Research Center (a division of Halliburton Co.) nonmetallic mineral mining was slightly lower (Fede ШЕ на 
Maine Drilling & Blasting РАИ ени 
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Classification of Industrial Explosives and Blasting 
Agents.—Apparent consumption of commercial explosives 
used for industrial purposes is defined in this report as sales 
as reported to the IME. Commercial explosives imported 
for industrial uses were also included in sales. The principal 
distinction between high explosives and blasting agents is 
their sensitivity to initiation. High explosives are cap sensitive, 
whereas blasting agents are not. Black powder sales were minor 
and were last reported in 1971. The production classifications 
used in this report are those adopted by the IME. 

High Explosives.—Permissibles.—The Mine Safety and 
Health Administration (MSHA) approved grades by brand 
name as originally established by the National Institute for 
Occupational Safety and Health (NIOSH) testing. 

Other High Explosives.—These include all high explosives 
except permissibles. 

Blasting Agents and Oxidizers.—These include ammonium 
nitrate-fuel oil (ANFO) mixtures, regardless of density; slurries, 
water gels, or emulsions; ANFO blends containing slurries, 
water gels, or emulsions; and ammonium nitrate in prilled, 
grained, or liquor (water solution) form. Bulk and packaged 
forms of these materials are included in this category. In 2011, 
about 97% of the total blasting agents and oxidizers sales was in 
bulk form. 


World Review 


Australia.—Deepak Fertilisers and Petrochemicals Corp. 

Ltd. proposed to establish a 300,000-metric-ton-per-year (t/yr) 
technical-grade ammonium nitrate plant in South Australia. The 
estimated cost of the project was $350 million. The feasibility 
study was underway on a 310-hectare site at Port Bonython, 
which was expected to take 12 to 15 months to complete and 
another 24 months was anticipated for construction (Green 
Markets, 201 1a). 

Incitec Pivot Ltd. announced that it would conduct a 
feasibility study for construction of a world scale ammonium 
nitrate plant at Kooragang Island, Newcastle, New South Wales. 
The plant was expected to produce ammonium nitrate for the 
local mining industry and export and urea ammonium nitrate 
solution for agricultural use. The feasibility study was expected 
to be completed in 2012 and, if the project proceeds, production 
at the plant was anticipated to begin in 2016 (Fertilizer Week, 
20115). | 

Incitec Pivot planned to construct a 100,000-t/yr ammonium 
nitrate emulsion plant in Port Hedland, Western Australia, 
mainly to supply iron ore mining companies in Australia. The 
ammonium nitrate emulsion plant was expected to cost about 
$43 million and would be operational by fourth quarter of 2012 

ili К, 20114). 7 

б з din its ammonium nitrate facility 
at its subsidiary firm CSBP Ltd.'s Kwinana industrial complex 
in Western Australia by adding a nitric acid unit and ammonium 
itrate plant, together with upgrading the existing prilling | 

s d other infrastructure work. Total cost of the expansion 
aen $546 million. The expansion would add 260,000 t/yr of 

duction capacity, Increasing the total 


ammonium nitrate pro | 2 
9 capacity to 780,000 t/yr. Expansion of the Kwinana 
Р 
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facility was expected to be completed by the second quarter of 
2014 (Fertilizer Week, 20114). 

Vietnam.—PetroVietnam established a 60—40 joint venture 
with Hanoi-based General Army of Economic and Technology 
to build a 450,000-t/yr ammonia and 200,000-t/yr industrial- 
grade ammonium nitrate plant using natural gas as a feedstock. 
No timetable was announced for the completion of the project 
(Nitrogen + Syngas, 2011). 

Vietnam National Coal —Minerals Industries Holding 
Corp. Ltd. (Vinacomin) was granted a construction license 
from the Thai Binh Provincial People’s Committee to build an 
ammonium nitrate plant in Thai Thuy District at a cost of $280 
million. The planned production capacity was 200,000 t/yr of 
ammonium nitrate, and construction of the plant was expected 
to begin in November and to be completed by 2014 (Vietnam 
National Coal – Minerals Industries Holding Corp. Ltd., 2011). 


Outlook 


According to the EIA, U.S. coal production in 2012 was 
expected to decrease by 7% from that of 2011. In 2013, 
production was projected to decrease by about another 4%, a 
result of decreased domestic coal consumption (U.S. Energy 
Information Administration, 2012b, р. 10—11). Based on the coal 
production projections, explosives consumption was expected 
to decrease in 2012 and 2013 resulting from the expected 
associated decrease in domestic coal demand. 
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TABLE 1 


(Metric tons) 


— = >= = кю 


Class 
Permissibles 
Other high explosives 
Blasting agents and oxidizers 
Total 


vn/en/news/News-and-Event/Start-the-Ammonium-Nitrate-Project-with- 
capacity-of-200-thousand-tons-per-year-63.html.) 


2010 

990 
22,600 
2,650,000 
2,680,000 


SALIENT STATISTICS OF INDUSTRIAL EXPLOSIVES AND BLASTING 
AGENTS SOLD FOR CONSUMPTION IN THE UNITED STATES! 


2011 
1,020 
21,900 
2,980,000 
3,000,000 


EXPLOSIVES—2011 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: Institute of Makers of Explosives. 


TABLE 2 
ESTIMATED INDUSTRIAL EXPLOSIVES AND BLASTING AGENTS SOLD FOR CONSUMPTION IN 
THE UNITED STATES, BY CLASS AND USE"? 


(Thousand metric tons) 


Coal 
mining 


Metal 
mining 


Construction 
work 


Quarrying and 
nonmetal mining 


All other 


Class purposes 


Total 
2010: 
Permissibles 1 (3) (3) (3) 
Other high explosives 3 8 1 10 1 
Blasting agents and oxidizers 
Total 
2011: 
Permissibles 1 (3) (3) (3) 
Other high explosives 3 7 1 10 


Blasting agents and oxidizers 2,120 272 257 255 74 


2,980 
Total 2,130 279 258 26 


' Distribution of industrial explosives and blasting agents by consuming industry estimated from indices of 
industrial production and economies as reported by the U.S. Department of Energy, the Federal Reserve Board 
the U.S. Department of Transportation, and the U.S. Census Bureau. ' 


?Data are rounded to no more than three significant digits; may not add to totals shown. 
>Less than % unit. 


ТАВГЕ 3 
INDUSTRIAL EXPLOSIVES AND BLASTING AGENTS SOLD FOR CONSUMPTION IN THE UNITED STATES, BY STATE AND CLASS! 


23.4 


(Metric tons) 
2010 2011 
Fixed high explosives Fixed high explosives 
Other high Blasting agents Other high Blasting agents 
State Permissibles explosives and oxidizers Total Permissibles explosives and oxidizers Total 
Alabama 37 191 91,800 92,000 7 225 103,000 103,000 
Alaska -- 724 13,300 14,100 – 729 16,200 17,000 
Апгопа 15 273 39,200 39,500 15 270 56,700 57,000 
Arkansas S 100 19,600 19,800 = 72. 15,200 15,200 
California -- 352 23,400 23,700 = 414 24,700 25,200 
Colorado 14 406 62,500 62,900 37 462 60,300 60,800 
Connecticut - 147 3,560 3,710 ~ 115 3,490 3,610 
Delaware -— = = - 2 Те E = 
Florida -- 77 13,300 13,300 = 62 10,400 10,500 
Georgia = 429 18,200 18,600 -- 216 17,800 18,000 
Hawaii -- -- 478 478 -- (3) 258 258 
Idaho 1 58 11,600 11,600 -- 47 16,300 16,300 
Illinois 7 370 41,100 41,400 — 368 55,400 55,800 
Indiana _ 1,410 159,000 160,000 4 793 202,000 203,000 
Тома 6 609 19,600 20,200 = 616 22,000 22,700 
Kansas = 82 11,600 11,700 Е 91 11,000 11,100 
Кепшску 182 1,400 281,000 283,000 130 1,540 295,000 297,000 
Louisiana -- 238 2,670 2,910 Е 1,440 2,950 4,400 
Маіпе = 190 2,890 3,080 = 170 3,050 3,220 
Maryland” | 11 463 14,800 15,200 2 80 16,000 16,100 
Massachusetts Е 103 4,280 4,390 -- 97 5,010 5,110 
Michigan - 92 25,400 25,400 = 81 18,800 18,800 
Minnesota а 103 83,900 84,000 = 112 87,800 87,900 
Mississippi -— 39 (3) 40 -- 31 (3) 32 
Missouri 3 1,430 61,300 62,700 147 1,390 70,300 71,900 
Montana - 1,570 54,200 55,800 = 2,030 56,000 58,000 
Nebraska -- 88 2,330 2,420 -- 112 2,600 2,710 
Nevada 327 1,060 115,000 116,000 226 784 130,000 131,000 
New Hampshire -- 129 3,150 3,280 -- 120 3,310 3,430 
New Jersey -- 66 3,990 4,060 - 82 5,780 5,860 
New Mexico -- 130 24,200 24,300 -- 126 32,900 33,000 
New York (3) 555 13,400 13,900 -- 781 14,600 15,400 
North Carolina -- 313 17,800 18,100 - 318 16,900 oen 
North Dakota -- 10 2,610 2,620 -- 9 3,050 pe 
: (3) 364 49,000 49,400 (3) 381 52,100 52,40 
оше 23,200 23,300 
Oklahoma Š 747 20,800 21,600 l 140 с pres 
Oregon 5 178 5,320 5,510 -- 268 se Me 
Pennsylvania 36 1,290 99,300 101,000 63 1,350 100, s о 
Rhode Island ds 31 1,360 1,390 = 24 : js 0 
South Carolina -- 76 5,420 5,500 = i e jp 
South Раков i 2 a К о 10 1,420 25,900 27,300 
Tennessee LÁ у 994 33,900 34,900 -- 967 61,800 62,800 
ae 37 302 62,800 63,100 46 542 72,000 72,500 
ve t 4 67 1,760 1,830 4 55 2,060 qm 
ma em 119 817 113,000 114,000 B : bs 1 | пе ! ree 
Washington r Ки 394006 2e 128 826 342,000 343,000 
West Virginia — _ 5 329 9,810 10,100 - 282 10,900 11,200 
‘Wisconsin _____---- (3) 314 623,000 623,000 -- 355 763,000 Tet nó 
io == 990 22,600 · 2,650,000 2,680,000 1,020 21,900 2,980,000 _ 3,000, 
о 

adi ienificant digits; may not add to totals shown. 

Таја are rounded to по more than three signii 

? Includes the District of Columbia. 

Less than У unit. 

Source: Institute of Makers of Explosives. сок—201 
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FELDSPAR AND NEPHELINE SYENITE 


By Arnold O. Tanner 


Domestic survey data and tables were prepared by Raymond I. Eldridge, III, statistical assistant, and the world production 
table was prepared by Glenn J. Wallace, international data coordinator. 


In 2011, feldspar production in the United States was 
estimated to be nearly 650,000 metric tons (t) valued at $40.5 
million, an increase from 550,000 t valued at $33.4 million in 
2010, based upon a combination of reported and estimated 
U.S. Geological Survey (USGS) data. Exports of feldspar in 
2011 increased slightly to 17,000 t valued at about $3 million, 
and imports of feldspar decreased by about 1796 to 1,710 t 
valued at $476,000. Imports of nepheline syenite (predominantly 
from Canada) increased by 796 to 394,000 t valued at $41.5 
million. World production of feldspar was estimated to be about 
21 million metric tons (Mt) (tables 1, 7). 

Apparent consumption of feldspar and imported nepheline 
syenite combined was 1.0 Mt, primarily for use in the glass and 
ceramics industries and also as fillers in various products such 
as paints and coatings. Data on feldspar include silica producers 
that produce feldspar-quartz mixtures and one U.S. producer 
of aplite, a rock in which quartz and feldspar are the dominant 
minerals. Because domestic nepheline syenite production was 
consumed for use as roofing granules and in other construction 
applications (such as, excluding ceramics, glass, and filler 
applications) the data were not included in this chapter. Trade 
data in this report are from the U.S. Census Bureau. 


Feldspar 


Production.—Feldspar was mined in seven States. These 
were, in descending order of estimated output, North Carolina, 
Virginia, California, Idaho, Oklahoma, Georgia, and South 
Dakota. North Carolina was by far the lead producing State. 
Data on domestic production and sales and use of feldspar in 
this report are based upon data collected by the USGS by means 
of a voluntary survey. Seven companies mined and processed 
feldspar from 11 mines and beneficiating facilities—3 in North 
Carolina, 3 in California, and 1 in each of the 5 remaining States 
(table 3). Of these beneficiation facilities, eight responded to the 
canvass, representing about 70% of the total 2011 production 
tonnage listed in tables 1 and 2. Production for the remaining 
operations was estimated using prior-year output levels. 

Consumption.—The principle markets for feldspar were 
glass, ceramics, and less so as fillers and extenders in paint, 
plastics, and rubber. In 2011, of the domestic feldspar sold or 
used, an estimated 55% by tonnage was used in the manufacture 
of glass, including glass containers, flat glass, fiberglass for 
home insulation, and specialty glass (table 4). In glassmaking, 
feldspar fluxes the system—lowering the melting temperature 
and helping promote mixing of the melt components. 

Much of the remaining feldspar consumption was in the 
manufacture of ceramics (pottery), including ceramic and 
porcelain tile, electrical insulators, sanitaryware, and tableware. 
In ceramics, the alkalis (calcium, potassium, and sodium ions) 
ш feldspar acts as a flux, working with soda ash to lower the 
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melting temperature of a mixture, as in glassmaking. The value 
of total feldspar sold or used listed in table 4 is higher than the 
feldspar production value listed in tables 1 and 2 because table 4 
values represent the final marketed feldspar products. 

The glass container industry in North America remained 
stable in 2011 with regard to sales, although some nonglass 
containers for such products as baby food, fruit juices, mineral 
water, and wine, and a recent trend to import less expensive 
containers from China, provided increasing competition for 
domestic glass, and thus with its traditional raw materials. 

The use of cullet, especially from post-consumer “bottle- 
to-bottle" recycling programs, also competed with and tended 
to slow the demand for traditional raw materials such as 
feldspar. Increasing the amount of cullet in glass container 
production decreases primary raw material and energy costs, 
reduces greenhouse gas emissions, and extends the life of glass 
manufacturing furnaces (Cattaneo, 2011). 

The construction industry was a major consumer of glass 
and ceramic products. In the United States, construction starts 
for new privately owned housing increased by about 4% to 
609,000 units in 2011 from 587,000 units in 2010, higher than 
the 554,000 units in 2009, but remaining significantly lower 
than the 906,000 units started in 2008. Completions of privately 
owned housing decreased by about 1094 to 585,000 units in 
2011, down from 652,000 units in 2010, 794,000 units in 2009, 
and 1.12 million units in 2008 (U.S. Census Bureau, 2012b). 
The value of all (private and public) residential and commercial 
construction, both of which use significant quantities of flat 
glass and ceramic tile products, continued to trend downward 
decreasing to $778 billion in 2011 from $805 billion in 2010. | 
Total construction spending peaked at $1.17 trillion in 2006 
(U.S. Census Bureau, 2012a). In 2011, for the third consecutive 

year, shipments of domestic tile rose, increasing 4% to 62.5 
million square meters (Mm?), the highest since 64.6 Mm? Were 
shipped in 2004. Imports of ceramic tile, which comprised 699; 
of U.S. tile consumption, increased slightly, mostly from (in | 
"ie. order) Mexico, China, and Italy. Exports incresed 
y 7.7%, the majority going to Canad i i 
(Whitmire, 2012). ш ^ China, and Mexico 
_ № March, Imerys SA (Paris, France) and Norsk Mineral AS, 
ш a 50-50 joint venture, formed The Quartz Corp. (TQC) 
feldspar, mica, quartz company, combinin Imerys’ с шай 
| 8 Imerys’ KT Feld 
Corp. (Spruce Pine, NC) and Par 
rp. (Sp » NC) The Feldspar Corp. (S 
NC and Monticello, GA) wi i > Эн Pine, 
Mor ; GA) with Norsk Mineral's Norwegian 
Crystallites into one company. TQC planned to focus on 
increasing markets for and development of high purity 
products from Imerys’ pegmatite resources in Spruce A d 
Norwegian Crystallites’ processing capabiliti iia 
es and to uperad 
and expand the production and processing of the Sag i 
feldspar and mica resources (Quartz Corp., The, 201 у е 
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World Review.—Feldspar was produced in more than 50 
countries, with significant resources of feldspar occurring in at 
least 70 countries. Turkey was the leading producer, followed 
by Italy, and China. World production increased by an estimated 
].1 Mt to 21.2 Mt (table 7). | 

Ceramic tile production increased in the world's leading 
producing and consuming countries of China, Brazil, India, 
and Iran. Ceramic tile exports from the world leading exporter, 
China, continued to increase, as did those of the other three. In 
Brazil and India, increased construction continued, resulting 
in increased domestic sales of ceramic tiles; all four countries' 
ceramic industries were significantly more dependent on 
domestic consumption than exports (Feytis, 2011). 

China.—Feldspar, used in the manufacture of China's 
ceramic products, was mined in the country's eastern and 
southeastern provinces. As the world's third-ranked producer of 
feldspar with 2.1 Mt of production in 2011, China remained the 
world's leading producer, consumer, and exporter of ceramic 
tiles, sanitaryware, and tableware, producing an estimated 9 
billion square meters of ceramic tile, more than 200 million 
pieces of sanitaryware, and 30 billion pieces of tableware. Of 
concern to China's ceramic industry were overcapacity and 
excess production relative to demand, rising production costs, 
and environmental controls. Porcelain tile was the main ceramic 
tile produced, followed by polished and antique (Hao and 
Baylis, 2012). 

Greece.—Feldspar, typically sodium feldspar from 
pegmatites, is mined mostly in the northeastern part of the 
country. About 23,000 metric tons per year (t/yr) is produced for 
use in sanitaryware and glassware for domestic use and export. 
The Greek ceramic industries, particularly for floor and wall 
tiles and sanitaryware, consume about 40,000 t/yr of feldspar. 
Imports were from the European Union, mainly from Turkey. 

Mevior Co. SA (majority owned by Ankerpoort, a subsidiary 
of the Sibelco Group) mined feldspar from pegmatite deposits 
in the area of Karteres Thessaloniki. About one-half of Mevoir’s 
production supplied domestic industries; the remainder was 
exported to Italy, the Czech Republic, and Germany. Filceram 
Johnson Co. SA mined feldspar in Platanochori Chalkidiki 
and consumes 30,000 t/yr of coarse-grained (0—6 millimeters) 
material for floor and wall tiles. The company suspended | 
operations at yearend, likely for financial reasons (Tsirambides 

ilippidis, 2012). 
gris Ji year 2011, 472,000 t of feldspar was 
produced, 5% less than in 2010 owing to temporary closures at 
he States of Rajasthan and Andhra Pradesh led 
production with 5196 and 4496 of total production, respectively. 
Nine mines produce more than 10,000 t/yr each, accounting 
for about two-thirds of total production. Feldspar consumption 
in India was 405,000 t; 84% was consumed by the — 
industry, 13% by the glass industry, and the des 3 А у 
the cement, refractory, abrasive, and electrode industries (Indian 
DE us gena in the world in feldspar production 

um t of Italy’s output was used in the country’s 
at 4.7 sie tare Italy exported about 290,000 t of feldspar 
ceramics ) nearly 2 Mt, more than 1.8 Mt of which was from 


| d в ө А 
ы Nations Statistics Division, undated a). Ceramic 
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tile production, the Italian ceramic industry’s leading sector and 
a significant consumer of feldspar, increased by 3% to nearly 
400 Mm? of tiles in 2011 compared with output in 2010. Total 
sales volumes increased slightly in 2011 owing mainly to a 
396 increase in exports, but domestic sales decreased by 796 
(Ceramics of Italy, 2012). 

Norway.—Nordic Mining ASA and the Norwegian Institute 
of Energy Technology (NIET), in a joint project, successfully 
produced high grade alumina by acid leaching anorthosite, a 
rock composed mostly of plagioclase feldspar and rarely utilized 
as an alumina source. Work continued to make the process 
economically viable. In theory, 1 Mt of anorthosite can yield 
about 300,000 t of alumina. Precipitated calcium carbonate is a 
byproduct of the process. The joint venture was working on the 
development of anorthosite powder products for applications 
in glass, ceramics, and fillers. Nordic’s subsidiary Gudvangen 
Stein AS produces 200,000 t/yr of anorthosite for road building 
ageregate and as an alumina source feedstock in the production 
of mineral wool for manufacturing building insulation products 
(Roberts and Elliot, 2011). 

Turkey.—Turkey exported nearly 4 Mt of its production of 
feldspar; about two-thirds of the exports went to Italy and Spain 
(United Nations Statistics Division, undated a). Feldspar was 
mined in the southeastern part of the country, mainly from the 
Menderes massif. 


Nepheline Syenite 


Production.—No nepheline syenite was produced in the 
United States for ceramic, glass, or filler use. Nepheline syenite 
with high iron content, however, was produced in Arkansas for 
use in roofing granules, road materials, asphalt and concrete 
ageregate, and related products. 

Consumption.—In glass and ceramics manufacture, nepheline 
syenite, like feldspar, provides alkalis that act as a flux. In glass, 
nepheline syenite also supplies alumina, imparting the same 
benefits as feldspar. Nepheline syenite also is used as a filler in 
adhesives, paint, plastics, and sealants and it can be used in the 
production of aluminum and fertilizers. 

World Review.—Nepheline syenite is produced in Brazil, 
Canada, China, Norway, Russia, and Turkey for feldspathic 
uses. The leading producer is Sibelco, based in Antwerp, 
Belgium, via its subsidiaries Sibelco Nordic in Norway and 
Unimin Ltd., in Ontario, Canada. Other producers included 
Fineton Co. Ltd., based in China, and OJSC Apatit and United 
Company Rusal, in Russia. m 

Canada.— Canada's sole nepheline syenite producer, Unimin 
Canada, Ltd., operated two plants at its Blue Mountain and 
Nephton, Ontario, deposits, about 175 kilometers northeast 
of Toronto. Production of marketable nepheline syenite Was 
estimated to be about 610,000 t in 2011 (Natural Resources 
Canada, 2012). The material was consumed in glass, ceramics, 
filler, and abrasives markets. Total Canadian nepheline syenite 
exports were 463,000 t in 2011, 394,000 t of which went to the 
United States (United Nations Statistics Division, undated b). 

China.—Hong Kong-based Fineton Industrial Minerals 
Ltd. produced nepheline syenite at its plant in Anyang, a : 
Province, to supply the ceramics, glass, and paint filler mar e 
in China and other Asian markets. The company planned to 
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construct a new 50,000-t/yr nepheline syenite plant in southern 
China at its deposit in northern Quangdong Province (Industrial 
Minerals, 2010). 

Norway.—Sibelco Nordic produces nepheline syenite during 
the summer and autumn from an open pit on the Arctic Island 
of Stjernoy. Processing of the ore, including crushing, drying, 
milling, sieving, magnetic separation, and air classification, 
produces different products for the glass, ceramic, and paint 
industries, and for desulfurization of steel. In 2011, total 
nepheline syenite exports from Norway were 334,000 t, with 
Poland receiving about 96,000 t; the Netherlands, 73,400 t; 
Germany, 52,700 t; the United Kingdom, 34,600 t; Spain, 
20,700 t; France, 20,600 t; and Portugal, 11,600 t; and the 
remainder to several other countries (United Nations Statistics 
Division, undated b). 

Russia.—UC Rusal, a leading producer of aluminum, 
produced about 4.6 Mt of nepheline syenite for use in the 
production of aluminum. UC Rusal’s production was from its 
Kiya-Shaltyr Mine on the Goryachegorsk Massif in east-central 
Siberia (UC Rusal, 2012). In 2011, the Russian phosphate 
producer CJSC PhosAgro AG, which owned a majority interest 
in OJSC Apatit, the only Russian producer of nepheline 
syenite for the glass and ceramics industries, produced 1 Mt of 
nepheline concentrate from the apatite complex operation on the 
Kola Peninsula in northwestern Russia (OJSC PhosAgro AG, 
2012). 


Outlook 


Producers of feldspar and nepheline syenite were expected 
to face continuing challenges in 2011 and into the future 
related to excess supply and increased production costs. Higher 
transportation charges for shipping feldspathic products by rail 
and truck in 2012 likely will continue to increase delivered raw 
material costs to industrial consumers. 

U.S. glass food container demand is expected to rise 
modestly during the next several years, increasing feldspar 
consumption by glass container manufacturers. The use of 
glass containers in the United States may increase in the future 
as a result of consumer demand and Federal Government and 
State government initiatives for environmentally friendly and 
recyclable food and beverage packaging. Increases in glass 
container recycling, however, could reduce the quantities of raw 
materials needed to manufacture these containers. 

The use of flat glass by the automobile industry was expected 
to continue to increase with increased production and sales of 
automobiles. Production and sales of automobiles and light 
trucks in North America, which rose by about 11% each in 2011 
from the levels of 2010, were expected to continue to increase 
through 2014 leading to increased use of raw materials such as 
feldspar. The production and sales for medium and heavy trucks 
also were expected to increase, but at a slower pace (Ward’s 
Automotive Group, 2012). As economic conditions improve, 
hew residential construction and commercial and residential 
remodeling is expected to increase in 2012 and 2013, creating 
increased demand for glass and ceramics and thus feldspar. 

Globally, ceramics industry growth significantly slowed 
during the 2008—09 recession, and with it, the use of feldspar. 

It is anticipated that the ceramic industry will continue its 
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relatively slow rebound of 2010-11 in the next several years. 
The main centers of ceramic production are China, India, Italy, 
Latin America, and Southeast Asia. Although consuming much 
of its own output, China is likely to continue as an important 
exporter of ceramic tile. Owing to continued recovery in the 
construction sector, demand for feldspar and associated raw 
materials is likely to follow. Innovative ideas and products 
in ceramics, such as thinner, stronger ceramic sheets that 
can be laid without need for removal of existing tiled floors, 
and porcelain tiles that offer superior physical and chemical 
characteristics, in part owing to increased feldspar content, are — 
likely to help strengthen that sector. The main growth in feldspar 
demand is expected to be in Southeast Asia, China, Eastern 
Europe, India, and South America. 

Fiberglass consumption in the United States is forecast to 


increase as residential and commercial construction increases 


and be driven by efforts to reduce costs and broaden markets, 
with best growth prospects anticipated for glass wool fiber. 
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TABLE 1 


SALIENT FELDSPAR AND NEPHELINE SYENITE STATISTICS! 


nn YTT 
2007 2008 2009 2010 2011 


United States: 


Produced, feldspar: 


.. 62,3 


metric tons 
thousands 


730,000 
$43,800 


650,000 
$40,000 


550,000 
$35,600 


550,000 650,000 
$33,400 $40,500 


Exports, felds аг“ 


metric tons 9,980 14,600 7,520 16,800 17,000 


Quantity 

Value” thousands $1950 $2,390 $1,150 $2,280  $3,020 
Imports for consumption’ 

Feldspar: | 
— "Quay tito 3509 Мо ЬО Мз Б 
Value’ | thousands $642 $646 $646 $503 $476 
Nepheline syenite: | 

Quantity metric tons 391,000 321,000 308,000 368,000 394,000 


*Estimated. ‘Revised. do. Ditto. i 
!Data are rounded to no more than three significant digits. 


2tncludes hand-cobbed feldspar, flotation-concentrate feldspar, feldspar in feldspar-quartz mixtures, and aplite; may differ from sales in table 4. 
Rounded to two significant digits to avoid disclosing company proprietary data. 


4gource: U.S. Census Bureau. 

5Free alongside ship (f.a.s.) value. 
6Customs value. | 
"Production plus imports minus expo 


*Feldspar only. 
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кь 


rts. Includes feldspar and nepheline syenite. 
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TABLE 2 
ESTIMATED FELDSPAR PRODUCTION IN THE UNITED STATES! 


(Thousand metric tons and thousand dollars) 


Flotation concentrate Other Total 
Year Quantity Value Quantity Value Quantity Value 
2010 160" 10,300 ° 390 ' 23,100" 550 33,400: 
2011 240 16,300 410 24,200 650 40,500 


‘Revised. 

‘Quantity data are rounded to two significant digits, and value data are rounded to three 
significant digits; may not add to totals shown. 

“Includes hand-cobbed feldspar, feldspar content of feldspar-quartz mixtures, and aplite; 
excludes nepheline syenite. 


TABLE 3 
U.S. PRODUCERS OF FELDSPAR IN 2011 


Company Location Product 
APAC-Arkansas, Inc. Muskogee, OK Feldspar-quartz mixture. 
Graniterock Co. Felton, CA Do. 

Pacer Corp. Custer, SD Potassium feldspar. 
P.W. Gillibrand Co. Inc. Simi Valley, CA Feldspar-quartz mixture. 
Quartz Corp., The Monticello, GA Potassium feldspar. 
Do. Spruce Pine, NC Sodium-potassium feldspar. 
Do. do. Sodium-potassium feldspar; feldspar-quartz mixture. 
Unimin Corp. | Вугоп, СА Feldspar-quartz mixture. 
Do. Emmett, ID Do. 
Do. Spruce Pine, NC Sodium-potassium feldspar. 
US. Silica Co. Montpelier, VA Aplite. 
Do., do. Ditto. 
TABLE 4 


ESTIMATED FELDSPAR SOLD OR USED BY PRODUCERS IN 
IN THE UNITED STATES, BY USE"? 


(Thousand metric tons and thousand dollars) 


2010 


2011 
Use Quantity Value Quantity Value 
Әз 340 21,400" 350 24,700 
Ceramics/pottery and miscellaneous 210 12,000 300 16,600 
T .— 550 33,0074 650 — 41309 ^ 
Revised. MR 
! Includes hand-cobbed feldspar, flotation-concentrate feldspar, feldspar in feldspar-quartz mixtures, 


and aplite. 


"Quantity data are rounded to two significant digits, and value data are rounded to three significant 
digits; may not add to totals shown. 


*Includes container glass, glass fiber, and other glass. 
“Represents final marketable product; value is higher than that listed for production in tables 1 and 2 
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ТАВГЕ 5 


U.S. EXPORTS OF FELDSPAR, ВУ COUNTRY"? 


(Metric tons and dollars) 
2010 
Country Quantity Value? 
Brazil 134 35,100 
Canada 1,260 356,000 
China 151 82,500 
Colombia 1,100 354,000 
Costa Rica 96 14,300 
Ecuador 1,330 221,000 
French Polynesia 2 6,300 
Hong Kong 113 12,000 
India -- - 
Japan 17 20,900 
Mexico — -- 
Norway 10,200 855,000 
Russia 2,130 226,000 
Trinidad and Tobago 179 52,200 
Other (21 countries) 74° 41,500 ' 
Тога] 16,800 2,280,000 


"Revised. -- Zero. 


п 
Quantity Value’ 

53 35,300 

1,800 490,000 

93 64,300 

773 282,000 

38 5,830 

18 5,130 

16 18,900 

148 48,600 

389 80,400 

37 27,500 


13,500 1,920,000 
90 22,300 
76 23,700 
17,000 3,020,000 


Рац are rounded to no more than three significant digits; may not add to totals shown. 
?Presentation of annual data is based on the quantities (gross weight) of the 10 leading 


countries in 2010 and 2011. 
Free alongside ship value. 


Source: U.S. Census Bureau. 


TABLE 6 


U.S. IMPORTS FOR CONSUMPTION OF FELDSPAR, BY COUNTRY"? 


(Metric tons and dollars) 


_____ муу 8 е — 
2011 


2010 


Country Quantity Value’ 


China 
Germany 
Mexico 
Total 
-- Zero. 


516 201,000 
1,530 302,000 


2,050 503,000 


Quantity Value? 
30 7,370 
393 181,000 
1,250 257,000 
35 30,600 
1,710 476,000 


!Excludes nepheline syenite (mostly from Canada), which is listed in table 1. 
2[уа{а are rounded to no more than three significant digits; may not add to totals 


shown. 
3Customs value. 


Source: U.S. Census Bureau. 
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Country and grade” 2007 2008 2009 2010 2011° 
215,000 


Argentina 
Australia, includes nepheline syenite" 


Brazil, processed, marketable 
Bulgaria" 

Chile 

China? 
Colombia? 
Cuba* 

Czech Republic 
Ecuador 

Egypt 
Ethiopia" 
Finland 

France, crude? 
Germany 
Greece? 
Guatemala 
India? 

Iran? 

Кају“ 


Japan, includes aplite" 


Jordan 

Кепуа“ 

Korea, Republic of 

Macedonia 

Malaysia 

Mexico 

Могоссо“ 

Nigeria" 

Norway* 

Pakistan 

Peru 

Philippines 

Poland, run of mine 

Portugal 
Romania* 
Russia* 
Saudi Arabia 
Serbia? 
Slovakia" 
South Africa 


Spain, includes pegmatite® 
Sri Lanka 


Sweden, salable, crude and ground" 
Thailand" 
Turkey 
United Kingdom, china stone* 
United States^? 
Uruguay 
Uzbekistan* 
Venezuela" 
Total 
"Estimated. PPreliminary. 'Revised. -- Zero. 
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"World totals and estimated data are rounded to no more than three significant digits; 


TABLE 7 
FELDSPAR: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 


291,562 220,234 213,671 217,213 ! 
50,000 50,000 50,000 50,000 
· 166,089 121,952 115,264 115,300 
90,000 90,000 80,000 80,000 
6,704 17,834 9,079 7,723 € 
2,000,000 2,000,000 2,000,000 2,100,000 
91,000 86,000 85,000 85,000 
5,600 4,300 4,700 2,800 ' 
514,000 488,000 431,000 388,000 
63,557 € 24,799 ' 111,985 ' 86,085 ' 
135,290 407,320 353,623 406,000 ' 
459 424 750 "4 1,500 7^ 
48,890 45,250 45,000 45,000 
650,000 650,000 650,000 650,000 
171,303 161,416 106,837 204,000 "• 
95,000 62,000 ^ 28,617 4 30,000 
30,234 45,854 5,162 402 € 
486,472 4 385,436 4 390,000 400,000 
512,261 * 501,821 * 500,000 500,000 
4,200,000 4,727,000 ^ 4,700,000 4,700,000 
750,000 700,000 700,000 650,000 
9,800 2,950 -- ~ 
30 30 30 30 
398,513 344,257 622,700 496,511 € 
32,814 28,920 19,377 23,188 € 
358,775 457,377 356,620 455,497 ' 
438,696 445,519 347,510 398,849 
20,000 20,000 20,000 20,000 
1,700 1,700 13,631 4 10,000 
65,000 62,000 4 48,000 48,000 
13,236 28,500 € 46,000 ' 40,000 : 
15,450 13,333 5,154° . 5,006 ' 
14,837 15,838 16,394 15,882 ' 
497,900 599,100 445,500 450,000 * 
168,606 157,539 ' 151,976 г 113,327 ! 
45,000 25,000 14,000 15,000 
45,000 45,000 45,000 45,000 
73,000 550,000 550,000 =° 42,300 ' 
3,500 3,500 3,500 3,500 
5,000 5,000 13,000 4 13,000 
79,578 ' 105,815 101,394 94,307 ' 
683,134 "* 690,256 "4 550,000 580,000 г 
28,866 32,586 73,365 € 75,405 ' 
42,000 42,000 42,000 42,000 
684,668 4 670,618 4 600,000 600,000 
6,548,796 6,767,500 4,212,547 6,281,597 г 
2,000 1,000 1,000 1,000 
730,000 650,000 550,000 550,000 
2,500 2,500 2,500 2,500 
4,300 4,300 4,300 4,300 
200,000 200,000 200,000 200,000 
21,600,000 © 22,800,000" 19,600,000 21,300,000 ' 


"Table includes data available through August 10, 2012. 


п addition to the countries listed, Namibia, the United Arab Emirates, and Yemen may produce feldspar, but output is not official] 
| ially 


reported; and available information is inadequate to make reliable estimates of output levels. 
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may not add to totals shown. 


50,000 
115,000 
80,000 
7,563 4 
2,100,000 
85,000 
3,000 
407,000 
80,000 
406,000 
1,500 
45,000 
650,000 
218,000 
30,000 
1,000 
420,000 
500,000 
4,700,000 
650,000 
30 
500,000 
25,032 4 
400,000 
382,497 * 
20,000 
10,000 
48,000 
35,000 
11,645 * 
16,000 
450,000 
113,000 P 
15,000 
45,000 
50,000 
3,500 
12,000 
95,000 
590,000 P 
70,000 
42,000 
600,000 
6,000,000 
1,000 
650,000 4 
2,500 
4,300 
200,000 
21,200,000 


24.7 


24.8 


FELDSPAR: WORLD PRODUCTION, BY COUNTRY"? 
*Reported figure. 


?The dedicated feldspar run of mine production accounts for only part of total feldspar production. 
Rounded to two significant digits to avoid disclosing company proprietary data. 
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FERROALLOYS 


By George M. Bedinger, Lisa A. Corathers, Peter H. Kuck, John F. Papp, 
Désirée E. Polyak, and Kim В. Shedd 


Domestic survey data and tables and the world production table were prepared by Glenn J. Wallace, international data 


coordinator. 


Ferroalloys are alloys of iron employed to add chemical 
elements into molten metal, usually during steelmaking. The 
alloying elements delivered by ferroalloys impart distinctive 
qualities to steel and cast iron or serve important functions 
during production. The leading ferroalloy-producing countries 
in 2011 were, in decreasing order of production, China (57%), 
South Africa (10%), India (6%), Russia (4%), and Kazakhstan 
(4%) (table 7). These countries accounted for 81% of world 
ferroalloy production. World production of bulk ferroalloys— 
chromium, manganese, and silicon—was estimated to have been 
36.8 million metric tons (Mt) in 2011, a 5% increase compared 
with the revised figure of 34.9 Mt for 2010 (table 7). 

Twelve companies in the United States produced 7 ferroalloys 
at 12 plants (table 1). With the exception of ferrosilicon from 
2007—10, production statistics for most ferroalloys were 
concealed to avoid disclosing company proprietary data 
(table 7). U.S. reported consumption of bulk ferroalloys in 
2011 was approximately 0.9 Mt of manganese and silicon 
ferroalloys (table 3) and about 0.3 Mt of contained chromium 
in ferrochromium (table 4). Comparing reported consumption 
in 2011 with that of 2010, ferrochromium decreased slightly, 
ferromanganese (including silicomanganese) increased by 4%, 
and ferrosilicon increased by 8%. The United States was a net 
importer of ferroalloys and ferroalloy metals in 2011. Ona 
gross-weight basis and compared with that in 2010, U.S. total 
ferroalloy and ferroalloy metal imports increased by 7% and 
exports increased by 696, which resulted in a net import increase 
of 7% (table 6). 

Boron, chromium, cobalt, copper, molybdenum, nickel, 
niobium (columbium), phosphorus, silicon, titanium, tungsten, 
vanadium, zirconium, and the rare-earth elements are some of 
the other alloying elements used for the characteristics they 
Provide to steels and cast irons (Brown and Murphy, 1985, 

p. 265). 


Ferrochromium 


The leading world chromite ore-producing countries in 2011 
were South Africa (more than 10 Mt), India (more than 3 Mt), 
and Kazakhstan (more than 3 Mt). Chromite ore was mostly 
smelted in electric-arc furnaces to produce ferrochromium for 
the metallurgical industry. The leading world ferrochromium- 
producing countries were China (2.6 Mt), Kazakhstan (1.3 Mt), 
and South Africa (3.7 Mt). India produced in excess of 0.8 Mt of 
ferrochromium. Most of the 9.55 Mt of ferrochromium produced 
Was consumed in the manufacture of stainless steel. The leading 
stainless steel producing areas of the world—Asia (primarily 
China, India, Japan, the Republic of Korea, and Taiwan), Europe 
(primarily Western Europe and Scandinavia including Belgium, 
Finland, France, Germany, Italy, Spain, Sweden, and the United 
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Kingdom), and the Americas (primarily Brazil and the United 
States)—accounted for most of world stainless steel production. 
World stainless steel production exceeded 32 Mt in 2011 
(Papp, 2013). 

In response to anticipated future increases in demand, new 
ferrochromium-producing plants were under construction 
or planned in Kazakhstan and South Africa. Four industry 
trends were evolving—ferrochromium was being increasingly 
produced using more environmentally friendly, energy- and 
recovery-efficient, prereduction, closed-furnace processes; 
chromium was being recovered from ferrochromium slag; the 
ferrochromium and stainless steel production industries were 
consolidating ownership; and strategic alliances between those 
two industries were being developed. 


Ferromanganese 


Two manganese ferroalloys, ferromanganese and 
silicomanganese, are key ingredients for steelmaking. 
Manganese ferroalloys were produced domestically by two 
companies-—Eramet Marietta Inc. (owned by France's Eramet 
Group) and Felman Production Inc. (owned by Ukraine's 
Privat Group) (table 1). In addition to domestic production in 
2011, the United States imported 697,000 metric tons (t) of 
ferromanganese and silicomanganese (gross weight). Of that 
amount, 78% was imported from South Africa (351,000 t), 
Georgia (100,000 t), Norway (57,695 t), and Ukraine (31,100 t). 
China was the leading world producer of manganese ferroalloys, 
with output about 23296 greater than that of the next three major 
producers—India, South Africa, and Ukraine—combined 
(table 7). 


Ferromolybdenum 


Chile, China, and the United States accounted for about 
80% of world production of molybdenite ore in 2011. Three 
other molybdenite ore-producing countries—Canada, Mexico 
and Peru-—supplied an additional 15% of world production. | 
Molybdenite concentrates are roasted to form molybdic 
oxide, which can then be converted into ferromolybdenum 
molybdenum chemicals, or molybdenum metal. About 44%, 
of the total reported molybdenum materials consumed in the 
United States (19,300 t) was in the form of molybdic oxides and 
about 29% was consumed as ferromolybdenum. Although the 
United States was the second leading molybdenum-producing 
country in the world, it imported more than one-half of its 
ferromolybdenum requirements in 2011 (Polyak, 2012а). The 
steel industry accounted for most of the ferromolybdenum 
consumed in the United States in 201 1, principally in the 
production of stainless and full alloy steels (table 4). 
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Ferronickel 


In the United States, the steel industry accounted for 
virtually all the ferronickel consumed in 2011, with more 
than 97% used in stainless, heat-resistant, and certain alloy 
steels. No ferronickel was produced in the United States from 
either domestic or imported ores in 2011. The International 
Metals Reclamation Co. (INMETCO), however, produced a 
remelt alloy that was used as a substitute for ferrochromium 
and ferronickel in the production of austenitic stainless steel. 
INMETCO operated the sole secondary smelter in North 
America dedicated to recycling both chromium and nickel from 
waste materials. The INMETCO smelter in Ellwood City, PA, 
has been producing a remelt alloy since 1978 that typically 
averages 13% chromium and 12% nickel. 

In 2011, the major ferronickel-producing countries were 
Japan (342,000 t gross weight), New Caledonia (149,000 t), 
and Colombia (104,000 t). Together, these three countries 
accounted for about 48% of world production if China is 
excluded. Indonesia, Brazil, Greece, Macedonia, Kosovo, and 
Ukraine, in descending order of gross weight output, accounted 
for an additional 38%—again excluding China. China was not 
included in these calculations because its industry produced 
large tonnages of nickel pig iron in addition to a spectrum of 
conventional ferronickel grades, for an estimated output of 
800,000 t gross weight, and discrete ferronickel production data 
were not available. The nickel content of individual Chinese 
products varied from about 1.696 to as much as 8096, depending 
upon customer end use. À large part of the nickel pig iron was 
produced from lateritic ores imported from Indonesia and the 
Philippines. 

The Brazilian nickel industry completed construction of two 
greenfield ferronickel complexes in late 2010. In March 2011, 
Anglo American Brasil Limitada poured the first deliverable 
ferronickel at its $1.9 billion Barro Alto complex in Goias 
State. The new smelter-refinery was scheduled to reach full 
production—41,000 t/yr of nickel-in-ferronickel—in early 
2013. The Barro Alto complex is approximately 170 kilometers 
from Anglo American’s older, but still active, Codemin nickel 
operation in Niquelandia. The open pit mine at Barro Alto, 
which has been operating since 2004, continued to supply ore 
to the Codemin ferronickel plant. In 2011, the Codemin plant 
produced 9,500 t of of nickel-in-ferronickel; the Barro Alto 
plant, 6,200 t. At yearend 2011, the Barro Alto Mine had 
52.2 Mt of proven and probable reserves averaging 1.60% 
nickel. These figures equated to 833,000 t of nickel 
(Anglo American ple, 2012, р. 2, 16-1 8, 72—75, 178—179). 

In March, Vale S.A. formally commissioned its $2.84 
billion Onga Puma smelting complex in Para State and began 
producing ferronickel from one of two furnaces. The second 
furnace was started in the second half of 2011. The processing 

designed to produce 53,000 t/yr of nickel-in- 
complex was gn 


• е 1 
i but only produced 7 ,000 t in 2011. Operationa 
ferronickel, lowed full ramp up. At yearend 


i ‘th both furnaces have s 
2011 p Опса Puma Mine had 82.9 Mt of proven and probable 
reserves averaging 1.52% nickel (Vale S.A., 2011; 2012, 
8, 59; Spinetto, 2012). Е 
А ей Nonferrous Metals Mining Group Co. Ltd. and | 
Т ue Iron and Steel (Group) Co. Ltd. have been developing 
al 
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a laterite mine and constructing an adjacent ferronickel smelter 
at Tagaung Tang, near Thabeikkyin in the Mandalay region of 
Burma. The project was expected to cost between $790 million 
and $900 million. According to the Myanmar Ministry of Mines, 
the Tagaung Tang Mine was commissioned in March 2011. The 
mine reportedly has 40 Mt of reserves averaging 2.02% nickel 
(Thet, 2012, р. 11, 26-29). 


Ferrosilicon 


Silicon ferroalloy consumption is driven by cast iron and 
steel production, where silicon alloys are used as deoxidizers. 
Some silicon metal was also used as an alloying agent with iron. 
Starting in 2011, domestic statistics for silicon metal containing 
less than 99.9% silicon—silicon metal used as feedstocks for 
chemical, electronic, and metallurgical applications—were 
aggregated with those of ferrosilicon to avoid disclosing 
company proprietary data for both material categories. 
Therefore, comparisons of domestic production could not 
be made between 2010 and 2011. In 2011, total domestic 
ferrosilicon and silicon metal production was 437,000 t ona 
gross-weight basis (table 7). China produced more ferrosilicon 
and silicon metal than the rest of the world combined and about 
five times that of the next two major producing countries— 
Russia and the United States—combined. China’s ferrosilicon 
production comprised 70% of the world total, excluding net | 
production in the United States. 


Ferrotitanium 


Titanium is used in steelmaking for deoxidation, grain-size 
control, and carbon and nitrogen control and stabilization. 
During steelmaking, titanium is usually introduced as 
ferrotitanium, because of its lower melting temperature and 
higher density compared with those of titanium scrap. Steels 
with relatively high titanium content include interstitial-free, 
stainless, and high-strength low-alloy steels. Ferrotitanium is 
usually produced by induction melting of titanium scrap with 
iron or steel; however, it also is produced directly from titanium 
mineral concentrates. The standard grades of ferrotitanium 
are 30% and 70% titanium. U.S. producers of ferrotitanium 
were Global Titanium Inc. (Detroit, MI), with 10,000 t/yr of 
ferrotitanium production capacity, and RTI International Metals, 
Inc. (Canton, OH), with 7,260 t/yr of ferrotitanium and specialty 
alloy production capacity. The leading ferrotitanium producing 
countries were China, India, Russia, Ukraine, the United 
Kingdom, and the United States. 

In the United States, reported domestic consumption of 
titanium products in steel and other alloys was 12,400 t 
(gross weight), a 6% increase compared with that of 2010. 
Increased global steel production in 2011 increased the need 
for ferrotitanium. Because of increased consumption from 
steel producers, the average U.S. spot-market price range for 4 
70%-grade ferrotitanium increased to $3.50 to $4.38 per poun®: 
compared with $3.18 to $3.25 per pound in 2010. 


Ferrotungsten 
in high-speed and 


is an important alloying element 
Tungsten 15 p ying ene eri 


other tool steels, and is used to a lesser extent 


—2011 
U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK 


and structural steels. Tungsten can be added to steel melts as (1) 
ferrotungsten, which is a master alloy containing between 75% 
and 80% tungsten; (2) tungsten melting base, which is a master 
alloy containing up to 38% tungsten; (3) tungsten metal scrap; 
or (4) scheelite ore concentrates (Lassner and Schubert, 1999, 
p. 307-312; Roskill Information Services Ltd., 2007, 
р. 167-168, 174, 178—179). 

World ferrotungsten production was dominated by China. 
In 2011, Chinese production of ferrotungsten increased by 
11% from that of 2010 to an estimated 7,500 t, gross weight. 
Chinese ferrotungsten exports decreased by 23% in 2011 to 
748 t, contained tungsten, from 971 t, contained tungsten, in 
2010 (Fang, 2012, p. 10, 12, 27). U.S. reported consumption 
of ferrotungsten was lower than that of 2010. Ferrotungsten 
prices were significantly higher than those of 2010; the Platts 
Metals Week price ranged between $46 and $57 per kilogram of 
contained tungsten during the year. 


Ferrovanadium 


In 2011, China, Russia, and South Africa accounted for 96% 
of world vanadium mine production. In these three countries, 
vanadium was primarily recovered from titanium-bearing 
magnetite ore processed to produce pig iron. The process 
produces a slag containing 20% to 24% vanadium pentoxide, 
which can be further processed to ferrovanadium containing 
40% to 50% vanadium (Polyak, 20125). 

In 2011, vanadium recovery from various industrial waste 
materials, such as vanadium-bearing fly ash, petroleum residues, 
pig iron slag, and spent catalysts was the leading source of 
U.S. vanadium production. A small amount of vanadium 
was obtained as a coproduct from the mining of uraniferous 
sandstones on the Colorado Plateau (Polyak, 2012b). 

The domestic steel industry accounted for the majority of U.S. 
reported vanadium consumption in 2011, principally in carbon, 
full alloy and high-strength, low-alloy steels. Ferrovanadium 


_ Supplied 84% of the 5,000 t of vanadium consumed in the 


United States; this was a slight increase compared with 2010. 
Steel manufacturing consumed almost all of the ferrovanadium 
in 2011 (table 4). | 


Outlook 


The near-term trend for domestic ferroalloy consumption 
was expected to follow closely that of U.S. steel production. 
Details of the outlook for the steel industry are discussed in the 
Outlook section of the Iron and Steel chapter of the 2011 USGS 
Minerals Yearbook, volume I, Metals and Minerals. Crude steel 
production in the United States increased by 7% to 86.4 Mt in 
2011 from that in 2010 (Fenton, 2013) (table 1). According to 
the World Steel Association (2012b), raw steel production in 
2011, compared with that in 2010, increased by 6.8% worldwide 
to slightly more than 1.5 billion metric tons (Gt). Raw steel 
Production in China, the leading world producer of raw steel, 
Increased by 8.9% to about 696 Mt. MEPS (International) Ltd. 
(2012) forecast a 4% increase in world raw steel production to 
1.6 Gt in 2012 from that in 2011. 
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Changes in steel production reflect changes in apparent use 
of steel. The World Steel Association (2012a) forecast world 
apparent steel use would increase by 2.1% to 1.41 Gt in 2012 
from that in 2011 and by 3.2% to 1.45 Gt in 2013 from that in 
2012. Apparent steel use in North America was expected to 
increase by 7.5% in 2012 to 130.4 Mt from that in 2011, as a 
result of continued economic recovery across the region. 

Chromium, manganese, silicon, and other ferroalloy metals 
are discussed in more detail, including domestic data coverage, 
outlook, and U.S. Government stockpile information, in the 
respective mineral commodity chapters in the U.S. Geological 
Survey Minerals Yearbook, volume I, Metals and Minerals. 
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TABLE 1 
DOMESTIC PRODUCERS OF FERROALLOYS IN 2011 


eee a c Ga 
Products’ 


EE ———————-—== 


FeV SiMn 


Company Plant location FeMo FeMn FeNb FeSi 
X 


Butler, PA X 


FeTi 


Bear Metallurgical Co. 


C Metals & Alloys, LLC 


Calvert City, KY X 


СС Metals & Alloys, 112 ____________Сајен City, KY __6__ СС 


Bridgeport, AL X 


Core Metals Grou a 


et Marietta Inc. 


Marietta, OH X 


Х 


Eramet Marietta Ino, — — MaitnOH хк 


Ее ап Production Inc. Letart, WV 


lobal Titanium Inc. 


Detroit, MI 


X 


X 


Global Titanium Inc. — — 1 1 Demo, MJ 


Beverly, OH X 


Globe Metallurgical Inc? 


X 


Metallurg Vanadium Corp. Cambridge, OH 


ading Alloys Inc. 


Robesonia, РА X 


ReadingAlloysin. — — — — РА — 0 0 00 0A 0 0 — 


RTI International Metals, Inc. Canton, OH 


X 


X 


Stratcor, Inc. Hot Springs, AR 


Thompson Creek Metals Co. Inc. Langeloth, PA X 
!'EeMo, ferromolybdenum; FeMn, ferromanganese; FeNb, ferroniobium; FeSi, ferrosilicon; Бета, ferrotitanium; FeV, ferrovanadium; 


SiMn, silicomanganese. 
2Owned by Globe Specialty Metals. 


TABLE 2 
GOVERNMENT INVENTORY OF FERROALLOYS, DECEMBER 31, 2011^* 


(Metric tons of alloys unless otherwise specified) 


Lie ла мыздын E сысы 


Alloy Inventory 
Ferrochromium: 
High-carbon 95,200 
Low-carbon 54,300 
Ferromanganese, high carbon 336,000 


Mata are rounded to no more than three significant digits. 
раја are uncommitted inventory. 


Source: Defense Logistics Agency, DLA Strategic Materials. 
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ТАВГЕ 3 
REPORTED U.S. CONSUMPTION OF FERROALLOYS AS ALLOYING ELEMENTS BY END USE IN 2011 "2 


(Metric tons of alloys unless otherwise specified) 


Manganese 
End use FeB FeMn SiMn FeP FeSi FeTi 
=== цм ____гамји __зшмп в — гем — Fen — 
S 


teel: 


Carbon and high-strength low-alloy 479 258,000 65,000 4,020 60,300 6,910 
Stainless and heat-resisting 225 10,400 15,200 (3) 47,100 3,120 
Other alloy (3) 28,100 21,600 (3) 14,700 409 
Tool (3) (3) (3) (3) (3) (4) 
Unspecified 69 2,730 956 887 41,100 (4) 
Total steel 773 299,000 103,000 4,900 163,000 10,400 
Cast irons (5) 6,920 490 506 86,000 16 
Superalloys 45 316 -- (5) 164 686 
Alloys (excluding alloy steels and superalloys) (5) 11,200 2,920 (5) 52,500 1,240 
Miscellaneous and unspecified 577 (6) (6) 337 203,000 4} 
Grand total 1,400 317,000 106,000’ 5,750 505,000 12,400 
Total 2010 1,190 308,000" 97,300°7 5,370 468,000" 11,700: 
Percentage of 2010 117 103 109 107 108 106 
Consumer stocks, December 31 109 25,300 ® 21,700 % 742 14,500 926 


‘Revised. — Zero. 

"Data are rounded to no more than three significant digits; may not add to totals shown. 

?FeB, ferroboron, including other boron materials; FeMn, ferromanganese, including manganese metal; SiMn, silicomanganese; 
FeP, ferrophosphorus, including other phosphorus materials; FeSi, ferrosilicon, including silicon metal, silvery pig iron, silicon 
carbide, and inoculant alloys; FeTi, ferrotitanium, including titanium scrap and other titanium materials. 

ЗАП or part included with “Steel, unspecified.” 

‘All or part included with “Steel, other alloy.” 

АП or part included with “Miscellaneous and unspecified.” 

АП or part included with “Alloys (excluding alloy steels and superalloys).” 

"Internal evaluation indicates that silicomanganese consumption is considerably understated. 

Consumer and producer stocks. 


TABLE 4 
REPORTED U.S. CONSUMPTION OF FERROALLOYS AS ALLOYING ELEMENTS BY END USE IN 2011"? 


(Metric tons of contained elements unless otherwise specified) 


End use FeCr FeMo FeNb FeNi FeV FeW 
Steel: 


Carbon 3,570 310 1,630 -- 677 (3) 
High-strength low-alloy 1,930 122 (3) (4) W m 
Stainless and heat-resisting 209,000 784 684 12,700 62 (3) 
Other alloy 18,900 3,750 331 158 1,920 (3) 
Tool (4) W 17 (4) W (3) 
Unspecified 10,200 - 1,510 (4) -- 115 
Total 244,000 4,970 4,160 12,900 2,660 115 
Cast irons (5) 337 -— — W ES 
Superalloys 6,110 (6) 3,020 (5) 11 (3) 
Alloys (excluding alloy steels and superalloys) 2,260 139 21 335 W (3) 
Miscellaneous and unspecified (5) 93 -- (5) 1,570 = 
Grand total 252,000 5,540 7,210 13,200 4,240 115 
Total 2010 252,000 " 4,670 5,590 11,400 4,210 129 
Percentage of 2010 100 119 129 116 101 89 
Consumer stocks, December 31 6,070 355 406 989 122 18 


‘Revised. W Withheld to avoid disclosing company proprietary data; included with “miscellaneous and unspecified." -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 

*FeCr, ferrochromium, including other chromium ferroalloys and chromium metal; FeMo, ferromolybdenum, including 
calcium molybdate; FeNb, ferroniobium, including nickel niobium; FeNi, ferronickel; FeV, ferrovanadium, including 

other vanadium-carbon-iron ferroalloys; and FeW, ferrotungsten. 

“Included with “Steel, unspecified.” 

*All or part included with “Steel, other alloy.” 

‘Withheld to avoid disclosing company proprietary data. 

“Included with “Alloys (excluding alloy steels and superalloys).” 
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TABLE 5 


FERROALLOY PRICES IN 2011 
м 
п 2 Н Е. 
Chromium: 

Ferrochromium: 
0.05% carbon! 247.44 243.82 245.63 
0.10% carbon! 229.28 225.91 227.59 
0.15% carbon! 220.49 216.56 218.53 
Over 4% carbon: 
49-51% chromium! 118.01 112.92 115.46 
60-65% chromium! 124.25 119.23 121.74 
Manganese: 
Medium-carbon ferroman апезе! 119.00 95.00 108.43 
Standard high-carbon ferromanganese 1,350.00 1,150.00 1,310.57 
Silicomanganese" 67.00 49.00 59.70 
Molybdenum: | 
Ferromolybdenum" 17.83 17.49 17.66 


Molybdenum oxide“ 15.60 15.37 15.48 


Silicon: 
50% ferrosilicon! 120.00 100.00 111.30 
75% ferrosilicon’ 110.00 89.00 102.20 
Silicon metal! 166.00 142.00 157.57 

Vanadium, ferrovanadium’ 15.00 — 1,461.00 14.81 


!Cents per pound of contained element. 
?Dollars per gross ton. 

Cents per pound. 

‘Dollars per pound of contained element. 


Sources: Platts Metals Week and Ryan's Notes. 
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ТАВГЕ 6 
U.S. IMPORTS FOR CONSUMPTION AND EXPORTS OF FERROALLOYS AND FERROALLOY METALS IN 2011' 


Imports Exports 
Gross weight Contained weight ^ Value Gross weightContained weight ^ Value 
Alloy (metric tons) — (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
Ferroalloys: 


Chromium ferroalloys: 
Ferrochromium containing: 


More than 4% carbon 462,000 265,000 $602,000 4,260 1,940 $5,360 
Not more than 4% carbon XX XX XX 1,030 549 2,250 
More than 3% but not more than 4% carbon 1,510 855 1,200 XX XX XX 
More than 0.5% but not more than 3% carbon 393 224 912 XX XX XX 
Not more than 0.596 carbon 53,700 37,100 186,000 XX XX XX 
Ferrochromium-silicon 20,000 7,820 33,600 28 10 64 
Total 538,000 311,000 824,000 5,330 2,500 7,670 
Manganese ferroalloys: 
Ferromanganese containing: 
More than 496 carbon 239,000 184,000 268,000 XX XX XX 
More than 296 but not more than 4% carbon 380 331 928 XX XX XX 
More than 196 but not more than 296 carbon 74,900 60,300 133,000 XX XX XX 
Not more than 196 carbon 34,500 29,300 81,000 XX XX XX 
Ferromanganese, all grades XX XX XX 4,510 XX 7,780 
Silicomanganese 348,000 232,000 417,000 8,470 XX 11,100 
Total 697,000 506,000 899,000 13,000 XX 18,900 


Silicon ferroalloys: 
Ferrosilicon containing: 


More than 55% silicon XX XX XX 24,900 15,400 22,200 
5576 to 80% silicon and more than 3% calcium 8,300 5,390 19,300 XX XX XX 
Magnesium ferrosilicon 16,500 7,610 34,000 XX XX XX 
Ferrosilicon, other^? 208,000 143,000 329,000 9,090 4,180 18,400 
Total 233,000 156,000 383,000 34,000 19,500 40,600 
Other ferroalloys: - EE 
Ferrocerium and other pyrophoric alloys 2,440 Xx 10,700 XX XX XX 
Ferromolybdenum 4,810 3,210 119,000 1,950 1,330 47,079 
Ferronickel 37,700 11,700 269,000 39 23 630 
Ferroniobium 10,600 XX 289,000 519 XX 5,640 
Ferrophosphorus 8,690 XX 5,120 577 XX 1,240 
Ferrotitanium and ferrosilicon-titanium 2,070 XX 11,700 3,210 XX 17,600 
Ferrotungsten and ferrosilicon-tungsten 263 206 7,980 44 22 730 
Ferrovanadium 2,800 2,220 64,600 444 314 9,980 
— Femonmonum ^ ^ ^ ^ ^ 88 XX 406 2,680 XX 6,720 
. Femodlys other ^ ^ — — 8,050 XX 32,400 8,700 XX 13,800 
о Tob з= a 71,600 17300 — 810,000 18,200 1,690 103,000 
. Total ferroalloys. ^ ^^  —  — —  — — 1,550,000 990,000 2,920,000 70,400 23,700 171,000 
Metals: 
_ Chromium (total, all grades) ^ ^ ^ ^ ^— 13,600 XX 192,000 557 XX 13,800 
Manganese: 
. Metal including alloys and waste and scrap XX XX XX 3,370 XX 10,100 
аттары о ооо ооо 34,200 XX _ 110000 хх XX XX 
__ Other manganese, wrought — ^ ^ ^ ^ 369 Xx 1,320 XX XX XX 
Silicon: 
Less than 99% silicon 48,400 46,900 134,000 13,800 13,400 44,900 
Less than 99.99% but not less 99% silicon 137,000 135,000 439,000 10,700 10,600 34,500 
___Моге than 99.99% silicon SCS 4420 XX 311,000 55,000 XX 2,560,000 
. Toalmeds 7238000 182,000 — 1,190,000 83,400 23,900 —— 2,670,000 
_Grand total — — — —  — — -— — — — "1380000 1170000  4,00,00 154.000 47,700 2,840,000 
ХХМогаррћсаре, __ ——»—— — — 


І 
Data are rounded to по more than three significant digits; may not add to totals shown. 
Includes less than 55% silicon and 55% to 80% silicon, other. " 
Includes imports of ferrosilicon containing 80% to 90% silicon and more than 90% silicon. 


Source: U.S. Census Bureau. 
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TABLE 7 


FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY TYPE”? 


Total 


(Metric tons, gross weight) 
Country, furnace type, and allo e^ ^5 2007 2008 
Albania, electric furnace, ferrochromium — 11,916 
Argentina, electric furnace: 
Ferrosilicon* 15,000 10,400 
Silicomanganese 8,917 9,172 
Total® 23,900 19,600 
Armenia, electric furnace: 
Ferromolybdenum 5,977 5,325 
Ferrotungsten 45 nd 
Total 6,022 5,325 ' 
Australia, electric furnace: 
Ferromanganese 115,000 147,000 
Silicomanganese 110,000 125,000 
Silicon metal 35,000 35,000 
Total 260,000 307,000 
Austria, electric furnace: 
Ferronickel, including ferronickel molybdenum 2,250 2,000 
Other 11,000 " 11,000 ' 
Total 13,300 € 13,000 * 
Bahrain, electric furnace: 
Ferromanganese A = 
Silicomanganese = ма 
Total m 2n 
Bhutan, electric furnace, ferrosilicon, exports 40,313 € 30,824 ' 
Bosnia and Herzegovina, electric furnace, net exports” ——— — 
Ferrosilicon 860 640 
_Siliconmetal SSS 11,600 12,400 


2009 
7,556 


11,300 
6,644 
17,900 


5,144 


r 


5,144 ' 


87,000 
74,000 
30,000 
191,000 


1,750 
10,200 ' 
12,000 " 


5,700 

6,500 
12,200 
90,798 ' 


470 
11,000 


2010 
8,000 * 


11,000 
10,900 ' 
21,900 * 


5,126 


г 


5,126 ' 


136,000 
131,000 

30,000 
297,000 


1,500 
12,000 ' 
13,500 ' 


5,600 

3,700 

9,300 
97,528 ' 


870 
17,300 


2011° 
8,000 


11,000 
10,900 ° 
21,900 


5,300 


5,300 


146,000 
130,000 

30,000 
306,000 


1,500 
12,000 
13,500 


35,300 ° 
3,000 ° 

38,300 í 

94,000 


1,800 
17,500 


Brazil, electric furnace: | тт eee 
—Ferochromium’ — O ^ 95,890 194,324 131,048 277,114" 277200? 
Ferrochromium silicon 11,600 * 11,507 11,510 11,600 11,700 
.Peromanganse  — с 205,000 190,000 75,000 72,600 "$ 65,400 $ 

гоо . 39,672 36,544 37,708 33,860 86,800 Р 
соо (ferrocolumbium) 52,442 53,839 34,746 52,588 ' 52,600 P 
Ferrosilicon 146,000 144,832 6 145,000 145,000 145,000 
S oe И ы ые 4,988 4,002 482 498 500 
—SBlicomanganesé о 24000 198,000 79,000 168,600 "6 — 169,900 $ 
ОИ 133,000 131,940 $ 132,000 132,000 133,000 
er 19,500 19,344 6 19,350 6 19,400 19,500 
EUCH aD C "ALONE ? , 9 , 
dt __________ 7 1,020,000 984,000 666,000 913,000 ' 962,000 
Bulgaria, electric furnace, ferrosilicon® 10,000 6,000 5 3.000 5 _ e 
Canada, electric furnace:? | 
_Ferroniobium (ferrocolumbium) —— — —— ————— 4.337 г, 6 4.384 г, 6 4.620 € 4.620: 4.620 
Bo О 43 | a ш" дш. 
Ferrovanadium б 00 35,000 25,820 T 36,786 d 3 je 
Silicon metal 000 1,000 900 900 000 
— etl о, 70000 50,000 30,000 30,000 30020 
Chile, electric furn ,300 " 90,400 ' 61,300" 72,300 ' 66, 
Cuni. mace, femomolbdenum — ООО 14,828 16,918 10,820 12,485 17,177 * 
! —— MÀ _ 16,918 ^ 10,20 ^ 12,485  17177* 
_ Blast fumace: — ~~~ 
. Femomanganse ^ ^^^ ——————————— ———— 
= ааг 600,000 600,000 350,000 350,000 350,000 
_ Electric fumace. — ~ 50,000 50,000 30,000 30,000 30,000 
И 
Ferromanganese 1,300,000 1,500,000 1,810,000 2,400,000 " 2,600,000 
Ferromolybdenum 1,930,000 2,100,000 2,070,000 2,300,000 2,400,000 
C Ferronickel and high nickel uz ние ——————————— 60,000 80,000 90,000 90,000 100,000 
igh nickel 8 , , 
раа рата ИИ 845,000 590,000 600,000 900,000 800,000 
See footnotes at end of table. 4,710,000 4,900,000 5,100,000 5,300,000 5,400,000 
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TABLE 7—Continued 


FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY TYPE"? 


(Metric tons, gross weight) 


Country, furnace type, and alloy type? ^? 2007 2008 2009 2010 2011* 
China—Continued:? 


Electric furnace— Continued: 
Ferrotitanium 10,000 14,000 300 5,600 ' 5,000 
Silicomanganese 4,340,000 5,000,000 5,430,000 5,840,000 * 6,000,000 
Silicon metal 950,000 980,000 1,230,000 1,300,000" 1,400,000 
Other 3,560,000 3,230,000 6,620,000 7,600,000 8,000,000 
Total, blast and electric furnaces 18,400,000 19,000,000 23,300,000 — 26,100,000 € 27,100,000 
Colombia, electric furnace, ferronickel 145,282 126,638 153,628 145,239 103,779 P6 
Czech Republic, electric furnace, other* 2,800 2,800 Ра A = 
Dominican Republic, electric furnace, ferronickel 75,067 47,408 = -- 34,610 P6 
Egypt, electric furnace: 
Ferromanganese 30,000 28,800 : 26,300 ' 20,000 "€ 30,000 
Ferrosilicon* 48,000 59,000 78,000 78,000 г 78,000 
Total® 78,000 87,800 ' 104,000 : 98,000 " 108,000 
Finland, electric furnace, ferrochromium 241,760 233,550 123,310 125,000 “ 125,000 
France, electric furnace: 
Ferromanganese 143,900 ' 46,600 46,000 138,100 € 130,500 ° 
Ferrosilicon* 31,000 30,000 18,300 27,000 59,000 
Silicomanganese 65,400 60,200 54,100 62,400 € 63,400 $ 
Silicon metal* 120,000 118,000 80,000 112,000 : 128,000 
Обег“ 60,000 60,000 60,000 60,000 60,000 
Total® 420,000 ' 315,000 258,000 400,000 ' 441,000 
Georgia, electric furnace:* 
Ferromanganese 5,000 5,000 4,500 "5 8,700 55 9,300 
Silicomanganese 120,000 120,000 112,016 $ 203,464 $ 220,000 
Total 125,000 125,000 116,516 ^* — 212,164 ^5 229,300 
Germany, electric furnace: 
Ferrochromium 22,030 26,960 13,667 17,300 ^* 17,800 
Silicon metal 35,245 29,092 € 27,620 ' 30,105 ' 30,134 $ 
Other*? 5,000 5.000 _ 6,336 "$ 9,200 ' 9,000 
Total® 62,300 61,100 * 47,623 "% 56,600 € 56,900 
Greece, electric furnace, ferronickel® 90,000 87,664 $ 42,423 ° 66,000 80,200 
Iceland, electric furnace, ferrosilicon 110,000 ° 100,000 * 112,993 114,231 120,076 $ 
India, electric furnace:!° 
Ferroaluminum 9,377 8,170 7,017 7,000 * 7,000 
Ferroboron" 80 83 90 $ 95 98 
Ferrochromium® !! 820,000 750,000 873,385 6 850,000 830,000 
Ferromanganese"? 367,700 ' 386,200 ' 399,100 ' 440,000 ' 440,000 $ 
Ferromolybdenum 2,899 2,162 2,822 3,000 * 3,200 
Ferronickel magnesium 122 221 209 210* 210 
Ferrosilicomagnesium 13,525 13,400 17,342 ' 17,000 ° 18,000 
Ferrosilicon® 80,000 92,000 101,337 $ 101,000 105,000 
Ferrosilicozirconium 109 87 120 150 * 170 
Еето ап та 1,937 1,661 2,379 2,200 ° 2,300 
Ferrotungsten 51 150 150 160 * 160 
Ferrovanadium 1,585 1,501 1,769 1,800 ° 1,850 
Silicomanganese!? 790,100 ' 848,700 € 875,500 г 1,000,000 1,296,000 $ 
о ____... _ _- ___-_- --- __- _--, z 
Total® 2,090,000" 2,100,000: 2,280,000" 2,420,000 2,700,000 
Indonesia, electric furnace: 
и °°. Oe 12,000 12,000 12,000 12,000 12,000 
E — 92,500 87,800 62,700 93,300 * 98,200 
Silicomanganese* 6,000 7,000 7,000 8,000 8,000 
Total* 111,000 107,000 81,700 113,000 118,000 
— Oll aao LLL 
| r 
Бо ИИ 8,000 8,000 8,000 8,000 8,000 
Ferrosilicon 45,000 45,000 45,000 45,000 45,000 
Total 53,000 53,000 53,000 53,000 53,000 


See footnotes at end of table. 
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TABLE 7—Continued 
FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY TYPE"? 


(Metric tons, gross weight) 


Dl s EIER 
Country, furnace type, and alloy type *? 2007 2008 2009 2010 2011* 
Лау, electric tumace: ___  __  _____ 


Italy, electric furnace: 


25.10 


so ыы 4,800 8,500 5,500 17,000 18,000 6 
Silicomanganese j , , 
Other В 37,000 25,500 17,000 22,900 ' 24,600 $ 
и 10,000 10,000 10,000 10,000 10,000 
Japan, electric furnace: 21,800 2900 22:09 49,900" 32,600 
Ferrochromium'^ 
КЕБ бїлк. 12,016 13,888 7,698 16,208 16,000 
Е 420,151 431,181 361,375 453,265 456,798 6 
EEUU 4,573 4,554 3,598 4,615 4,500 
“Fanon: ^ M сы ыз e. ee 301,361 284,884 348,420 342,252 P6 
.Femotamum 0 —— —— 7777 7 
Ferrovanadium å NA NA NA NA 
Сое Ка ‚205 3,477 2,560 4,190 4,000 
Other? 52,901 58,884 49,205 49,865 48,798 $ 
~ Toà ———————————— 13,982 14,478 12,957 16,374 16,000 
Kaka m E 858,331 827,823 722271 892.937 888,000 
Ferrochromium 
Ferrochromium silicon 1,307,536 1,220,315 1,173286 1,311,302" 1,300,000 
Сан ume 145,695 133,828 60,829 159,765 ' 130,000 
Siliconen 59,886 54,964 33,100 4,813 ' 10,000 
Silicon metal 188,445 179,939 200,374 224,627" 220,000 
Тога] T UE = - - 1,500 * 8,000 
Korea, North, electric furnace, other | s Ре 1,467,589 1,700,000 =° 1,670,000 
Korea, Republic of, electric furnace: › 10,000 10,000 10,000 10,000 
Ferromanganese 
~ Ferronickel 209,321 251,125 216,400 ' 286,259 ' 355,047 ° 
Silicomanganese ^ 6,600 56,911 55,215 50,069 ™6 
Other rs 76,184 151,100 € 120,779 ' 195,650 $ 
NE ee 4,000 * P ` _ 
эте 319,152 338,000 * 424,411: 462,253 ' 600,766 $ 
Laos, silicon metal, netexpors® SSS 2509 24,300 27,700 30,400 68,100 P 
Macedonia, electric furnace: —_—_ ______-->-______ 2:020 7,350 7770 _____ 3,000 ___ 
Ferromanganese 
Ferronickel* = 12,623 => = 2 
~ Femosiliion ^ ^ ^ ^ ^ ————————— ——— ———. 66,600 65,300 52,200 60,900 70,800 
Ec T S , , 
Silicomanganese ae 42,674 7,657 30,044 ' 56,167 $ 
Total® „472 54,931 Е 36,705 ' 50,756 $ 
ме , , 
Mexico, electric furnace: 171,000 176,000 59,900 128,000" 178,000 
ее ы. 7, Ни и H , — 
—remagnee o 707 74578 
ilicomanganese , 97,366 42,492 d 000 $ 
Тој | — —— ——————————- 109,286 114,320 85.065 ben с 1 ари 6 
И та рар es ш соу, ы з з 
New Caledonia, electric furnace, feronickel —  ——— | d 211,686 127,557 213,500" 213,000 * 
Norwa ‚ electric furnace: | 1,100 144,300 147,200 145,000 148,500 P$ 
crromanganese 
ce", Я 
Ferrosilicon R "308,400 196,700" 297,300" — 337,900 ° 
Silicomanganese 17,000 250,575 207,337 210,000* 200,000 
COLERE ese c ee e. 305,600 ' 262,400 ' 231,300 ' 248,700 ' 266,000 $ 
SO ас шаге 145,782 180,135 169,643 170,000 170,000 
а 20:00 | 60,000 ' 150,000 ' 150,000 ' 150,000 
Peru electric furnace, ferrosilicon® 020,000" — 1,060,000' 955,000" _ 1,080,000' 1,120,000 
Blast furnace, ferromanganese 
~ Electric fumace. О тшшш ы м. 2,100 
; , 8,500 
Ferrosilicon 109 20097 2:099 
Silicomanganese 58,538 56,031 
' , 9,685 г 
: Total, blast and electric furnaces 15,600 25.100 | 53,206 | 53,000 
ее footn t 7796238 ^ т 
otes at end of table. 6,238 89,631 11,385" 55,200®°° 55,000 
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TABLE 7—Continued 
FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY ТҮРЕ”? 


(Metric tons, gross weight) 


Country, furnace type, and alloy type” *? 2007 2008 2009 2010 2011° 
Romania ООО ____208 __ 206 ою aon 
с cA ые = 


Ferrochromium 


Silicomanganese" 
Total 
Russia: 
Blast furnace: 
Ferromanganese 
Ferrophosphorus 
Spiegeleisen 
Electric furnace: 
Ferrochromium 
Ferrochromium silicon 
Ferronickel: 
High-nickel® 16 
Other!” 
Ferroniobium (ferrocolumbium) 
Ferrosilicon 
Ferrotitanium 
Ferrovanadium 
Silicomanganese 
Silicon metal 
Other 
Total, blast and electric furnaces 
Saudi Arabia, electric furnace: 
Ferromanganese 
Silicomanganese 
Other* | 
Total® 
Slovakia, electric furnace: 
Ferromanganese 
Ferrosilicon 
Silicomanganese 


eee 
Other 
eee 


Total 
Slovenia, electric furnace, ferrosilicon 
South Africa, electric furnace: 

Ferrochromium 
Ferromanganese 
Ferronickel, high-nickel 
Ferrosilicon 
Ferrovanadium* 
Silicomanganese 
Silicon metal 

Total® 

Spain, electric furnace: 
Ferromanganese 
Ferrosilicon 
Silicomanganese 
Silicon metal í——À 
Other 

Total 

Sweden, electric furnace: 
Ferrochromium 


.—oecnomium 0 0 0 0 0 
Ferrosilicon* 
Total* 129,000 122,000 36,300 41,000 
LEAL. | __  , 12900 X X (122000 3630 341000 | (4100 
See footnotes at end of table. 
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5,000 


5,000 


5,000 


5,000 


-- 6,000 ' 15,000 ' 14,000 * — 
26,868 ° 10,000 — 21,000 ' 29,000 
26,868 16,000 "° 15,000 : 35,000 =° 29,000 

120,000 110,000 88,000 9 171,600 5 160,000 
3,500 3,500 3,000 3,600 ' 3,600 
7,000 7,000 6,500 5,500 5,000 

570,000 490,000 378,000 © 414,000 430,000 
4,000 4,000 3,500 3,600 ' 3,600 

19,031 17,971 17,489 19,763 19,881 
12,840 13,440 14,040 14,600 14,600 

80 ' 80° 79" 80° 80 

896,100 6 850,000 745,000 916,000 920,000 

МА МА МА 4,000 4,000 
12,000 12,000 8,029 $ 13,057 "5 13,500 
40,000 40,000 98,700 $ 147,900 5 150,000 
54,000 54,000 23,900 48,700 50,000 
22,000 22,000 20,000 18,000 20,000 
1,760,000 " — 1,620,000" — 1,410,000: 1,780,000 ' 1,790,000 
24,800 38,500 37,500 26,000 26,000 
50,400 57,700 60,000 61,300 96,000 
85,000 90,000 80,000 90,000 90,000 
160,000 186,000 178,000 177,000 212,000 
74,065 61,194 21,000 35,449 ' 18,180 ° 
8,583 10,844 8,622 37,034 38,771 $ 
71,587 59,940 32,000 34,960 * 25,023 $ 
5,000 * -- -- -- -- 

159,000 * 131,978 61,622 107,443 г 81,974 $ 
6,000 ° -- -- -- - 

eee 
3,551,983 3,268,659 2,346,132' 3,607,132 3,700,000 

699,000 ' 503,000 ° 239,100 ' 239,100 ' 690,000 
6,667 5,733 1,067 1,040 1,070 

140,000 135,000 110,000 ' 118,000 ' 112,000 

19,000 19,000 14,000 ' 19,000 ' 20,000 
298,400 ' 237,100 ' 135,100 ° 274,400 ' 313,600 ° 
20,000 * 32,000 ' 39,000 ' 56,400 ' 70,600 
4,770,000 * — 4,220,000" ^ 2,880,000 4,320,000" 4,910,000 
156,000 ' 161,000 " 60,100 ' 134,000 " 108,000 
71,000 74,000 44,000 64,400 57,000 
154,000 * 158,000 ' 59,200 ' 132,000 ' 164,000 
32,000 33,000 23,000 32,500 43,000 
5,000 5,000 5,000 5,000 5,000 
418,000 ' 431,000 ' 191,000 " 368,000 " 377,000 
124,403 117,053 31,345 36,000 * 36,000 


5,000 
41,000 


25.11 
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TABLE 7—Continued 
FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY ТУРЕ"? 


Country, furnace type, and alloy уре: : 2007 2008 2009 2010 2011* 


Thailand, electric furnace, silicon metal 
Turkey, electric furnace: 
Ferrochromium 
Еепоз соп“ 
Тога!“ 
Ukraine: 
Blast furnace: 
Ferromanganese 
Spiegeleisen 
Electric furnace: 

Ferromanganese 

Ferronickel 

Ferrosilicon 

Ferrotitanium 

Silicomanganese 

Other? 

Total, blast and electric furnaces” 
United Kingdom, electric furnace, ferrotitanium 
United States, electric furnace: | 

Ferrochromium? 
Ferromanganese ^ 
Ferroniobium (ferrocolumbium) 
Ferrosilicon^? 
Ferrotitanium 
Silicon metal?’ 
Other” 

Total 


Uruguay, electric furnace, ferrosilicon® 


Venezuela, electric furnace: 
Ferromanganese 
Ferronickel® 
Ferrosilicon 


Silicomanganese 
Total 


. Total ___________________________ 
Zimbabwe, electric furnace: 
Ferrochromium 


Femochromum ___________________------- 
Ferrochromium silicon 
Total раан 
Grand total: 
Of which: 
Blast furnace: 
Ferromanganese 


Spiegeleisen 
Other” 


E OER 
26 


Ferrochromium 
Ferrochromium silicon 


Ferromanganese 
Ferromolybdenum 


Ferronickel!® !' | | 
Ferroniobium (ferrocolumbium) 
Ferrosilicon Res N 


ааа 
— Siligomangenese ———— 


(Metric tons, gross weight) 
= = МА 22,500 * 20,000 
69,730 79,840 41,028 60,000 * 60,000 
5,000 4,500 4,000 4,000 4,000 
74,700 84,300 45,000 64,000 64,000 
26,700 16,000 = E = 
4,730 2,000 = " А 
368,000 362,400 129,400 280,100 180,500 5 
79,530 89,825 61,449 62,000 * 62,000 
218,000 152,800 150,300 195,500 150,900 $ 
NA NA NA NA NA 
1,281,000 894,900 741,900 940,400 843,500 $ 
23,700 23,000 23,900 28,500 28,500 
2,000,000 1,540,000 1,110,000 1,510,000 1,270,000 
NA NA NA NA NA 
W W W uu zm 
W W W W W 
NA NA NA NA NA 
220,091 247,655 193,774 370,381 ' (21) 
МА МА МА МА МА 
W W W W (21) 
W W W W W 
220,091 247,655 193,774 370,381 ' 437,010 623.2 
200 200 200 200 200 
20,000 ' 20,000 ' 15,800 ' 5,300 ' 12,000 
68,506 42,300 40,113 45,200 ' 51,800 
94,000 88,000 52.100 76,800 70,000 
52,000 г 52,000 ' 45,800 ' 16,500 ' 24,000 
235,000 ' 202,000 ' 154,000 ' 144,000 ' 158,000 
187,327 145,430 72,223 146,000 ^* 140,000 
3,097 1,612 603 - -- 
190,424 147,042 72,826 146,000 =° 140,000 
38,100,000 * 37,500,000" 38,100,000" 45,200,000" 47,300,000 
749,000 735,000 440,000 524,000 512,000 
11,700 9,000 6,500 5,500 5,000 
53,500 53,500 33,000 33,600 33,600 
8,410,000 8,070,000" 7,030,000: 9,290,000" 9,550,000 
164,000 151,000 76,400 175,000 ' 145,000 
5,150,000" 5,170,000" 4,050,000" 4,990,000" 5,540,000 
88,300 109,000 112,000 115,000 130,000 
2,050,000 1,690,000 1,600,000 2,020,000 2,030,000 
56,900 ' 58,300 ' 39,400 ' 57,300 ' 57,300 
7,310,000 7,430,000 7,300,000: 8,040,000" 7,770,000 2 
36,800 37,000 27,300 ' 38,900 ' 40,300 
8,510,000 * — 8,670,000" 8,550,000" 9,890,000" 10,500,000 | 
1,600,000 1,680,000 1,800,000 * — 1,990,000 * 2,130,000 : 
3,610,000" 7,060,000" — 8,070,000 " 8,900,000 


— c MEM 
Other" - 
sgstimated. "Preliminary. 


3,940,000 ' 


"Revised. W Withheld to avoid disclosing company propri 


etary data; not included in 
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“Total.” NA Not available. -- Zero. 
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TABLE 7——Continued 
FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, FURNACE TYPE, AND ALLOY ТҮРЕ"? 


"World totals, U.S. data, and estimated data аге rounded to no more than three significant digits; may not add to totals shown. 
"Table includes data available through December 13, 2012. 
?[n addition to the countries listed, ferrotungsten is produced in China, Russia, and Vietnam; Austria, China, and Germany are thought to have 
produced ferroniobium (ferrocolumbium); and Iran is thought to have produced ferromolybdenum and silicomanganese, but production 
information is inadequate for the formulation of estimates of output levels. 
*To the extent possible, ferroalloy production of each country lias been separated according to the furnace from which production is obtained; 
production derived from metallothermic operation is included with electric furnace production. 
?To the extent possible, ferroalloy production of each country has been separated to show the following individual major types of ferroalloys: 
ferrochromium, ferrochromium silicon, ferromanganese, ferromolybdenum, ferronickel, ferroniobium (ferrocolumbium), ferrosilicon, 
ferrovanadium, silicomanganese, silicon metal, and spiegeleisen. Ferroalloys other than those listed that have been identified specifically in 
sources, as well as those ferroalloys not identified specifically, but which definitely exclude those listed previously in this footnote, have been 
reported as "Other." Where one or more of the individual ferroalloys listed separately in this footnote have been inseparable from other 
ferroalloys owing to a nation's reporting system, deviations are indicated by individual footnotes. 
SReported figure. 
"Includes high- and low-carbon ferrochromium. 
*China currently makes several different types of ferronickel. These products range from a low nickel pig iron (for example, Zhejiang Huaguang 
Smelting Group Co., Ltd., 8.5% to 9.0% nickel) to high nickel ferronickel carbonyl powder (Jilin Jien Nickel Industry Co., Ltd., 7094 to 8094 
nickel). The gross weight figures are based on average estimated content ranging from 20% to 25% nickel. 
?Includes, if any, ferrochromium silicon and ferronickel. 
Reported on a fiscal year basis, which is from April 1 to March 31, unless otherwise noted. 
"Includes charge chrome and ferrochrome. 
Reported on a calendar year basis. 
Excludes calcium-silicon. 
"Includes high- and low-carbon ferrochromium and ferrochromium silicon. 
Includes calcium-silicon, ferrocolumbium, and other ferroalloys. 
5Low-iron ferronickel containing greater than 85% nickel. 
"Includes ferronickel chromium and nickel-resist cast iron produced from scrap. 
ISU S. output of ferrochromium includes chromium metal, high- and low-carbon ferrochromium, ferrochromium silicon, and other chromium 
materials. 
PU.S. output of ferromanganese includes silicomanganese. 
Net production. 
? Withheld to avoid disclosing company proprietary undifferentiated data; data included in “United States, total“ and excluded from “Grand total.” 
“May include ferroboron, ferrocolumbium, ferromolybdenum, ferrophosphorus, ferrotitanium, ferrovanadium, nickel columbium, and silvery pig iron. 
Includes undifferentiated ferrosilicon and silicon metal to avoid disclosing company proprietary data. 
Бог January 2011, data include ferrosilicon and silicon alloys only. 
“Includes ferrophosphorus and data contained in “Blast furnace: Other.” 
"Ferrochromium includes ferrochromium silicon, if any, for Japan, South Africa, and the United States. 
Excludes total U.S. net production of ferrosilicon. 
"*Excludes total U.S. net production of silicon metal. 
"Includes ferroaluminum, ferroboron, ferronickel magnesium, ferrosilicomagnesium, ferrosilicozirconium, ferrotitanium, ferrotungsten, and 
U.S. total silicon materials for 2011. | 
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FLUORSPAR 
By M. Michael Miller 


Domestic survey data and tables were prepared by Samir Hakim, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


In 2011, there was no primary fluorspar production in the 
United States, although a small amount of fluorspar may 
have been recovered as a byproduct of limestone quarrying 
in Illinois and then screened and sold as metallurgical grade. 
The bulk of U.S. consumption was supplied by imports and by 
small amounts of byproduct synthetic fluorspar produced from 
industrial waste streams. Byproduct fluorosilicic acid (F SA) 
production from some phosphoric acid producers supplemented 
fluorspar as a domestic source of fluorine but was not included 
in fluorspar production or consumption calculations. 

Fluorspar is used directly or indirectly to manufacture 
such products as aluminum, gasoline, insulating foams, 
plastics, refrigerants, steel, and uranium fuel. Most fluorspar 
consumption and trade involve either acid grade (also called 
acidspar), which is greater than 9796 calcium fluoride (CaF,), 
or subacid grade, which is 97% or less CaF,. Subacid grade 
includes metallurgical and ceramic grades and is commonly 
called metallurgical grade or metspar. 

World fluorspar production increased in 2011 by more 
than 300,000 metric tons (t) to 7.52 million metric tons (Mt) 
compared with the revised figures for 2010. Production 
estimates for China were revised retroactively to 2008 based on 
new data. In descending order, Mexico, China, South Africa, 
and Kenya recorded the largest production increases in 2011 and 
accounted for most of the increase. 


Production 


In 2011, small amounts of byproduct fluorspar may have 
been produced in Illinois by a single company, but there was 
no attempt to collect data on quantities produced. There is 
no U.S. Geological Survey (USGS) data survey for synthetic 
fluorspar produced in the United States. FSA was produced 
а5 à byproduct from the processing of phosphate rock into 
phosphoric acid. Domestic production data for FSA were 
developed by the USGS from a voluntary canvass of U.S. 
phosphoric acid operations known to recover FSA. Of the five 
FSA operations surveyed, responses were received from four 
plants, representing 98% of the total sold or used by producers. 
Production and sales data for the one nonrespondent were 
estimated based on prior year company data. 

In 2011, three companies produced marketable byproduct 
FSA at phosphoric acid plants (part of phosphate fertilizer 
operations). J.R. Simplot Co., Mosaic Fertilizer (a subsidiary 
of The Mosaic Co.), and PCS Phosphate Co. Inc. operated five 
plants in Florida, Louisiana, North Carolina, and Wyoining 
that produced marketable F SA. Production of byproduct 
FSA was slightly less than that in 2010 at 70,300 t (100% 
basis H,SiF,), and quantities sold or used totaled 70,200 t 
(equivalent to about 124,000 t of fluorspar grading 92% CaF.) 
Valued at $13.4 million. 
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Some synthetic fluorspar was recovered as a byproduct of 
petroleum alkylation, stainless steel pickling, and uranium 
processing. The majority of the marketable product was 
estimated to come from uranium processing, but the actual 
amount of synthetic fluorspar recovered is unknown. 

Hastie Mining and Trucking Co. (Cave-In-Rock, IL), 

Core Metals Group (Aurora, IN), and Seaforth Mineral & Ore 
Co. Inc. (East Liverpool, OH) marketed screened and dried 
imported acid- and metallurgical-grade fluorspar. Hastie Mining 
also screened and sold small amounts of byproduct fluorspar 
from the company’s limestone quarry operation. 

Hastie Mining continued work on the development of its 
Klondike II underground fluorspar mine in Livingston County, 
KY. Site preparation work continued, and work started on 
excavating the incline that would provide access to the vein 
deposit. At yearend 2011, excavation work was well underway, 
and the company anticipated reaching the orebody and 
beginning to mine ore by yearend 2012. In 201 l, the company 
drilled an additional 10 exploration holes on the deposit, which 
more than doubled the reserves from the first phase of drilling 
to about 4 Mt (Don Hastie, Hastie Mining & Trucking Co., 
oral commun., February 24, 2012). Hastie Mining has been 
working with Arkema Inc. (Colombes, France), which operates 
a fluorochemicals plant in nearby Calvert City, K Y. The Calvert 
City plant formerly operated a hydrofluoric acid (HF) plant, but 
it was shut down in the mid- 1990s, and since then the plant has 
relied on imports of HF for its feedstock. Arkema has considered 
constructing a new HF plant at Calvert City to take advantage of 
the expected acid-grade production from the Klondike II Mine: 
no official decision had been made by yearend. | 


Consumption 


Domestic consumption data were developed by the USGS 
from a quarterly survey of two large consumers that provide 
data on HF consumption and four distributors that provide 
data on the merchant market (metallurgical and other uses). 
Complete quarterly data were received from the two HF 
producers, while partial data were received from the four 
distributors, with estimates made for nonrespondents. These 
responses and estimates accounted for 100% of the reported 
consumption in table 2. 

Industry practice has established three grades of 
fluorspar—acid grade, containing more than 97% СаЕ,; ceramic 
grade, containing 85% to 95% CaF,; and metallurgical grade 
normally containing 60% to 85% СаЕ,. Fluorspar grades are | 
defined by the intended use, but these grades are essentially 
just ranges derived from customer and supplier specifications 
For reasons ranging from availability to economics to process 
changes, U.S. consumers have been moving toward the use of 
higher-grade fluorspar. For example, welding rod manufacturers 
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may use acid-grade fluorspar rather than ceramic grade, 
and some steel mills use ceramic or acid grade rather than 
metallurgical grade. 

Total reported U.S. fluorspar consumption was 454,000 t, a 
slight increase compared with that of 2010 (table 2). Because 
ofthe closure of the single aluminum fluoride (АЈЕ,) producer 
in 2008, consumption data for the two HF producers has been 
combined with “Other” uses in table 2 to avoid disclosing 
company proprietary data. As a result of a substantial increase 
in imports, apparent consumption (normally defined as 
production plus imports minus exports plus or minus changes 
in stocks) increased by about 37% to 672,000 t. However, some 
uncertainty exists about the accuracy of the large increase in 
U.S. fluorspar imports, as no direct reason for the large increase 
was evident and the reported exports of fluorspar to the United 
States from its major trading partners were much lower than 
reported U.S. imports. 

Acid-grade fluorspar, which accounted for 93% of the total 
U.S. reported fluorspar consumption, was used primarily as a 
feedstock in the manufacture of HF. Two companies reported 
fluorspar consumption for the production of HF in 2011—E.I. 
du Pont de Nemours & Co. Inc. (DuPont) and Honeywell 
International Inc. Fluorspar consumption for HF production 
increased by about 496 compared with that of 2010. Since most 
acid-grade fluorspar is converted to HF before consumption, HF 
uses and markets are key to analyzing fluorspar consumption. 

The leading use of HF was for the production of a wide 
range of fluorocarbon chemicals, including hydrofluorocarbons 
(HFCs) and hydrochlorofluorocarbons (HCFCs), 
fluoroelastomers, and fluoropolymers. Production of these 
compounds accounted for about 75% of domestic HF 
consumption and 40% of world HF consumption. Major U.S. 
producers were Arkema, DuPont, Great Lakes Chemical Corp., 
Honeywell, Mexichem Fluor, Inc., MDA Manufacturing Ltd., 
and Solvay Solexis Inc. 

The U.S. Environmental Protection Agency (EPA) approved 
two hydrofluoroolefin (HFO) compounds as replacements 
for chlorofluorocarbons—HFO-1234ze and HFO-1234yf. 

The compound HFO-1234ze, developed by Honeywell, has 
been approved for use as a foam blowing agent. HFO-1234ze 
has a very low global warming potential (GWP) (6, where 
carbon dioxide=1), is nonflammable, and can replace existing 
high-GWP blowing agents such as НЕС-134а (GWP=1,320) 
and НЕС-152а (GWP=122) (SprayFoam.com, Inc., 2011). 
HFO-1234yf (GWP=4), which was jointly developed by | 
Honeywell and DuPont, may now be used in air RE ш, 
for new cars and light trucks. It is the likely aet О : 
НЕС-134а, which is the standard refrigerant dein y 2 

in most modern vehicles (U.S. Environmental 5 rotectio 


Agency, 2011). 
In a related matter, th 


by several environmenta 


e EPA agreed to grant a petition filed 
| groups to withdraw the agency's 
RR CAES ee 
C-134a for use 1n ат conditioning syst 
approval of мад light duty vehicles (passenger cars, pick-up 
ans, and sport utility vehicles). A formal “notice 
ent rulemaking to set the phaseout schedule was to 
an (SustainableBusiness.com News, 2011). 
О | 
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Honeywell (Morristown, NJ) announced an expansion of its 
fluorochemical manufacturing plant in Baton Rouge, ГА. The 
expansion project was expected to include construction of a new 
production line to manufacture HFO-1234ze. НЕО–12347е 
has been approved for use in aerosols and as a foam-blowing 
agent. The company’s investment was considered critical 
to the viability of its Baton Rouge facility, as production of 
the site’s primary product decreased substantially in 2011 
and was expected to continue to do so as a result of current 
environmental regulations (Honeywell International Inc., 2011). 

Internationally, acid-grade fluorspar was used in the 
production of AIF, and cryolite (Na,AIF,), which are the main 
fluorine compounds used in primary aluminum smelting. 
Alumina (ALO,) is dissolved in a bath that consists primarily 
of molten cryolite and small amounts of AIF, and fluorspar 
to allow electrolytic recovery of aluminum. During the 
aluminum smelting process, excess sodium in the bath (a result 
of impurities in the alumina) is controlled by the addition of 
AIF,, which reacts with the sodium to form cryolite. This 
reaction results in excess bath material, which is drawn off 
in a liquid form, allowed to cool and solidify, and can then 
be crushed and reused to start up new pots or to compensate 
for electrolyte losses. This excess material is called crushed 
tapped bath, secondary cryolite, bath cryolite, and other terms. 
In the aluminum smelting process, AIF, is also used to replace 
fluorine losses (either absorbed by the bath walls or captured 
as emissions). Most AIF, is produced directly from acid-grade 
fluorspar or from byproduct FSA. The United States ceased 
production of AIF, in 2008 when Alcoa World Alumina LLC 
(a business unit of Alcoa Inc.) closed its Point Comfort, TX, 
production facility. The AIF, requirements of U.S. aluminum 
industry are now met through imports (table 8). 

The merchant fluorspar market in the United States included 
sales of metallurgical- and acid-grade material mainly to 
steel mills, where it was used primarily as a fluxing agent 
to increase the fluidity of the slag. Sales were also made to 
smaller markets such as cement plants, foundries, glass and 
ceramics plants, and welding rod manufacturers in railcar, 
truckload, and less-than-truckload quantities. Complete 
data on merchant fluorspar sales cannot be shown because 
consumption of acid-grade fluorspar for HF production has 
been combined with other uses in table 2 to prevent disclosure 
of company proprietary data. In 2011, based on available data, 
merchant sales (excluding acid-grade for other uses) decreased 
by 896 compared with those of 2010. During the past 20 to 
30 years, fluorspar usage in such industries as steel and glass 
has declined because of product substitutions or changes 1n 
industry practices. 

The U.S. steel industry continued its recovery from the effects 
of the 2008-09 recession, which resulted in a 36% decrease 1 
steel production in 2009 compared with that of 2008. In 2010, 
steel demand picked up significantly, and production increase 
by 3896 compared with that of 2009. In 2011, the recovery | 
continued, albeit at а slower rate, and steel production increase 
by 7% (World Steel Association, undated). In the United States, 
reported consumption of fluorspar in metallurgical markets | 
(mainly steel) increased by nearly 13% compat ed with that о 
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2010. Consumption in this sector was 72% metallurgical grade 
and 28% acid grade. 

In the United States, FSA is used primarily for water 
fluoridation, but it may also be used as a metal surface treatment 
and cleaner and for pH adjustment їп industrial textile 
processing or laundries. It can also be used in the processing of 
animal hides, for hardening masonry and ceramics, and in the 
manufacture of other chemicals. In 2011, byproduct FSA sold 
for water fluoridation was 65,900 t valued at $12.1 million, 
and 4,230 t valued at $1.33 million was sold or used for other 
applications. 


Stocks 


Data for stocks were available from some fluorspar 
distributors and HF producers. Known consumer and distributor 
stocks at the end of 2011 totaled 162,000 t. This represented 
nearly a 24% increase in known consumer and distributor stocks 
from yearend 2010. The last sales from the National Defense 
Stockpile were made in 2006, and Government stocks of 
fluorspar were zero. 


Transportation 


The United States depends on imports for most of its fluorspar 
supply. Metallurgical-grade fluorspar is shipped routinely as 
lump or gravel, with the gravel passing a 75-millimeter (mm) 
sieve and not more than 10% by weight passing a 9.5-mm sieve. 
Acid-grade fluorspar is shipped in the form of damp filtercake 
that contains 7% to 10% moisture to facilitate handling and to 
reduce dust. This moisture is removed by heating the filtercake 
in rotary kilns or other dryers before treating with sulfuric acid 
to produce HF. Acid-grade imports from China and South Africa 
are usually shipped by ocean freight using bulk carriers of 
10,000- to 50,000-t deadweight capacity; ships in this size range 
are termed “handymax.” Participants negotiate freight levels, 
terms, and conditions. Some acid grade and ceramic grade is 
marketed in bags for small users and shipped by truck. 

According to the Baltic Dry Index (BDI), which tracks 
worldwide international shipping prices of handymax, panamax, 
and capesize dry bulk carriers, ocean freight rates fluctuated 
during 2011 but were even lower than those of 2010. The 
BDI began the year at about 1,600 (compared with about 
3,100 the previous January), fluctuated between a low of 
1,045 and a high of 2,173 before ending the year at slightly 
above 1,600. The traditional explanation for a low BDI was 
low demand for shipping (especially in Europe). In addition, 
demand was adversely impacted by weather-related commodity 
export bottlenecks in some countries, and deliveries of new 
ships added capacity faster than old ships were taken out of 
commission (Pacific Basin Shipping Ltd., 2011, p. 4; Bloomberg 
L.P., 2012). The low shipping rates benefited fluorspar buyers 
who could take advantage of low fluorspar prices and low ocean 
freight rates. 


Prices 


Yearend 201 1 acidspar and metspar prices increased for all 
major exporting countries when compared with those at yearend 
2010. According to Industrial Minerals magazine, fluorspar 
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prices began rising in the first quarter of 2011 and continued to 
rise in the second quarter. Prices for Chinese fluorspar, acidspar 
and metspar, exhibited the largest increases owing to increases 
in production costs, appreciation of the Chinese yuan to the U.S. 
dollar, and rising demand. Chinese acidspar prices stabilized 

in the third quarter, but free-on-board (f.o.b.) China prices 
decreased in the fourth quarter. Mexican high-arsenic acidspar 
prices stabilized in the second quarter and remained unchanged 
through the rest of the year. The price of Mexican low-arsenic 
acidspar, however, increased throughout 2011 and the fourth 
quarter f.o.b. price was higher than comparable Chinese 
acidspar £.o.b. China. South African acidspar prices saw some 
late year movement upward, but remained lower than Chinese 
or Mexican prices (table 3). Rising fluorspar prices have caused 
price increases for fluorspar-derived products such as aluminum 
fluoride and fluoropolymers. For example, Daikin Industries, 
Ltd. (Osaka, Japan) raised the prices for all fluorochemical 
products by 20% to 3096, effective March 1, 2011. The company 
cited rising raw material costs for fluorspar and hydrofluoric 
acid as the reasons (Daikin Industries, Ltd., 2011). 


Foreign Trade 


In 2011, U.S. exports of fluorspar totaled 24,100 t, an increase 
of 34% compared with those of 2010 (table 4). With the absence 
of fluorspar stocks in the National Defense Stockpile and only а 
small amount of mined fluorspar, exports are likely reexports of 
imported material. The leading recipients of U.S. exports were 
Canada (53%) and Taiwan (41%). 

In 2011, imports for consumption of fluorspar increased 
by 35% compared with those of 2010 (table 5). The leading 
suppliers of fluorspar to the United States were Mexico (78%), 
China (16%), and South Africa (5%). 

The following imports are compared with those of 2010: 
imports of HF decreased slightly to 132,000 t (table 6); the 
majority of HF imports were from Mexico (83%), with Canada 
(12%) and China (4%) supplying most of the balance. Imports 
of cryolite increased by 80% to 9,560 t (table 7). A large portion 
of the increase came from Canada, Iceland, and Mozambique 
and was thought to be crushed tapped bath rather than synthetic 
cryolite. Imports of AIF, increased by 9% to 41,000 t (table 8) 
with almost all coming from three countries—Mexico (44%) | 
Canada (34%), and China (21%). 
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World Review 


Fluorspar production estimates for China have been revised 
for 2008—10 based on recent data released by the Chinese 
Government. There is still uncertainty, however, concerning 
the data's accuracy and some industry analysts consider these 
numbers to be too high. In 2011, incorporating these revised 
data, world production was 7.52 Mt, an increase of nearly 594 
compared with that of 2010. 

Bulgaria.—Solvay S.A. (Brussels, Belgium) announced 
that it had acquired a fluorspar mine near Chiprovtzi from the 
Italy-based N&N Group. The agreement included the transfer 
of all fluorspar concession and exploration rights to Solvay. 
Production capacity was about 30,000 metric tons per year (у ) 
of mostly acid-grade fluorspar, with plans to increase E 
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to 50,000 Џуг by yearend 2011 (Solvay S.A., 2011). Despite this 
announcement, according to industry sources, production was 
less than 5,000 t in 2011. 
Canada.—Canada Fluorspar Inc. (CFI) (Markham, Ontario) 
and Arkema signed an agreement worth about $85 million 
to fund reopening of the St. Lawrence fluorspar mine. The 
agreement called for the initial purchase of about $16 million of 
CFI shares. The deal combined the mine, mill, and associated 
assets into a limited partnership in which CFI and Arkema 
will each hold 50% stakes. As part of the partnership, CFI 
and Arkema will enter into an offtake agreement whereby the 
partners will each receive a prorated share of the output at a 
price equal to the cost of production plus an agreed-upon fee. 
In addition, for a period of 10 years, Arkema will have the 
right to purchase approximately 20% of CFI’s share of the 
output on a pricing basis that includes costs plus a fixed margin. 
Arkema agreed to fund the partnership with about $70 million 
(Canada Fluorspar Inc., 2011). The mine last operated in 
the early 1990s and is near the town of St. Lawrence on the 
Burin Peninsula of Newfoundland Island in the Province of 
Newfoundland and Labrador. 

China.—A World Trade Organization (WTO) dispute 
settlement panel ruled that aspects of China’s export policies on 
several important industrial raw materials (including fluorspar) 
were inconsistent with China’s WTO obligations. The panel 
recommended that China bring its policies into conformity with 
its WTO obligations, although China had until 
September 3, 2011, to appeal the findings. The WTO panel’s 
findings were the result of complaints filed in 2009 by the 
European Union, Mexico, and the United States about China’s 
policy of applying export duties, export licenses, export quotas, 
and minimum export prices on fluorspar and several other 
mineral commodities. The panel found that China’s export 
duties and export quotas were inconsistent with WTO rules, and 
that certain aspects of China’s export licensing system restricted 
exports and were therefore inconsistent with WTO rules. China 
argued that its export policies were justified on grounds of 
natural resource conservation, but the panel found that China 


imposed such export restrictions 


was unable to prove that it i s 
while restricting domestic production or consumption of the raw 


materials in order to conserve the raw materials (O'Driscoll, | 
2011). On September 2, China appealed the WTO ruling that its 
export restrictions were inconsistent with WTO rules. The WTO 
panel had 3 months to rule on China’s appeal (United Press 
International, Inc., 2011). A final ruling on China’s appeal had 
not been made by yearend 2011. | 
China’s 2011 fluorspar exports were 722,000 t, an increase 

of 21% compared with those of 2010. Of the total, metspar 
accounted for 289,000 t with the Republic of Korea, India, | 
and Japan, in descending order, being leading reported trading 

artners. Acidspar exports totaled 433,000 t, with the United | 
сш Тарап, India, the Netherlands, and Canada, in descending 
order, being the leading trading partners. Net Chinese | 
fluorspar exports were 626,000 t, since aun imported near A 
96,000 t of metspar in 2011, of which 96% came from Mongolia 


‘ted Nations, 2012). | 
Ls Indian firms Gujarat 


dia.— | 
(ОМрС) (Ahmedabad, Gujarat), 


Mineral Development Corp. 
Gujarat Fluorochemicals Ltd. 
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(Noida, Uttar Pradesh), and Navin Fluorine International Ltd. 
(Mumbai, Maharashtra) entered into a joint venture to construct 
a fluorspar flotation mill in India with a capacity to produce 
40,000 t/yr of fluorspar concentrate. GMDC would supply the 
fluorspar and hold a 50% stake, while the other two companies 
would each hold 25% shares. Gujarat Fluorochemicals and 
Navin produce fluorocarbon refrigerants and fluoropolymers 
(Economic Times, The, 2012). 

Mexico.—Mexichem S.A.B. de СМ. (Tlalnepantla) 
announced that it had received permission from the 
Mexican antitrust commission to acquire Mexico’s second 
leading fluorspar producer Fluorita de Mexico S.A. de C.V. 
(Mexico City). Fluorita de Mexico, which reportedly has 
more than 13 Mt of reserves, mined high-purity low-arsenic 
fluorspar in the State of Coahuila. This acquisition gives 
Mexichem access to low-arsenic fluorspar that would 
supplement the company's production of high-arsenic 
fluorspar from its mine in San Luis Potosi. Mexichem intended 
to invest in the modernization of Fluorita de Mexico's 
facilities and to increase its annual production capacity 
(Mexichem S.A.B. de C.V., 2011). 

Mongolia.—Mongolia's fluorspar mining industry continued 
to expand in 2011. As of midyear 2011, the Government had 
issued 139 mining licenses and more than 700 exploration 
licenses, and more than 120 entities were involved in some 
stage of the fluorspar mining industry. Eight companies 
operated or were constructing flotation mills (in descending 
order of capacity)—Mongolrostsvetmet LLC, Kevin Invest 
LLC, Yantai Uul LLC, Mongolia International Minerals 
Corp., Northwind LLC, Chuluut International LLC, Boston 
International LLC (under construction), and Resource Min Kom 
LLC (under construction). The total capacity of these plants 
was 265,000 t/yr, although only Mongolrostsvetmet operated 
year round. Mongolia exported a range of fluorspar products 
that included fluorspar lump at 35% to 70% CaF,, lump at 
75% CaF,, lump at 80% to 92% CaF,, acid grade at 95% CaF,, 
and acid grade at 97% CaF,. According to midyear 2011 data 
on exports, Mongolia shipped 96% of its fluorspar exports to 
Russía (7096) and China (2696). Most of Russia's imports were 
consumed for aluminum and steel production (Dorjbal, 2011). 

Norway.—In 2011, Tertiary Minerals plc (Macclesfield, 
United Kingdom) reported that significant progress had been 
made at the company's Lassedalen fluorspar mine project in 
southern Norway. Tertiary Minerals relogged drill core from 
23 of the 28 surface diamond holes drilled in the 19705. This 
core was resampled for assay and metallurgical test work 18 
order to economically accelerate the definition of a J ORC 
(Joint Ore Reserves Committee—an Australasian code for 
reporting exploration results) compliant inferred mineral 
resource, which could form the basis for a scoping study 
(Tertiary Minerals plc, 2011, p. 8). 

South Africa.—Sallies Ltd. (Pretoria) restarted fluorspar Р 
production at its Witkop Mine іп March 2011, and by the en 
of June, had produced 32,000 wet metric tons of acid-grade 
fluorspar and had exported 11,100 wet metric tons at nae 
prices in excess of $387 per dry metric ton. Witkop’s produe 
reportedly was sold through the end of December 2011. 
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Future production was expected to be about 135,000 t/yr 
(Sallies Ltd., 2011). 

In September, Firebird Global Fund II (New York, NY) 
announced the sale of its majority holding in Sallies to Fluormin 
ple (London, United Kingdom). This was the culmination of 
the deal announced in late 2010 between Firebird and Maghreb 
Minerals plc, which subsequently changed its name to Fluormin. 
Sallies became part of Fluormin, which also owned a minority 
share in Kenya Fluorspar Co. (Nairobi, Kenya) and a 49% share 
of FluorOne Trading Ltd. FluorOne was set up in 2011 and 
was expected to be involved in all aspects of trading fluorspar 
(whether produced by the Fluormin group of companies or from 
other firms) and planned to market all fluorspar production from 
the Witkop Mine (Fluormin ple, 2011, р. 4—5). 

Sweden.—Tertiary Minerals performed a resource definition 
drilling program and reported a maiden JORC compliant mineral 
resource on its Storuman fluorspar project in the Vasterbottens 
district. The results were an indicated and inferred mineral 
resource of 28 Mt grading 10.2% CaF,, with 90% of the mineral 
resource reportedly in the “indicated” category. The company 
began preliminary feasibility studies, environmental baseline 
sampling programs, mine and environmental permitting studies, 
and ran additional metallurgical tests on the ore. Additional 
drilling to the west and northwest of the mineral resource 
established that a potentially much larger fluorspar resource with 
higher grade mineralization existed, although still low grade 
by international standards. The new resource would require 
underground mining, which highlighted the need to include an 
evaluation of underground mining options in the preliminary 
feasibility studies (Tertiary Minerals plc, 2011, р. 6-9). 

United Kingdom.—Fluorspar producer Glebe Mines Ltd. 
(Derbyshire), which ceased operations in December 2010, was 
acquired by a small group of investors in September. Plans were 
to restart mine and mill production, but at yearend, Glebe Mines 
was still idle (Lambert, 2011). 

Vietnam.—Efforts to develop the Nui Phao polymetallic 
mining project have been going on for years, but with its 
acquisition in 2010 by the Masan Group Corp. (Ho Chi Minh 
City) the project took on new life. Nui Phao was placed under 
the control of the Masan Group's mineral resource division, 
Masan Resources Corp. In 2011, Masan signed agreements 
for more than $200 million in additional project financing, 
commenced design work, acquired necessary equipment, 
began construction of earthworks and concrete works, and 
hired a mining contractor that started prestripping the orebody. | 
By yearend 2011, land acquisition, compensation, and 
resettlement plans for displaced local inhabitants had been 
nearly completed. Production was scheduled to begin in 2013, 
at Which time the mine would produce substantial amounts of 
bismuth, fluorspar, and tungsten, with lesser amounts of copper 
and gold. When in full production, the mine was expected to 
produce an average of 207,000 tyr of acid-grade fluorspar 
(Masan Group Corp., 2012, p. 4-11, 37). 


Outlook 
The outlook for fluorspar has some long-term concerns 


пе include environmental pressures opposing the use of 
me fluorochemical products, safety concerns for the use 
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of HF, availability of future fluorspar supplies, and a shift 
in fluorspar-consuming industries to Asia. More immediate 
problems result from the effects of a slowdown in the 
global economy. This slowdown has had a direct adverse 
effect in metallurgical markets such as aluminum and steel, 
which may continue. 

Long-term demand for fluorspar may depend to a large 
degree on the development and acceptance of fluorine-based 
replacements for existing fluorocarbon compounds, which 
are likely to be phased out owing to high GWP. Strong 
replacement candidates are hydrofluoroolefins HFO—1234yf and 
HFO-1234ze for use in automotive air-conditioning systems and 
foam blowing, respectively. These two compounds each have 
low GWP and rapidly break down in the atmosphere. For the 
fluorspar industry, they also have the advantage of containing 
greater amounts of fluorine (thus requiring more fluorspar to 
manufacture) compared with some of the compounds they 
would replace. | 

Demand for fluorspar in China has slowed as its economy 
has slowed. This has resulted in an increase in fluorspar exports 
in the short term; in the long term, exports from China still 
are expected to decline as more is consumed domestically, 
and China reduces fluorspar inining to conserve fluorspar 
resources. After depending on China for the past 20 years as 
the primary source of fluorspar, fluorochemical companies 
have become concerned about the future availability of 
fluorspar on the open market. This has resulted in a number of 
acquisitions of fluorspar mines by fluorochemical companies to 
guarantee secure supplies, and in one case the acquisition of a 
fluorochemical company by a fluorspar producer. 

Major markets for fluorspar in developed countries have 
been stagnant or have decreased as first HF and more recently 
fluorocarbon production has moved to China, and aluminum 
smelting capacity has moved to countries or regions with 
access to abundant, low-cost energy. This shift is evident in the 
increasing HF and fluorocarbon production capacity in China 
and the reduced capacities in traditional production areas in 
Europe, Japan, and North America. China is already the world's 
leading fluorspar consumer, and its share of global consumption 
will likely continue to increase in the future. 
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TABLE 1 
SALIENT FLUORSPAR STATISTICS? 
2007 2008 2009 2010 2011 
United States: 

Exports: : 
Quantity metric tons 13,600 18,800 14,100 17,900 24,100 
Value* thousands $2,650 $3,340 $2,230 $2,740 $3,780 

Imports for consumption:? 

Quantity metric tons 620,000 572,000 475,000 539,000 727,000 
Value? thousands $111,000 $133,000 $105,000 $103,000 $154,000 

Consumption: 

Reported metric tons 539,000 506,000 - 400,000 446,000 ' 454,000 


— eer OU 424,000 € 
Apparent® do. 613,000 529,000 473,000 492,000 " 672,000 


Stocks, December 31: 


Consumer and distributor do. 90,100 115,000 103,000 131,000 € 162,000 
Government stockpile do. 1,450 € ie == = 
World, production do. 5,720,000 " 6,920,000" 6,420,000" 7,180,000 " 7,520,000 * 


“Estimated. ‘Revised. do. Ditto. -- Zero. 

"Data are rounded to no more than three significant digits. 

Does not include byproduct ог synthetic fluorspar production. 

Збошгсе: U.S. Census Bureau; data may be adjusted by the U.S. Geological Survey. 
“Free alongside ship values at U.S. ports. 

*Cost, insurance, and freight values at U.S. ports. 

‘Imports minus exports plus adjustments for changes in stocks. 


TABLE 2 
U.S. REPORTED CONSUMPTION OF FLUORSPAR, BY END USE! 


(Metric tons) 
Containing more than Containing not more than 
97% calcium fluoride 97% calcium fluoride Total 
End use or product 2010 2011 2010 2011 2010 201 
Hydrofluoric acid and aluminum fluoride W W -- ~- W W 
Metallurgical 10,900 12,000 26,800 ' 30,400 37,600 ' 42,400 
Other? 409,000 * 412,000 = -  409000' 412000 


Other _________ 
Total 419,000" 424,000 26,800 ' 30,400 446,000" 454.000 


мое; consumer, December 31 112,000 ' 145,000 19,000 ' 17,500 131,000 ' 162,000 
Revised. W Withheld to avoid disclosing company proprietary data; included in “Other.” -- Zero. | 
'Data are rounded to no more than three significant digits; may not add to totals shown. 

*May include cement, enamel, glass and fiberglass, hydrofluoric acid, steel castings, and welding rod coatings. 


FLUORSPAR—2011 
26.7 


26.8 


TABLE 3 
PRICES OF IMPORTED FLUORSPAR 


(Dollars per metric ton) 


Source and grade 2010 2011 
Acidspar: 


Chinese, dry basis, cost, insurance, and freight (c.i.f.) Gulf port, filtercake 360-380 550-650 


Mexican, free on board (f.o.b.) Tam ico, filtercake 260—290 400—450 
р ее 260290 400450 


Mexican, f.o.b. Tampico, arsenic <5 parts per million 280—320 540—550 
South African 


, f.o.b. Durban, filtercake 290—310 330-335 
Metspar, Mexican, f.o.b. Tampico 170-200 230-270 


Source: Industrial Minerals magazine (London). 


TABLE 4 
U.S. EXPORTS OF FLUORSPAR, BY COUNTRY! 


x c O å 


2010 2011 
Quantity Quantity 
Country (metric tons) Value? (metric tons) Value? 

Australia 135 $19,800 97 $14,100 
Brazil -- -- 92 13,300 
Сапада 11,800 1,820,000 12,700 2,070,000 
Dominican Republic -- -- 114 25,600 
Егапсе 16 4,550 103 37,500 
Israel 29 9,590 -- — 
Malaysia 28 17,500 -- -- 
Mexico 107 27,100 745 123,000 
Spain 32 3,540 -- - 
Taiwan 5,720 829,000 9,790 1,440,000 
Trinidad and Tobago -- -- 430 55,500 

Total 17,900 2,740,000 24,100 3,780,000 
-- Zero. 
"Data are rounded to по more than three significant digits; may not add to totals 
shown. 


?Free alongside ship values at U.S. ports. 


Source: U.S. Census Bureau. 
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TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF FLUORSPAR, BY COUNTRY AND CUSTOMS DISTRICT' 


2010 2011 
Quantity Value? Quantity Value? 


Country and customs district 
Containing more than 97% calcium fluoride (CaF;): 


Canada, Cleveland, OH 55 -- | $8 
China: 
Houston, TX 89,800 $26,300 119,000 60,000 
Los Angeles, CA 420 49 -- -- 
New Orleans, LA 8,500 2,170 -- -- 
Тога] 98,700 28,500 119,000 60,000 
Germany, Savannah, СА 252 32 = -- 
Мехісо: 
Baltimore, MD 1,550 690 762 172 
Laredo, TX 47,200 12,700 136,000 24,000 
New Orleans, LA 239,000 36,600 264,000 40,900 
Total 287,000 49,900 401,000 65,100 
Mongolia: 
Houston, TX 17,900 5,120 — = 
New Orleans, LA 4,200 1,180 -- at 
Total 22,100 6,300 en E 
South Africa: 
Houston, TX 33,300 8,300 34,300 9,440 
New Orleans, LA -- -- 5,100 1,690 
Тога! 33,300 8,300 39,400 11,100 
United Kingdom: 
Houston, TX 226 40 6 24 
Los Angeles, CA 334 40 414 49 
Total 560 79 420 73 
Grand total 442,000 93,100 560,000 136,000 
Containing not more than 97% СаЕ,: 
China, Cleveland, OH | 3 НЕ _ 
Mexico: тае сч m 
Buffalo, NY -- -- 43 10 
Гагедо, ТХ 6,240 880 6,070 797 
New Orleans, LA 90,200 8,810 160,000 16,500 
San Diego, CA -- - 200 48 
Total 96,500 9,690 167,000 17,300 
Grand total 96,500 9,690 167,000 17,300 
Grand total, all grades 539,000 103,000 727,000 154,000 
-- Zero. 


(metric tons) (thousands) (metric tons) (thousands) 


"Data are rounded to no more than three significant digits; may not add to totals shown. 


"Cost, insurance, and freight values at U.S. ports. 


Source: U.S. Census Bureau. 
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ТАВГЕ 6 
U.S. IMPORTS FOR CONSUMPTION OF HYDROFLUORIC ACID, ВУ COUNTRY! 


= 


2010 2011 
Quantity Value? Quantity Value? 
Country (metric tons) (thousands) (metric tons) (thousands) 
Belgium (3) $4 =- - 
Canada 12,000 41,900 15,300 $40,700 
China 6,520 7,820 5,060 8,020 
France - -. (3) 4 
Germany 356 1,060 262 703 
Hong Kong 55 63 278 363 
India 60 78 83 123 
Japan 892 2,110 1,150 2,660 
Mexico 115,000 145,000 110,000 161,000 
Singapore 81 264 113 402 
South Africa 5 20 3 8 
Spain 47 80 132 450 
Switzerland (3) 3 m = 
Taiwan 209 516 83 151 
Тога] 135,000 199,000 132,000 215,000 
-- Zero. 


ага are rounded to по more than three significant digits; may not add to totals shown. 
2Cost, insurance, and freight values at U.S. ports. 
3Less than % unit. 


Source: U.S. Census Bureau. 


TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF CRYOLITE, BY COUNTRY! 


nse Le 
2010 2011 


Quantity Value? Quantity Value? 

Country (metric tons) (thousands) (metric tons) (thousands) 

Australia 2 $13 2 $18 
Canada 2 5 235 96 
China 1,200 886 1,310 1,130 
Germany 1,580 2,080 1,990 2,950 
Hungary 225 261 346 509 
Iceland -- -- 2,780 1,850 
Italy 19 25 19 33 
Japan 1,810 2,350 2,230 3,410 
Mozambique -- -- 282 257 
United Kingdom 484 895 375 704 
Total 5,320 6,510 9,560 11,000 


-- Zero. 
Граја are rounded to no more than three significant digits; may not add to totals shown. 


*Cost, insurance, and freight values at U.S. ports. 


Source: U.S. Census Bureau. 


TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF ALUMINUM FLUORIDE, BY COUNTRY! 
2010 2011 
Quantity Value’ Quantity Value? 
Country (metric tons) (thousands) (metric tons) (thousands) 

Canada 12,300 $17,800 14,200 $21,200 
Canada ________- 

China 11,400 14,800 8,800 13,200 
China ________-- 

Mexico 14,100 16,500 18,200 23,900 
Mexico _ 1 —— 

74 156 46 92 
Өш! ong 58400 
Total 38,000 49,200 41,200 58,400 


IData are rounded to no more than three significant digits; may not add to totals shown. 


2 Cost, insurance, and freight values at U.S. ports. 
3yncludes all countries with less than 1,000 metric tons of imports to the United States in 


2010 and 2011. 


Source: U.S. Census Bureau. 
K—201! 
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Country and grade? 
Argentina 
Brazil, marketable: 
Acid grade 
Metallurgical grade 
Total 
Bulgaria 
China:* 
Acid grade 
Metallurgical grade" 
Total 
Egypt 
Germany, acid grade 
India:° 
Acid grade 
Metallurgical grade 
Total 
Iran? 
Kazakhstan" 
Kenya, acid grade 
Kyrgyzstan O 
Mexico; 
Acid grade 
Metallurgical grade 
Total 
Mongolia:? 
Acid grade!’ 
Other grades 
Total 


Morocco, acid grade 
11 


Namibia, acid grade 
Pakistan, metallurgical grade* | 
Romania, metallurgical ртаде“ 


Russia" 

South Africa:* 12 
Acid grade 
Metallurgical grade 

Total 

Spain: 

Acid grade 
Metallurgical grade 
Total 

Tajikistan? 

Thailand, metallurgical grade? 

United Kingdom?!“ 

Grand total 
"Estimated. "Preliminary. "Revised. 


-- Zero. 


available in official reports of the subject country, 
Includes submetallurgical-grade fluorspar used p 


"Year beginning April 1 of that stated. 


Year beginning March 21 of that stated. 
? 
Reported figure. 


World totals and estimated data are rounded to no more than three si 
"Table includes data available through June 8, 2012. 

An effort has been made to subdivide production of all countries by grade (acid, ceramic, and metallur 
the data have been entered without qualifying notes. 
rimarily in cement that may account for 3394 to 50% of the quantity. 


132,760 
4,963 ' 


8,500 
1,820 
44,936 


TABLE 9 
FLUORSPAR: WORLD PRODUCTION, BY COUNTRY"? 


„Data are reported by Servicio Geológico Mexicano, quantities by grade may be estimated. 
Data are reported by Mineral Resource Authority of Mongolia. 


П 
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Flotation concentrate, including less than 97% CaF, material. 
Data were in wet tons, but have been converted to dry tons to agree with other data in table. 


gnificant digits; may not add to totals shown. 


7,180,000 * 


gical). Where this information is not 


7,520,000 


(Metric tons) 
2007 2008 2009 2010 2011° 
9,735 15,098 13,424 17,657 17,000 
0988175717000 
44,869 45,032 28,803 7,486 ' 7,500 " 
20,657 18,209 15,161 18,328 ' 18,400 Р 
65,526 63,241 43,964 25,814 ' 25,900 P 
= Е а -- 4,500 
4 500 
1,850,000 1,900,000 1,600,000 2,100,000 ' 2,200,000 
1,350,000 2,300,000 ' 2,200,000 ' 2,500,000 2,500,000 
3,200,000 4,200,000 * 3,800,000 ' 4,600,000 ' 4,700,000 
11,588 9,115 4,343 5,000 5,000 
54,359 48,519 49,962 59,086 ' 55,000 
3,794 ' 6,814 ' 8,786 ' 9,000 ^* 9,000 . 
3,970 ' 3,176 ' 4,996 ' 5,000 ^* 5,000 
7,764 ' 9,990 ' 13,782 ' 14,000 =° 14,000 
68,192 61,592 ' 71,409 ' 72,000 ^* 75,000 
64,000 ' 66,300 ' 67,000 67,000 67,000 
82,000 98,248 15,667 44,500 117,420 7 
4,000 4,000 4,000 4,000 4,000 
513,000 ° 591,955 640,676 719,122 ' 731,456 ' 
420,000 * 465,694 405,264 348,264 ' 475,451 ' 
933,000 * 1,057,649 1,045,940 1,067,386 ' 1,206,907 ' 
109,900 115,700 115,300 140,700 ' 116,400 7 
245,000 219,100 344,200 300,000 300,000 
354,900 334,800 459,500 440,700 ' 416,400 7 
78,817 ' 56,724 ' 69,091 ' 75,380 ' 79,000 
109,300 : 108,800 73,580 95,092 ' 80,000 
2,082 1,700 1,400 1,500 1,600 
15,000 15,000 15,000 15,000 15,000 
180,000 269,000 240,000 250,000 260,000 
‘om лый epo T zio 


8,000 10,000 15,000 
— 285,000 299.000 204,000 160,000 © 240,000 


127,300 111,810 120,000 ^? 120,000 
5,506 ' 4,113 ' 4,100 ^? 4.100 
137,723 * 132,806 * 115,923 ' 124,100 Р 124,000 
8,500 8,500 8,500 8,500 
т т 
26,118 86,365 2,222 ' 2,000 


36,801 18,536 26,420 ' - 
5,720,000 * 6,920,000 * 773 $20 nàR ~ 


6,420,000 ' 
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TABLE 9—Continued 
FLUORSPAR: WORLD PRODUCTION, BY COUNTRY!” 


"Data for 2007—2010 based on data from the South African Minerals Bureau; data show estimated proportions of acid-grade and metallurgical-grade 
fluorspar within the reported totals. 

раја for 2007—2010 are as reported by the Thailand Bureau of Economics and International Cooperation, Department of Primary Industries 

and Mines. 

Data for 2010 was reported by the British Geological Survey. 
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GALLIUM 
By Brian W. Jaskula 


Domestic survey data and tables were prepared by Maria Arguelles, statistical assistant. 


In 2011, no domestic production of primary gallium was 
reported, and imports of gallium metal and gallium arsenide 
(GaAs) wafer continued to account for most of the U.S. 
gallium consumption. Metal imports were 45% higher than 
those in 2010, with Germany, the United Kingdom, China, and 
Singapore, in descending order of imports by gallium content, 
as the leading sources of imported gallium. Undoped GaAs 
wafer imports were 37% higher than those in 2010—Germany, 
Japan, and Taiwan were the principal sources. Doped GaAs 
wafer imports were 29% higher than those in 2010—Germany 
and Japan were the principal sources. Almost all gallium 
consumed in the United States was in the form of GaAs and 
gallium nitride (GaN) and was used in integrated circuits (ICs) 
and optoelectronic devices [laser diodes, light-emitting diodes 
(LEDs), photodetectors, and solar cells]. Gallium consumption 
increased by 5% from that in 2010. In 2011, gallium consumed 
in the United States was less than the gallium imported 
because a large portion of the U.S. imports was estimated to be 
low-purity material that was refined in the United States and 
shipped to other countries. 

In 2011, estimated world crude gallium production was 292 
metric tons (t). Principal producers were China, Germany, 
Kazakhstan, the Republic of Korea, Russia, and Ukraine. 
Plants in Hungary and Japan also recovered gallium. Refined 
gallium production was estimated to be about 378 t, which may 
inadvertently include some refined new scrap. Refined gallium 
was produced in China, Japan, the United Kingdom, and the 
United States. 


Legislation and Government Programs 


TriQuint Semiconductor, Inc. (Hillsboro, OR) began work 
on phase 2 of the Defense Advanced Research Projects Agency 
(DARPA) multiyear Nitride Electronic NeXt-Generation 
Technology (NEXT) program. The NEXT program was 
established to create digital GaN circuits for defense and 
aerospace applications. Phase I concentrated on fabricating 


very-high-frequency devices and meeting defined yield metrics. 


Phase 2 was to concentrate on process development in the 
pursuit of increased yields while doubling the current operating 
frequency of 200 gigahertz up to 400 gigahertz. The devices 
developed under the NEXT program were expected ramp-up 
applications for lower voltage GaN-based products, which 
achieve power densities four times higher than GaAs devices 
(Compound Semiconductor, 2012c). 

Northrop Grumman Corp. (Linthicum, MD) was awarded 
a 3-year, $8.9 million contract by DARPA to develop а 
more efficient radio frequency (RF) transmitter technology. 
Northrop was to research GaN Class E power amplifiers, RF 
Wideband contour modulation, and sub-banded switching 
Supply modulation, and to develop RF power amplifier designs 
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that could result in highly efficient RF transmitters without 
an increase in size. The new technology could create more 
powerful electronic systems for a wide variety of applications 
(Compound Semiconductor, 2011b). 

The U.S. Department of Energy (DOE) announced a $57 
million award to The College of Nanoscale Science and 
Engineering at the State University of New York at Albany as 
part of its SunShot Advanced PV Manufacturing Partnerships 
Program. The DOE's SunShot initiative would attempt to reduce 
the total costs of photovoltaic solar energy systems by about 
75%, and thereby allow copper-indium-gallium diselenide 
(CIGS) solar technology to be cost competitive with other forms 
of energy by the end of the decade (AZoCleantech.com, 201 1). 


Production 


No domestic production of primary gallium was reported 
in 2011 (table 1). Recapture Metals Ltd. [a subsidiary of 
Neo Material Technologies, Inc. (Toronto, Ontario, Canada)] 
recovered gallium from scrap materials, predominantly those 
generated during the production of GaAs. Recapture Metals' 
facilities have the capability to produce about 50 metric tons 
per year (t/yr) of high-purity gallium. The company recovered 
gallium from its customers? Scrap on a fee basis and purchased 
scrap and low-purity gallium for processing into high-purity 
material. 

In 2011, Neo Material Technologies acquired an 8094 interest 
in gallium trichloride manufacturer Gallium Compounds, LLC 
(Quapaw, OK), and planned to expand Gallium Compounds? 
gallium trichloride manufacturing technology into the Republic 
of Korea. Gallium trichloride is a precursor for many gallium 
compounds, including the organic gallium compounds used in 
epitaxial growth (Semiconductor Today, 201 Ic). 


Consumption 


Gallium consumption data were collected by the U.S 
Geological Survey from a voluntary Survey of U.S. operations 
In 2011, there were 11 respondents to the gallium consumption 
survey, representing 65% of the total canvassed. Data in tables 2 
and 3 were adjusted by incorporating estimates to reflect full 
industry coverage. Many of these estimates were based on 
company 2011 10-К reports submitted to the U.S. Securities 
and Exchange Commission. 

More than 99% of the gallium consumed in the United 
States was in the form of GaAs or GaN. GaAs was used to 
manufacture optoelectronic devices (laser diodes, LEDs 
photodetectors, and solar cells) and ICs. ICs accounted for 71% 
of domestic consumption and optoelectronic devices üccouhtéd 


for 2996 (table 2). GaN principally was used to 
LEDs and laser diodes. са 
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In 2011, U.S. consumption of gallium for use in ICs increased 
by 7% from that in 2010 owing to the growth of GaAs-rich 
"smartphones" (cellular telephones with advanced personal 
computer-like functionality) and other wireless communication 
devices. Gallium use in LEDs and laser diodes only increased 
slightly from 2010 owing to reduced demand for LED-backlit 
televisions, as well as manufacturing efficiencies that 
required fewer LEDs per television. Gallium supplied to the 
photodetector and solar cell industry increased by 15% from 
that of 2010, but was still 17% lower than that of 2009 owing 
to a complicated manufacturing process that had impeded 
commercial mass production of CIGS panels. Decreased prices 
of silicon-based solar cells also slowed demand for the more 
expensive CIGS technology. 

Gallium Arsenide.—The value of worldwide GaAs device 
consumption increased to $5.2 billion in 2011, a 676 increase 
from $4.9 billion in 2010. The GaAs device market slowed 
considerably during the second half of 2011 owing to lower 
demand for RF circuits, and wired and wireless networks. 
Developments in cellular telephone technology, particularly 
sophisticated third-generation (3G) and fourth-generation (4G) 
smartphones, continued to drive the GaAs device industry. 
Fourth-generation smartphones use up to 10 times the amount 
of GaAs that a standard cellular telephone does. In 2011, 
smartphone market sales increased by 6876 compared with sales 
in 2010. Smartphone market sales in 2010 were also 68% higher 
than those of 2009. The proportion of smartphones shipped 
worldwide increased to 3296 of total handset shipments in 2011 
from 22% in 2010 (Higham and Anwar, 2012; IQE plc, 2012, 
p. 8; Stevenson, 2012). 

To meet increasing GaAs wafer demand, TriQuint 
Semiconductor Inc. opened a 6-inch GaAs wafer production 
facility in Texas in 2011, which contributed to a 40% overall 
increase in the company's GaAs wafer production capacity from 
that of 2010 (TriQuint Semiconductor Inc., 2012, p. 28). 

Gallium Nitride.—Increased demand for GaN device 
applications, namely laser diodes, power electronics, and 
RF electronics, provided significant growth opportunities 
for advanced GaN-based products. GaN power transistors 
operate at higher voltages and with a higher power density than 
current GaAs devices. GaN power transistors and amplifiers 
have enabled microwave designers to reduce heat sink — 
requirements and part counts, leading to smaller systems with 
higher performance and greater efficiency. The key drivers 
of this emerging GaN-based technology have been military 
and defense applications, but the technology also was being 
used in automotive, industrial, medical, and other consumer 
-— of worldwide GaN power and RF electronics | 
consumption was estimated to be approximately i ани іп 
2011. Military applications accounted for 90% of the market, 

communication and cable television 


ercial satellite 3 : 
ss pen accounted for 97. Commercial power electronics 
applications accounted for the remaining 1% (Higham, 2012). 


| B jon decreased 
f worldwide GaN LED consumption dec 
Петия in 2011, a 6% decrease from $8.5 billion in 2010. 
А : to a combination of slower than expected growth in 
sia dar backlighting, significant LED capacity expansions, 
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and enhanced light guide technologies that required fewer 
LED units per television, GaN LED supply increased nearly 
three times faster than consumption in 2011, which resulted 

in reduced LED factory utilization levels and decreased LED 
prices. The LED supply surplus increased to 45% in 2011 from 
7% in 2010 (IMS Research Ltd., 20122). 

In a joint partnership, Sumitomo Electric Industries Ltd. 
(Tokyo, Japan) and Soitec (Bernin, France) initiated pilot 
production of 4- and 6-inch-diameter engineered GaN 
substrates. The substrates were created by transferring ultrathin 
GaN layers from a single GaN wafer to produce multiple 
engineered GaN substrates, and were to be used in LEDs for the 
lighting market and power-efficient controllers for the electric 
vehicle and energy markets (Soitec, 2012). 

Light-Emitting Diodes.—The worldwide high-brightness 
(HB) LED market increased to $12.5 billion in 2011, an 11% 
increase from $11.3 billion in 2010. Owing to the significant 
LED capacity expansion in 2011 and the resulting LED surplus, 
prices for HB-LEDs decreased. The lower prices, however, 
proved beneficial to the HB-LED lighting sector, where LED 
consumption increased by 44% from that of 2010 and helped 
offset the decline in LED revenue of the backlighting sector. 
Commercial and industrial lighting were the largest areas of 
growth. Research and consulting firm Strategies Unlimited 
reported that mobile display applications (such as cellular 
telephones, computer notebooks and tablets, eBooks, and MP3 
players) were the largest HB-LED market segment in 2011, 
with a 27% share. The television and monitor LED-based 
backlighting segment was 2496 of the overall HB-LED market. 
Additional HB-LED market segments in 2011 included general 
lighting, signage, and automotive, with respective market 
shares of 1596, 1196, and 996. Various smaller market segments 
comprised the remaining 14% of the overall HB-LED market 
(LEDs Magazine, 2012; Whitaker, 2012). 

Japan and the Republic of Korea supplied 3076 and 26%, 
respectively, of the 2011 worldwide HB-LED market. 
Additionally, the United States and Europe supplied 19% of the 
market, Taiwan supplied 19%, and China supplied 6%. China's 
HB-LED market share tripled from 2% in 2010 owing to the 
large investments it made in its domestic solid-state lighting 
industry (Whitaker, 2012). 

LED firms continued expanding their manufacturing 
capacities in 2011. Semiconductor Equipment and Materials 
International (SEMI) of San Jose, CA, indicated that 29 new 
LED fabrication plants came online in 2011, to reach a total 
of 142 plants in operation worldwide. LED manufacturing 
equipment spending in 2011 increased by 36% from that of 
2010, and 2011's worldwide LED manufacturing capacity 
was estimated to be 1.6 million (4-inch-equivalent) wafers pet 
month. Taiwan's LED fabrication plants accounted for 28% 
of global capacity, followed by Japan (22%), China (21%), 
the Republic of Korea (19%), the Americas (6%), Southeast 
Asia (3%), and Europe and the Mideast (1%) (Peters, 2012; 
Semiconductor Equipment and Materials International, 20! E 

During 2010 and the first half of 2011, the worldwide marke 
for metal-organic chemical vapor deposition (MOCVD) 
reactors, which were used to make GaN LEDs, experienced я 
the largest investment cycle іп its history owing to етапе !? 
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LED-backlit televisions, subsidies by the Chinese Government, 
and anticipation for the LED general lighting market. By 
yearend 2011, however, LED production capacity was 
substantially more than demand, and MOCVD utilization rates 
decreased to about 50% of capacity, resulting in a significant 
reduction of new orders for equipment. Shipments of MOCVD 
reactors decreased to 654 units in 2011, 15% lower than the 

77] units shipped in 2010. Consulting firm IMS Research Ltd. 
forecast MOCVD reactor shipments to decease by an additional 
48% in 2012. Aixtron AG (Herzogenrath, Germany) and Veeco 
Instruments Inc. (Plainview, NY) were the leading MOCVD 
manufacturers, representing 9696 of the market in 2011 
(Semiconductor Today, 2012d; Yole Développement, 2012). 

As HB-LED demand increased throughout 2010 and the first 
half of 2011, materials suppliers began adding more capacity 
for trimethylgallium (TMG), а metal-organic chemical used in 
the fabrication of epiwafers. When TMG and nitrogen gas are 
fed into the MOCVD reactor and heated, a GaN layer is formed 
on the epiwafer. TMG’s purity and quality determine an LED’s 
brightness and reliability (Seok-hyeon, 2010). In the United 
States, AkzoNobel N.V. (Amersfoort, Netherlands) doubled 
TMG production capacity at its plant in LaPorte, TX. The 
company announced plans to build a new TMG production plant 
with total capacity of more than 100 t/yr—approximately three 
times the size of its existing TMG plant (Semiconductor Today, 
2011a). Albermarle Corp. (Baton Rouge, LA) continued the 
construction of its TMG and triethylgallium (TEG) production 
facility in the Republic of Korea (Semiconductor Today, 
2012a). SAFC Hitech, a subsidiary of Sigma-Aldrich Co. LLC 
(St. Louis, MO), began the expansion of its TMG and TEG 
production facility in Kaohsiung, Taiwan (Sigma-Aldrich Co. 
LLC, 2012). 

Solar Cells.—Sustained high energy prices continued to spark 
interest in solar energy. In 2011, the solar cell market continued 
to be dominated by crystalline silicon solar cells, which account 
for approximately 90% of the market. However, а lightweight, 
flexible, durable, and low-cost thin-film photovoltaic 
technology—CIGS—has entered the printed solar cell market. 
CIGS modules can be directly integrated into building materials, 
consumer electronics for portable power, space applications, 
or configured as stand-alone modules for large-scale terrestrial 
deployment. Industry experts thought CIGS would eventually 
be able to compete with conventional silicon-based photovoltaic 
technology. CIGS technology, however, has been slow to 
enter the commercial market owing to a decline in prices of 
silicon-based solar cells and а complicated manufacturing 
process that has impeded commercial mass production of GIGS 
panels. These two factors resulted in a large oversupply of 
CIGS modules that caused prices in 2011 to decrease by 2096 
(Compound Semiconductor, 201 1c). World production of CIGS 
solar cells increased to 813 megawatts (MW) in 2011, a 9196 
Increase from 426 MW produced in 2010 (Roskill's Letters from 
Japan, 2012b). 

Nevertheless, consulting firm Lux Research, Inc., (Boston, 
MA) reported that in 2011 CIGS manufacturers trimmed 
production costs, increased production capacities, improved 
module conversion efficiencies, and increased CIGS adoption 
In commercial rooftops. Strategic partnerships by the strongest 
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companies and overall consolidation of the industry were 
considered key in keeping CIGS technology viable and 
competitive (Lux Research, Inc., 2012). 


Prices 


Since 2002, producer prices for gallium have not been quoted 
in trade journals. Data in table 4 represent the average customs 
value of gallium imported into the United States. Reports in 
Metal-Pages indicated the volatile state of gallium prices during 
2011. At the beginning of the year, the low-grade gallium 
price was reported to be about $635 per kilogram owing to the 
rapid growth of China’s LED industry that began in 2010, and 
tightness of worldwide gallium supply as end users restocked 
inventories depleted since the beginning of the global economic 
slowdown. By June, the price had increased to about $950 
per kilogram as tightness in the gallium market continued. 

By December, the price had decreased to about $520 per 
kilogram as the market for LED backlighting in televisions did 
not increase as forecast and newly expanded primary gallium 
capacity in China greatly exceeded demand. 

From U.S. Census Bureau import data, the annual average 
value for low-grade (99.99%-pure) gallium was estimated to 
be $374 per kilogram, about 22% higher than that in 2010. 

For high-grade (>99.99%-pure) gallium, the annual average 
estimated value increased to $688 per kilogram, about 15% 
higher than that in 2010. Import data reported by the U.S. 

Census Bureau do not specify purity, so the values listed in 


` table 4 were estimated based on the average value of the 


material imported and the country of origin. 


Foreign Trade 


In 2011, U.S. gallium imports were 45% higher than those 
in 2010 (table 5). Germany (41%), United Kingdom (32%) 
China (10%), and Singapore (7%) were the leading sources of 
imported gallium. 

In addition to gallium metal, GaAs wafers were j i 
the United States (table 6). In 2011, 86,500 өы с” 
undoped GaAs wafers and 215,000 kg of doped GaAs wafers 
were imported. Imports of undoped GaAs wafers were 37% 
higher than those in 2010, while imports of doped GaAs wafers 
were 29% higher than those in 2010. The data listed in table 6 
may include some packaging material and, as a result quantities 
may be higher than the actual tota] weight of imported wafers 


World Review 


Imports of gallium into Japan and the United States, the 
two leading consuming countries, were used as the basis for 
estimating world gallium production. In addition, Metal Bulleti 
provided an updated Chinese gallium production estimate | 
expanding the estimate of China’s production considerably 
owing to the substantial capacity increases of Chinese gallium 
operations. Estimated worldwide crude gallium Production wa 
292 t in 2011. Principal world producers were China, German 
Kazakhstan, the Republic of Korea, Russia, and Ukraine á 
Gallium also was recovered in Hungary and Japan. Refined 
gallium production was estimated to be about 378 t, which may 
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In 2011, U.S. consumption of gallium for use in ICs increased 
by 7% from that in 2010 owing to the growth of GaAs-rich 
“smartphones” (cellular telephones with advanced personal 
computer-like functionality) and other wireless communication 
devices. Gallium use in LEDs and laser diodes only increased 
slightly from 2010 owing to reduced demand for LED-backlit 
televisions, as well as manufacturing efficiencies that 
required fewer LEDs per television. Gallium supplied to the 
photodetector and solar cell industry increased by 15% from 
that of 2010, but was still 17% lower than that of 2009 owing 
to a complicated manufacturing process that had impeded 
commercial mass production of CIGS panels. Decreased prices 
of silicon-based solar cells also slowed demand for the more 
expensive CIGS technology. 

Gallium Arsenide.—The value of worldwide GaAs device 
consumption increased to $5.2 billion in 2011, a 6% increase 
from $4.9 billion in 2010. The GaAs device market slowed 
considerably during the second half of 2011 owing to lower 
demand for RF circuits, and wired and wireless networks. 
Developments in cellular telephone technology, particularly 
sophisticated third-generation (3G) and fourth-generation (4G) 
smartphones, continued to drive the GaAs device industry. 
Fourth-generation smartphones use up to 10 times the amount 
of GaAs that a standard cellular telephone does. In 2011, 
smartphone market sales increased by 68% compared with sales 
in 2010, Smartphone market sales in 2010 were also 68% higher 
than those of 2009. The proportion of smartphones shipped 
worldwide increased to 32% of total handset shipments in 2011 
from 22% in 2010 (Higham and Anwar, 2012; IQE plc, 2012, 
p. 8; Stevenson, 2012). e 

To meet increasing GaAs wafer demand, TriQuint 
Semiconductor Inc. opened a 6-inch GaAs wafer production 
facility in Texas in 201 1, which contributed to a 40% overall 
increase in the company’s GaAs wafer production capacity from 
that of 2010 (TriQuint Semiconductor Inc., 2012, p. 28). 

Gallium Nitride.—Increased demand for GaN device 
applications, namely laser diodes, power electronics, and 
ВЕ electronics, provided significant growth opportunities 
for advanced GaN-based products. GaN power transistors 
her voltages and with a higher power density than 
current GaAs devices. GaN power transistors and amplifiers 
have enabled microwave designers to reduce heat sink | 
requirements and part counts, leading to smaller systems with 
higher performance and greater efficiency. The key drivers 
of this emerging GaN-based technology have been military 
and defense applications, but the technology also was being 
used in automotive, industrial, medical, and other consumer 

ications. | 

оке of worldwide GaN power and RF electronics | 
consumption was estimated to be approximately $60 ae in 
2011. Military applications accounted for 90% of the mar cet, 

mercial satellite communication and cable television 
en a d for 9%. Commercial power electronics 
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and enhanced light guide technologies that required fewer 
LED units per television, GaN LED supply increased nearly 
three times faster than consumption in 2011, which resulted 

in reduced LED factory utilization levels and decreased LED 
prices. The LED supply surplus increased to 45% in 2011 from 
7% in 2010 (IMS Research Ltd., 2012a). 

In a joint partnership, Sumitomo Electric Industries Ltd. 
(Tokyo, Japan) and Soitec (Bernin, France) initiated pilot 
production of 4- and 6-inch-diameter engineered GaN 
substrates. The substrates were created by transferring ultrathin 
GaN layers from a single GaN wafer to produce multiple 
engineered GaN substrates, and were to be used in LEDs for the 
lighting market and power-efficient controllers for the electric 
vehicle and energy markets (Soitec, 2012). 

Light-Emitting Diodes.—The worldwide high-brightness 
(HB) LED market increased to $12.5 billion in 2011, an 11% 
increase from $11.3 billion in 2010. Owing to the significant 
LED capacity expansion in 2011 and the resulting LED surplus, 
prices for HB-LEDs decreased. The lower prices, however, 
proved beneficial to the HB-LED lighting sector, where LED 
consumption increased by 44% from that of 2010 and helped 
offset the decline in LED revenue of the backlighting sector. 
Commercial and industrial lighting were the largest areas of 
growth. Research and consulting firm Strategies Unlimited 
reported that mobile display applications (such as cellular 
telephones, computer notebooks and tablets, eBooks, and MP3 
players) were the largest HB-LED market segment in 2011, 
with a 27% share. The television and monitor LED-based 
backlighting segment was 24% of the overall HB-LED market. 
Additional HB-LED market segments in 2011 included general 
lighting, signage, and automotive, with respective market 
shares of 15%, 11%, and 9%. Various smaller market segments 
comprised the remaining 14% of the overall HB-LED market 
(LEDs Magazine, 2012; Whitaker, 2012). 

Japan and the Republic of Korea supplied 30% and 26%, 
respectively, of the 2011 worldwide HB-LED market. 
Additionally, the United States and Europe supplied 19% of the 
market, Taiwan supplied 19%, and China supplied 6%. China’s 
HB-LED market share tripled from 2% in 2010 owing to the 
large investments it made in its domestic solid-state lighting 
industry (Whitaker, 2012). 

LED firms continued expanding their manufacturing | 
capacities in 2011. Semiconductor Equipment and Materials 
International (SEMI) of San Jose, CA, indicated that 29 new 
LED fabrication plants came online in 2011, to reach a total 
of 142 plants in operation worldwide. LED manufacturing 
equipment spending in 2011 increased by 36% from that of 
2010, and 2011’s worldwide LED manufacturing capacity 
was estimated to be 1.6 million (4-inch-equivalent) wafers per 
month. Taiwan’s LED fabrication plants accounted for 28% 
of global capacity, followed by Japan (22%), China (21%), 
the Republic of Korea (19%), the Americas (6%), Southeast 
Asia (3%), and Europe and the Mideast (1%) (Peters, 2012; 
Semiconductor Equipment and Materials International, 2012). 

During 2010 and the first half of 2011, the worldwide market 
for metal-organic chemical vapor deposition (MOCVD) 
reactors, which were used to make GaN LEDs, experienced 
the largest investment cycle in its history owing to demand for 
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LED-backlit televisions, subsidies by the Chinese Government, 
and anticipation for the LED general lighting market. By 
yearend 2011, however, LED production capacity was 
substantially more than demand, and MOCVD utilization rates 
decreased to about 5096 of capacity, resulting in a significant 
reduction of new orders for equipment. Shipments of MOCVD 


. reactors decreased to 654 units in 2011, 15% lower than the 


771 units shipped in 2010. Consulting firm IMS Research Ltd. 
forecast MOCVD reactor shipments to decease by an additional 
48% in 2012. Aixtron AG (Herzogenrath, Germany) and Veeco 
Instruments Inc. (Plainview, NY) were the leading MOCVD 
manufacturers, representing 9696 of the market in 2011 
(Semiconductor Today, 2012d; Yole Développement, 2012). 

As HB-LED demand increased throughout 2010 and the first 
half of 2011, materials suppliers began adding more capacity 
for trimethylgallium (TMG), a metal-organic chemical used in 
the fabrication of epiwafers. When TMG and nitrogen gas аге 
fed into the MOCVD reactor and heated, a GaN layer is formed 
on the epiwafer. TMG’s purity and quality determine an LED's 
brightness and reliability (Seok-hyeon, 2010). In the United 
States, AkzoNobel N.V. (Amersfoort, Netherlands) doubled 
TMG production capacity at its plant in LaPorte, TX. The 
company announced plans to build a new TMG production plant 
with total capacity of more than 100 t/yr—approximately three 
times the size of its existing TMG plant (Semiconductor Today, 
20112). Albermarle Corp. (Baton Rouge, LA) continued the 
construction of its TMG and triethylgallium (TEG) production 
facility in the Republic of Korea (Semiconductor Today, 
2012a). SAFC Hitech, a subsidiary of Sigma-Aldrich Co. LLC 
(St. Louis, MO), began the expansion of its TMG and TEG 
production facility in Kaohsiung, Taiwan (Sigma-Aldrich Co. 
LLC, 2012). 

Solar Cells. —Sustained high energy prices continued to spark 
interest in solar energy. In 2011, the solar cell market continued 
to be dominated by crystalline silicon solar cells, which account 
for approximately 9096 of the market. However, a lightweight, 
flexible, durable, and low-cost thin-film photovoltaic 
technology—CIGS—has entered the printed solar cell market. 
CIGS modules can be directly integrated into building materials, 
consumer electronics for portable power, space applications, 
or configured as stand-alone modules for large-scale terrestrial 
deployment. Industry experts thought CIGS would eventually 
be able to compete with conventional silicon-based photovoltaic 
technology. CIGS technology, however, has been slow to 
enter the commercial market owing to a decline in prices of 
silicon-based solar cells and a complicated manufacturing 
process that has impeded commercial mass production of GIGS 
panels. These two factors resulted in a large oversupply of 
CIGS modules that caused prices in 2011 to decrease by 20% 
(Compound Semiconductor, 2011c). World production of CIGS 
solar cells increased to 813 megawatts (MW) in 2011, a 9194 
Increase from 426 MW produced in 2010 (Roskill’s Letters from 
Japan, 2012b). 

Nevertheless, consulting firm Lux Research, Inc., (Boston, 
MA) reported that in 2011 CIGS manufacturers trimmed 
production costs, increased production capacities, improved 
module conversion efficiencies, and increased CIGS adoption 
n commercial rooftops. Strategic partnerships by the strongest 
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companies and overall consolidation of the industry were 
considered key in keeping CIGS technology viable and 
competitive (Lux Research, Inc., 2012). 


Prices 


Since 2002, producer prices for gallium have not been quoted 
in trade journals. Data in table 4 represent the average customs 
value of gallium imported into the United States. Reports in 
Metal-Pages indicated the volatile state of gallium prices during 
2011. At the beginning of the year, the low-grade gallium 
price was reported to be about $635 per kilogram owing to the 
rapid growth of China's LED industry that began in 2010, and 
tightness of worldwide gallium supply as end users restocked 
inventories depleted since the beginning of the global economic 
slowdown. By June, the price had increased to about $950 
per kilogram as tightness in the gallium market continued. 

By December, the price had decreased to about $520 per 
kilogram as the market for LED backlighting in televisions did 
not increase as forecast and newly expanded primary gallium 
capacity in China greatly exceeded demand. 

From U.S. Census Bureau import data, the annual average 
value for low-grade (99.99%-pure) gallium was estimated to 
be $374 per kilogram, about 2296 higher than that in 2010. 

For high-grade (>99.99%-pure) gallium, the annual average 
estimated value increased to $688 per kilogram, about 15% 
higher than that in 2010. Import data reported by the U.S. 
Census Bureau do not specify purity, so the values listed in 


` table 4 were estimated based on the average value of the 


material imported and the country of origin. 
Foreign Trade 


In 2011, U.S. gallium imports were 45% higher than those 
in 2010 (table 5). Germany (41%), United Kingdom (32%), 
China (10%), and Singapore (7%) were the leading sources of 
imported gallium. 

In addition to gallium metal, GaAs wafers were imported into 
the United States (table 6). In 2011, 86,500 kilograms (kg) of 
undoped GaAs wafers and 215,000 kg of doped GaAs wafers 
were imported. Imports of undoped GaAs wafers were 37% 
higher than those in 2010, while imports of doped GaAs wafers 
were 29% higher than those in 2010. The data listed in table 6 
may include some packaging material and, as a result, quantities 
may be higher than the actual total weight of imported wafers. 


World Review 


Imports of gallium into Japan and the United States the 
two leading consuming countries, were used as the basis for 
estimating world gallium production. In addition, Metal Bulletin 
provided an updated Chinese gallium production estimate 
expanding the estimate of China's production considerably 
owing to the substantial capacity increases of Chinese gallium 
operations. Estimated worldwide crude gallium production w 
292 t in 2011. Principal world producers were China, пене 
Kazakhstan, the Republic of Korea, Russia, and Ukraine ‹ 
Gallium also was recovered іп Hungary and Japan. Refined 
gallium production was estimated to be about 378 t, which may 
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inadvertently include some recycled new scrap. China, Japan, 
the United Kingdom, and the United States refined gallium. 

Roskill Information Services estimated worldwide gallium 
consumption to be 218 t in 2011. Neo Material Technologies 
estimated that 50% of gallium consumed worldwide came from 
recycled sources (Seeley, 2011; Roskill’s Letters from Japan, 
2012a). Gallium was recycled from new scrap in Canada, 
Germany, Japan, the United Kingdom, and the United States. 

Canada.—In 2011, minor metals refiner 5N Plus Inc. 
(Montreal, Quebec) acquired Belgium-based MCP Group 
SA. MCP operated a primary gallium facility in Germany 
and gallium refineries in China and the United Kingdom (5N 
Plus Inc., 2011b). 5N Plus also signed a memorandum of 
understanding with Rio Tinto Alcan to potentially recover 
primary gallium from Rio Tinto’s Vaudreuil alumina facility in 
Quebec (Metal Bulletin, 2011). Additionally, 5N Plus announced 
that it would construct a gallium chemicals plant in the Republic 
of Korea in partnership with primary gallium producer Golden 
Harvest Investments Ltd. (Hong Kong, China). The South 
Korean facility would produce gallium chemicals for the LED 
market and was expected to be operational by 2012 (SN Plus 
Inc., 201 1a). 

Orbite Aluminae Inc. (Montreal, Quebec) (formerly known 
as Exploration Orbite V.S.P.A. Inc.) completed construction 
of a pilot plant to recover alumina from aluminous clays 
near Grande-Vallee, Quebec, and planned to construct a 
smelter-grade alumina refinery that would be commissioned by 
2013. In addition to alumina, the refinery would also recover 
gallium and other rare metals and rare-earth elements (Orbite 
Aluminae Inc., 2011). 

China.—Throughout 2010 and 2011, China invested 
substantially in its LED manufacturing infrastructure, which 
was valued at $5.8 billion in 2011, an increase of 23% from 
$4.7 billion in 2010. Subsidies from local governments were 
instrumental in helping ramp up LED production capacity. 
China became the world’s leading consumer of LED lighting 
and the leading producer of liquid crystal display (LCD) 
televisions, a percentage of which were LED backlit. The | 
country was reported to have produced 200 t of primary gallium 
in 2011, and doubled its primary gallium manufacturing 
capacity to 280 t in 2011 from 141 t in 2010. China accounted 
for 76% of the 654 MOCVD reactors shipped worldwide in 
2011. The Chinese Government also implemented a widespread 
street-lighting program that was expected to create strong 
domestic demand for LED-based lighting (Semiconductor 
Today, 2011b; IMS Research Ltd., 2012b; Metal Bulletin, 2012). 

China's primary gallium producers were m 
Corporation of China, Ltd.; Beijing JiYa Semicon uctor 

‘al Co., Ltd.; China Crystal Technologies, Ltd.; East Hope 
мы l; d Co.: and Zhuhai Fangyuan (Roskill 
Mianchi Gallium In ustry ©0.; 2c 
Information Services, Ltd., 2011, p. 21- » 

Germany. — Global Solar Energy, Inc. (Tuscon, | 

‘ecioned a CIGS manufacturing facility in 
AD with a production capacity of 35 
Berlin-Adleshof, Germany, с 

Energy, Inc., 201 1). In Lower Saxony, 

MW (Global Solar soe. Germany) constructed 

GP Joule GmbH (Reuflenkóge, y | 
O a ought to be the world’s leading solar dus oe ава 

is | ( 

poe technology. The plant had a total capacity of 20. 
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and would supply electricity to approximately 6,000 households 
(GP Joule GmbH, 2011). Avancis GmbH & Co. KG (Torgau, 
Germany) opened its second CIGS manufacturing facility in 
Torgau, Germany, with a production capacity of 100 MW. 

The second facility increased Avancis’ total CIGS production 
capacity to 120 MW (Avancis GmbH & Co. KG, 2011). 

Japan.—The Japan Oil, Gas, and Metals National Corp. 
(JOGMEC) estimated that Japan consumed 114 t of gallium in 
2011, with the LED market accounting for 42% of consumption 
(Kita Yoshiyuki, Director, Rare Metals Stockpile Department, 
Japan Oil, Gas, and Metals National Corp., written commun., 
February 29, 2012). Following the 2011 earthquakes and 
tsunami that devastated northeast Japan, several Japanese 
compound semiconductor-related manufacturing plants were 
destroyed, which reduced Japanese production of GaAs 
substrates. Sumitomo Chemical Co. Ltd. announced that it 
would double the GaAs epiwafer production capacity of its 
Chiba Works facility in Sodegaura (Sumitomo Chemical Co. 
Ltd., 2011; Compound Semiconductor, 2012a). 

In 2011, Solar Frontier K.K. (Tokyo, Japan) established 
the world’s first gigawatt-scale CIGS manufacturing facility 
in Miyazaki, Japan, with an annual capacity of 900 MW. 
Combined with Solar Frontier’s already existing CIGS plants, 
the new facility increased the company’s total annual CIGS 
production capacity to approximately 1 gigawatt (Solar Frontier 
K.K., 2011). 

Korea, Republic of.—1n 2011, the Government initiated a 
LED lighting program as part of its national energy-saving 
strategy. The program aimed to achieve a 100% adoption rate 
for LED lighting in the South Korean public sector and a 6076 
adoption rate for all lighting applications nationwide by 2020 
(Compound Semiconductor, 20112). Neo Material Technologies 
began construction of its gallium trichloride production facility 
in the Hyeongok Industrial Zone, which was regarded as the 
center of the country's LED industry. Commercial production 
at the facility was expected to commence by the third quarter of 
2012 (Neo Material Technologies, Inc., 201 1). 


Outlook 


According to IQE, smartphones represented a fundamental 
structural shift in mobile communications. Increased use of | 
smartphones, which use up to 10 times the amount of GaAs-rich 
RF content than standard cellular telephones, was expected to 
account for 43% of all handset sales by 2014 (IQE ple, 2012, 

p. 8). Installation of 3G and 4G mobile networks in India 

and the Republic of Korea was expected to increase sales of | 
smartphones further. Additional increases in GaAs demand will 
also result from new applications for wireless fidelity (WiF 1), 
such as point-to-point communications, smart meters, and tablet 
personal computer technologies. Market research firm Yole Р 
Développement predicted that the GaAs substrate market woul 
increase at a compound annual growth rate of nearly 11%, | 
increasing to $650 million by 2017 owing primarily to the rise 
in GaAs content in handsets and increased penetration of LEDs 
in general lighting and automotive applications (Semicon 
Today, 2012c). О 

Yole Développement reported that emerging companies 10 
the GaN power device market were expected to transition from 
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qualification to production ramp up in 2013, and the increased 
GaN device capacity would enable the market to expand rapidly. 
It was thought the GaN power device market could reach $1 
billion in revenue by 2019 if GaN power devices were qualified 
in the electric vehicle/hybrid electric vehicle sector. Yole 
Développement also indicated that some LED manufacturers 
considered manufacturing GaN power electronics as a means of 
diversifying their excess LED fabrication capacity 

(Keller, 2012). 

Strategy Analytics forecast the overall GaN device market 
was to increase at a compound annual average growth rate of 
nearly 29%, to reach $178 million in 2015. The U.S. defense 
industry would continue to be the major customer of GaN 
devices. The percentage of total GaN revenue derived from 
military applications, however, would decrease from 98% in 
2010 to 67% in 2015, as GaN’s efficiency, power dissipation, 
and operating temperature advantages are used in commercial 
market applications (Compound Semiconductor, 20125). 

Yole Développement forecast that LED revenue would reach 
$11.4 billion in 2012 and peak to $17.1 billion by 2018. Owing 
to the lower adoption of LED television backlighting in 2011, 
excess LED capacity, and the reduction of LED prices, the LED 
industry was expected to begin migrating to general lighting 


‘applications in 2012. By 2014, general lighting applications 


were anticipated to account for more than 50% of the LED 
market. Yole Développement indicated, however, that LED 
prices must decrease by at least a factor of 10 from those 

of 2011 if LEDs are to successfully compete against lower 
cost technologies in the general lighting market (Compound 
Semiconductor, 20124). 

Industry analyst firm NanoMarkets, LC forecast that the CIGS 
market could reach $4.4 billion by 2017 provided that CIGS 
manufacturers adopt new strategies to protect themselves from 
declining crystalline silicon solar panel prices. NanoMarkets 
expected CIGS manufacturers to continue reducing prices via 
increases in production volume and manufacturing efficiencies, 


as well as aggressive recycling strategies (Semiconductor Today, 
2012b). 
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TABLE 1 
SALIENT U.S. GALLIUM STATISTICS! 


(Kilograms unless otherwise specified) 


2007 2008 2009 2010 2011 
Production == = x E 2 
Imports for consumption 37,100 41,100 35,900 59,200 85,700 
Consumption 25,100 28,700 24,900 33,500 35,300 
Price” dollars per kilogram 530 579 449 600 688 
-- Zero. 
"Data are rounded to no more than three significant digits. 
"Estimate based on average value of U.S. imports of high-purity gallium. 
TABLE 2 
U.S. CONSUMPTION OF GALLIUM, BY END USE"? 
(Kilograms) 
End use 2010 2011 
Optoelectronic devices: 
Laser diodes and light-emitting diodes 9,390 9,500 
Photodetectors and solar cells 612 705 
Integrated circuits: | 
Analog 21,200 22,900 
Digital 2,100 2,050 
Research and development 235 123 
Other -- - 
Total 33,500 35,300 
— Zero. 
"Раја are rounded to no more than three significant digits; may not add to 
totals shown. 
"Includes gallium metal and gallium compounds. 
TABLE 3 
STOCKS, RECEIPTS, AND CONSUMPTION OF GALLIUM, BY GRADE! 2 
(Kilograms) 
Beginning Ending 
Purity stocks Receipts Consumption stocks 
2010: 
99.99% to 99.999% 3,240 624 - 3,870 
99.9999% 740 500 280 960 
99.99999% ю 99.999999% 118 501 475 144 
Total 4,100 1,630 755 4,970 
2011: 
99.99% to 99.999% 3,870 1,290 7 5,150 
99.9999% 960 679 301 1,340 
99.99999% to 99.999999% 144 842 619 367 
Total 4,970 2,810 927 6,850 


! Consumers only. 


?Data are rounded to no more than three significant digits; may not add to totals shown. 


27.7 


27.8 


ТАВГЕ 4 
ESTIMATED AVERAGE GALLIUM PRICES 


(Dollars per kilogram) 


Gallium metal 
Purity > 99.9999%; average value of U.S. imports 
Purity < 99.99%; average value of U.S. imports 


2010 
600 
307 


2011 
688 
374 


TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF GALLIUM (UNWROUGHT, WASTE, AND 
SCRAP), BY COUNTRY! 
2010 2011 
Quantity Quantity 
Country (kilograms) Value? (kilograms) Value? 
Canada 4,170 $1,480,000 -- -- 
China 12,200 3,960,000 8,890 $6,540,000 
France 601 378,000 1,290 667,000 
Germany 14,400 3,760,000 35,200 13,000,000 
Hungary -- -- 268 152,000 
Јарап 649 409,000 1,250 844,000 
Korea, Republic of -- -- 1,420 900,000 
Netherlands 1,400 745,000 3,100 1,720,000 
Russia 1,000 395,000 701 607,000 
Singapore 530 218,000 6,050 2,880,000 
Ukraine 3,810 1,360,000 149 123,000 
United Kingdom 20,500 6,450,000 27,300 16,200,000 
Other 3° 3,540 ' -- -- 
Тога! 59,200 — 19,200,000 85,700 43,700,000 


"Revised. -- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


2Customs value. 


Source: U.S. Census Bureau. 
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TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF 
GALLIUM ARSENIDE WAFERS, BY COUNTRY! 


"Revised. -- Zero. 
"Рака are rounded to no more than three significant digits; may not add to totals 


shown. 


Customs value. 


Source: U.S. Census Bureau. 


TABLE 7 


2010 2011 
Quantity Quantity 
Material and country (kilograms) Value? (kilograms) Value? 
Undoped: 
Austria 34 $22,500 26 $18,800 
Canada 19,500 1,720,000 2,910 23,600 
China -- -— 558 178,000 
Germany 103 12,700 11,200 131,000 
India 9,030 12,000 -- — 
Тарап 1 5,400 12,300 41,700 
Taiwan 2,140 128,000 59,400 304,000 
United Kingdom 32,200 55,700 25 2,360 
Other 109 ' 38,300 " 25 4,730 
Total 63,200 1,990,000 86,500 704,000 
Doped: 
Belarus 34 5,460 9,030 1,980,000 
China 14,100 21,200,000 15,100 22,100,000 
Czech Republic 1,460 1,350,000 1,190 1,230,000 
Finland . 4,180 2,440,000 6,490 4,400,000 
France 7,050 7,220,000 2,290 3,670,000 
Germany 30,500 25,700,000 56,000 31,600,000 
Japan 72,100 84,800,000 84,000 96,900,000 
Korea, Republic of 1,100 787,000 1,830 697,000 
Norway 30 63,700 2,250 738,000 
Poland 1,230 691,000 700 644,000 
. Singapore 8,800 12,900,000 6,560 10,700,000 
Taiwan 20,300 28,500,000 17,300 45,700,000 
United Kingdom 2,950 1,750,000 9,280 3,250,000 
Other 2,140 " 1,800,000 ' 2,600 1,880,000 
Тога! 166,000 189,000,000 215,000 225,000,000 


ESTIMATED WORLD ANNUAL PRIMARY GALLIUM 
PRODUCTION CAPACITY, DECEMBER 31, 2011! 


(Metric tons) 

Country Capacity 

China 280 
Germany 40 
Hungary 8 
Japan 10 
Kazakhstan 25 
Korea, Republic of 16 
Russia 10 
Ukraine 15 
Total 404 


"Includes capacity at operating plants as well as at plants on 


standby basis. 
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GARNET, INDUSTRIAL 
By Donald W. Olson 


Domestic survey data and table were prepared by Connie Lopez, statistical assistant. 


In 2011, U.S. production of crude garnet concentrate for 
industrial use was estimated to be 56,400 metric tons (t) valued 
at about $9.76 million, an increase from 52,600 t valued at about 
$7.91 million in 2010. U.S. exports and imports of industrial 
garnet were estimated to be 14,500 t and 116,000 t, respectively. 
U.S. apparent consumption was estimated to be 158,000 t. 
World production of crude garnet concentrate for industrial use 
was estimated to be 1.66 million metric tons (Mt) during 2011, 
compared with 1.41 Mt in 2010 (table 1). 

This report includes information on garnet produced in the 
United States that was used for industrial purposes. Current 
information on gem-grade garnet can be found in the 0.5. 
Geological Survey (USGS) Minerals Yearbook, volume I, 
Metals and Minerals, chapter on gemstones. Trade data in this 
report are from the U.S. Census Bureau. All percentages in the 
report were computed using unrounded data. 

Garnets have been used as gemstones and abrasives for 
centuries. Garnet necklaces have been found in burial sites as far 
back as the Bronze Age (3600 to 600 BC), and garnet is found 
among the ornaments adorning the oldest Egyptian mummies. 
Garnet is ideal for many industrial applications because of its 
angular fractures, relatively high hardness and specific gravity, 
chemical inertness, nontoxicity, lack of crystalline silica, and its 
ability to be recycled. 

Garnet is the general name given to a group of complex 
silicate minerals, all with isometric crystal structure and similar 
properties and chemical composition. The general chemical 
formula for the garnet minerals is A,B,(SiO,),, where A can be 
calcium, ferrous iron, magnesium, or manganese, and B can be 
aluminum, chromium, ferric iron, or rarely, titanium. The most 
common garnet minerals are classified into three groups—the 
aluminum-garnet group, the chromium-garnet group, and the 
iron-garnet group. The most common minerals of the aluminum- 
garnet group are almandine or almandite, grossularite, pyrope, 
and spessartite. 

Andradite is the most common iron-garnet mineral, and 
uvarovite is the most common chromium garnet. Garnet 
occurs worldwide in many rock types, principally gneisses 
and schists; other sources include contact metamorphic rocks, 
metamorphosed crystalline limestones, pegmatites, and 
serpentinites. Alluvial garnet is associated with heavy-mineral 
sand and gravel deposits in many parts of the world. 
Occurrences of garnet are numerous; however, relatively few 
commercially viable garnet deposits have been discovered. 


Production 


The U.S. industrial garnet industry is dominated by a 
few major producers. The garnet industry has encountered 
Progressively higher production costs and tighter profit margins 
since the mid-1990s. These factors have resulted in the loss 
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of noncompetitive producers. Because of the need to keep 
production costs at a minimum, the most competitive producers 
are those who produce garnet in combination with one or 

two other minerals, have reserves that can be mined at a low 
cost, and have the ability to react rapidly to changes in market 
demand. The value of industrial garnet is influenced by the size 
and grade of reserves, the type and quality of garnet mined, the 
proximity of deposits to infrastructure and consumers, and the 
milling costs. The majority of industrial-grade garnet mined 

in the United States is almandine (iron aluminum silicate) 

and pyrope (magnesium aluminum silicate); some andradite 
(calcium iron silicate) also is mined domestically. Industrial 
garnet is produced from alluvial bar and beach deposits, like 
those in Idaho and Montana (also those in Australia and India), 
and it is produced from hard rock deposits, like those in New 
York (Moore, 2006). 

Four U.S. companies accounted for all domestic production— 
one in Idaho, one in Montana, and two in New York. The 
USGS obtained the data in this report through a survey of U.S. 
industrial garnet producers. Two of the four domestic producers 
reported their output and sales to the USGS, and production 
amounts and values for the nonreporting companies were 
estimated based on industry production trends, reports from 
some producers and other industry sources, and discussions with 
consultants within the garnet industry. 

In 2011, U.S. production of crude garnet concentrate for 
industrial use was estimated to be 56,400 t valued at about 
$9.76 million (table 1). This was a 796 increase in production 
and an increase of 23% in value compared with 52,600 t valued 
at $7.91 million in 2010. The United States accounted for 
about 3% of global industrial garnet production. Refined garnet 
material sold or used during 2011 was 33,700 t valued at $9.66 
million, a unit value of $287 per ton, which was a 1696 increase 
in quantity, an increase of about 29% in value, and a 1096 
increase in unit value compared with the 2010 levels. Garnet 
producers in 2011 were Barton International in Warren County, 
NY; Emerald Creek Garnet Ltd. in Benewah County, ID; NYCO 
Minerals, Inc. in Essex County, NY; and Ruby Valley Garnet 
LLC in Madison County, MT. In addition to the producers cited 
above, International Garnet Abrasive Inc. in Clinton County, 
NY, processed and sold all the garnet mined by NYCO Minerals 
as a byproduct of wollastonite production in 2011. 

On July 1, 2011, Barton Mines Co., LLC was renamed Barton 
International to be more in line with the company's international 
focus and increasing worldwide customer base. The new name 
also fits Barton plans to expand into European and Asian 
markets. Barton International will continue manufacturing and 
distributing garnet abrasives (Barton Group, The, 2011). 

A new mining operation being developed in Coos County, 
OR, by Oregon Resources Corp. was expected to produce 
alluvial sands containing chromite, spessartite garnet, and other 


minerals. The company planned to process а test run of garnet 
production in August 2012 for evaluation. Once the garnet 
production is brought online, the garnet is intended for waterjet 
cutting markets (Brianna Hanson, director of marketing and 
sales, Oregon Resources Corp., oral commun., July 30, 2012). 
Oregon Resources estimated that the mine will produce 635,000 
tons per year of ore, yielding 54,400 t of chromite and 16,300 
to 18,100 t of spessartite garnet. Oregon Resources projected 

a 15-year mine life for the operation (James Dingman, retired 
director of marketing and sales, Oregon Resources Corp., 
written commun., February 28, 2007; oral commun., July 27, 
2012). 


Consumption 


In 2011, the estimated U.S. apparent consumption of 
industrial garnet was 158,000 t. The United States accounted for 
about 9% of global industrial garnet use. 

The end uses for garnet in the United States and their 
estimated market share in 2011 were abrasive grains for waterjet 
cutting, 35%; abrasive blasting media, 30%; water filtration, 
20%; abrasive powders, 10%; and other, 5%. Domestic 
industries that consume garnet include aircraft and motor 
vehicle manufacturers, ceramics and glass producers, electronic 
component manufacturers, filtration plants, glass polishing, 
the petroleum industry, shipbuilders, textile stonewashing, and 
wood-furniture-finishing operations. 

Most industrial garnet is used as an abrasive because of 
its hardness, which ranges from 6 to 7.5 on the Mohs scale. 
High-quality, high-value garnet grain has been used principally 
for such applications as optical lens grinding and plate-glass 
grinding for more than a century, industrial diamond and 
fused aluminum oxide are competitors in these applications. 

In recent years, industrial garnet powders have been used for 
high-quality, scratch-free lapping of semiconductor materials 
and other metals. Garnet has replaced some silica sand in the 
abrasive blasting media market because garnet does not have the 
health risks associated with the inhalation of airborne crystalline 
silica dust. At present, however, silica sand and mineral slag 
continue to be the most widely used media in blasting. The 

U.S. petroleum industry is one of the leading garnet-consuming 
industries, using garnet for cleaning drill pipes and well casings. 
Garnet is also beginning to be used as an oil and gas reservoir 
fracturing proppant or mixed with other proppants when high 
temperature effects are encountered or in very deep formations 
(PatentStorm, undated). The aluminum aircraft manufacturing 
and shipbuilding industries use рате! for blast cleaning and 

for finishing metal surfaces. Similar uses include the cleaning 
nditioning of aluminum and other soft metals, as well 

as metal cleaning by structural steel fabrication shops. Garnet 
entrained in high-pressure streams of water also is used to cut 
many different materials. Garnet powders generally are used for 
antiskid surfaces, antislip paints, and glass and ceramic polishes. 

Waterjet cutting 15 the process of combining water under 
ultrahigh pressure with entrained garnet grains to cut a wide 

‘ety of materials. Materials cut using this process range 
os d fabric to hard steel, titanium, and other 


soft leather an | | 
а Waterjet cutting makes 1t possible to carve extremely 
inm shapes with computer-assisted cutter control. Water 
С | 
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is first focused into a narrow, restricted stream (usually about 
0.25 millimeter in diameter) by passing it through a corundum 
(aluminum oxide) or diamond orifice. The water stream then 
passes through a mixing chamber and focusing tube. Garnet is 
introduced in the mixing chamber, where it begins to mix with 
the water stream and continues mixing in the focusing tube. 
The garnet-water mixture exits the tube at very high velocity 
and is directed at the item to be cut. Almandine-pyrope garnet 
is excellent for this application as it strikes the necessary 
balance between cutting productivity and equipment wear. 
The waterjet market began to develop slowly in the late 1980s 
and early 1990s, and it has grown at a faster rate in the past 
20 years. Future growth is expected to remain steady as use 


- of this technology expands in existing areas and enters new 


applications that require an entrained flow of abrasive garnet 
in a water stream to cut metal, plastics, and glass. Abrasive 
waterjet cutting provides a tool for manufacturers faced with 
the task of cutting new materials, such as composites and 
sandwiched materials that had been problematic to machine in 
the past. Waterjet cutting allows for flexibility and eliminates 
the need for flame cutting. Cutting fragile materials or 
intricate patterns in a work piece by abrasive waterjet cutting 
significantly decreases the amount of distortion or breakage 
(Rapple, 2006). 

Low-quality industrial garnet, which has lower hardness and 
is more highly fractured, is used as a high-density medium in 
water filtration systems because of its relative inertness and 
resistance to chemical degradation. Garnet is well suited for 
water filtration and treatment because it is relatively heavy and 
chemically stable. Mixed-media water filtration, which uses 
a mixture of anthracite, garnet, and silica sand, has displaced 
older filtration methods because it provides better water quality. 
Garnet competes with ilmenite, magnetite, plastics, and silica 
sand as a filtration medium. 

Other applications for garnet include the manufacture of 
coated abrasives and the finishing of felt, hard rubber, leather, 
plastics, and wood. In the coated-abrasive market, garnet falls 
between low-cost quartz sand or staurolite and more costly 
manufactured abrasives, such as fused alumina and silicon 
carbide. Garnet is more efficient than quartz sand in most 
coated-abrasive applications. Owing to its friable nature and 
lower hardness, garnet cannot compete with manufactured | 
abrasives in metalworking applications that require substantial 
metal removal. 

In spite of increased industrial garnet sales during 2011, US. 
garnet sales still remained below the 2008 level. Industrial 
garnet market demand is steadily approaching to levels seen 
prior to the global recession. The industrial garnet market has 
recovered, but it is not back to pre-recession levels. Garnet | 
materials most preferred for waterjet cutting applications remain 
in tighter supply (Industrial Minerals, 2011). 


Prices 


Industrial garnet is priced at a wide range, depending on 
application, quality, quantity purchased, source, and type. 
During 2011, domestic values for crude concentrates for m 
different applications ranged from about $75 to $208 г 
ton, with an average for the year of $173 per ton. Domestic 
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values for refined garnet for different applications sold during 
the year ranged from $83 to $331 per ton, with an average for 
the year of $287 per ton. 

The estimated average values of garnet from other leading 
producers around the world based on the value of import 
shipments are as follows: Australia, $174 per ton; Canada, $297 
per ton; China, $410 per ton; and India, $172 per ton. During 
2011, the average value of industrial garnet imported from all 
sources was $211 per ton, which was a 19% decrease from $261 
per ton in 2010. 


Foreign Trade 


Lower priced foreign imports of garnet slowly began 
displacing U.S. production in domestic markets during the 
1990s. For the past 6 years, industrial garnet imports have 
provided between 59% and 67% of the U.S. total industrial 
garnet supply. 

The U.S. Census Bureau compiles trade data on exports and 
imports of industrial garnet mixed with other natural abrasive 
commodities, such as emery and corundum, so the data cannot 
be identified specifically as garnet. Based on reports from 
some producers and other industry sources, all industrial garnet 
imports data for 2007 to 2010 have been revised upwards. 
Exports and imports of industrial garnet for 2011 were estimated 
to be 14,500 t and 116,000 t, respectively. These estimates 
were based on reports from some producers and other industry 
sources, and discussions with garnet industry consultants. 
Exports increased by about 24% from those of 2010, and 
imports increased by about 45% compared with those of 2010. 
In 2011, Australia, Canada, China, and India continued to 
supply the majority of the U.S. garnet imports, with Australia 
providing 43%; India, 42%; China, 13%; Canada, 1%; and 
other countries, 1% of industrial garnet imported into the United 
States for consumption. About 68% of garnet exports from 
the United States went to Brazil, Canada, China, Germany, 
Mexico, Sweden, Taiwan, Trinidad and Tobago, and the United 
Kingdom. 


World Review 


The USGS estimated total 2011 world industrial garnet 
production to be about 1.66 Mt, up from 1.41 Mt in 2010. In 
2011, India, China, Australia, and the United States were, in 
decreasing tonnage order, the leading producers. In 2011, India 
produced about 48% of total global production; China, about 
31%; Australia, 16%; the United States, about 3%; and other 
countries, about 2%. China and India are expected to continue 
as the leading world producers of industrial garnet. Russia and 
Turkey have been mining garnet in recent years, primarily for 
domestic markets. Small garnet-mining operations also are 
located in Canada, Chile, the Czech Republic, Pakistan, South 
Africa, Spain, Thailand, and Ukraine. Production in most of 
these countries is for domestic use. 

Industrial garnet suppliers in Australia and India continued 
to be hegatively affected by stronger domestic currencies 
against the U.S. dollar and increased costs. This allowed supply 
replacement from lower priced sources in China. The Chinese 
supply of industrial garnet was increasing, but the quality of 
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those supplies has not been as consistent as other producers 
(Industrial Minerals, 2011). 

In 2011, Australian industrial garnet production increased by 
about 75% from those of 2010, Indian production increased by 
14%, and Chinese production increased by 896. China and India 
were expected to steadily increase garnet output for the next 
decade and have become significant garnet sources for other 
countries. Worldwide end uses and their estimated market shares 
were abrasive blasting media, 50%; abrasive grains for waterjet 
cutting, 30%; water filtration, 15%; and other end uses, 5%. 


Outlook 


The U.S. garnet industry has encountered higher production 
costs and tighter profit margins during recent years. The industry 
also has been competing with lower priced foreign imports 
that have displaced U.S. production in domestic markets, so 
much so that, for the past 7 years, industrial garnet imports 
have exceeded domestic industrial garnet production. This 
has resulted in the closure of noncompetitive operations. 
Because of the need to keep production costs at a minimum, the 
most competitive producers are those who produce garnet in 
combination with one or two other minerals, have reserves that 
can be mined at a low cost, and have the ability to react rapidly 
to changes in market demand. An example of a new mining 
operation that will produce more than one mineral is the mine 
being developed in Coos County, OR, by Oregon Resources 
Corp. The mine was expected to produce chromite, spessartite 
garnet, zircon, and ilmenite (James Dingman, director of 
marketing and sales, Oregon Resources Corp., written commun., 
February 28, 2007; oral commun., July 27, 2012). 

Worldwide demand for industrial garnet is expected to 
continue to increase, especially-within the markets for abrasive 
grains for waterjet cutting and for abrasive blasting media. 
Garnet demand also is expected to continue to expand for 
aircraft manufacturing and shipbuilding, where Significant 
quantities of garnet are used for abrasive blast cleaning and 
finishing of metal surfaces and for waterjet cutting. The use of 
garnet in waterjet cutting is expected to increase at a hi gher rate 
than the use of garnet as an abrasive blasting media. 
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TABLE 1 
ESTIMATED SALIENT U.S. INDUSTRIAL GARNET STATISTICS ! 
2007 2008 2009 2010 2011 
United States: 
Crude production: 
Quantity metric tons 61,400 62,900 45,600 52,600 56,400 
Value thousands $11,300 $13,600 $6,850 $7,910 $9,760 
Sold or used:? 
Quantity metric tons 20,700 49,800 22,100 28,900 33,700 
Value thousands $5,830 $13,500 $6,100 $7,510 ' $9,660 
Exports: 
Quantity metric tons 12,000 12,500 13,200 11,700 14,500 
Value thousands $9,620 $9,050 $10,700 $14,400 $14,100 
Imports for consumption: 
Quantity metric tons 98,000 ' 92,300 ' 71,100 * 79,700 ' 116,000 
Value thousands $15,000 * $21,700 ' $16,700 ' $20,800 " $24,500 
Apparent consumption’ metric tons 147,000" 143,000" 104,0007 121,000" 158,000 
World, production do. 1,380,000 1,310,000 1,390,000 1,410,000 1,660,000 


‘Revised. до. Ditto. 

'Data are rounded to no more than three significant digits. 
ЗМау exclude some unreported exports. 

Domestic production plus imports minus exports. 
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GEMSTONES 
By Donald W. Olson 


Domestic survey data and tables were prepared by Connie Lopez, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2011, the estimated value of natural gemstones produced 
in the United States was more than $11.0 million, and the 
estimated value of U.S. laboratory-created gemstone production 
was more than $31.9 million. The total estimated value of U.S. 


gemstone production was about $43.0 million. The value of U.S. 


gemstone imports was $23.5 billion, and the value of combined 
U.S. gemstone exports and reexports was estimated to be $18.2 
billion. In 2011, world natural diamond production totaled 
almost 135 million carats, of which an estimated 74.0 million 
carats was gem quality. 

In this report, the terms “gem” and “gemstone” mean any 
mineral or organic material (such as amber, pearl, petrified 
wood, and shell) used for personal adornment, display, or object 
of art because it possesses beauty, durability, and rarity. Of 
more than 4,000 mineral species, only about 100 possess all 
these attributes and are considered to be gemstones. Silicates 
other than quartz are the largest group of gemstones in terms 
of chemical composition; oxides and quartz are the second 
largest (table 1). Gemstones are subdivided into diamond and 
colored gemstones, which in this report designates all natural 
nondiamond gems. In addition, laboratory-created gemstones, 
cultured pearls, and gemstone simulants are discussed but are 
treated separately from natural gemstones (table 2). Trade data 
in this report are from the U.S. Census Bureau. All percentages 
in the report were computed using unrounded data. Current 
information on industrial-grade diamond and industrial-grade 
garnet can be found in the U.S. Geological Survey (USGS) 
Minerals Yearbook, volume I, Metals and Minerals, chapters on 
industrial diamond and industrial garnet, respectively. 

Gemstones have fascinated humans since prehistoric times. 
They have been valued as treasured objects throughout history 
by all societies in all parts of the world. Amber, amethyst, coral, 
diamond, emerald, garnet, jade, jasper, lapis lazuli, pearl, rock 
crystal, ruby, serpentine, and turquoise are some of the first 
stones known to have been used for making jewelry. These 
stones served as symbols of wealth and power. Today, gems are 
worn more for pleasure or in appreciation of their beauty than to 
demonstrate wealth. In addition to j ewelry, gemstones are used 
for collections, decorative art objects, and exhibits. 


Production 


U.S. gemstone production data were based on a survey of 
more than 250 domestic gemstone producers conducted by the 
USGS. The survey provided a foundation for projecting the 
Scope and level of domestic gemstone production during the 
year. However, the USGS survey did not represent all gemstone 
activity in the United States, which includes thousands of 
professional and amateur collectors. Consequently, the USGS 
Supplemented its survey with estimates of domestic gemstone 
production from related published data, contacts with gemstone 
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dealers and collectors, and information gathered at gem and 
mineral shows. 

Commercial mining of gemstones has never been extensive 
in the United States. More than 60 varieties of gemstones have 
been produced commercially from domestic mines, but most of 
the deposits are relatively small compared with those of other 
mining operations. In the United States, much of the current 
gemstone mining is conducted by individual collectors, gem 
clubs, and hobbyists rather than by businesses. 

The commercial gemstone industry in the United States 
consists of individuals and companies that mine gemstones 
or harvest shell and pearl, firms that manufacture 
laboratory-created gemstones, and individuals and companies 
that cut and polish natural and laboratory-created gemstones. 
The domestic gemstone industry is focused on the production of 
colored gemstones and on the cutting and polishing of large 
diamond stones. Industry employment is estimated to be 
between 1,000 and 1,200. 

Most natural gemstone producers in the United States 
are small businesses that are widely dispersed and operate 
independently. The small producers probably have an average 
of less than three employees, including those who only work 
part time. The number of gemstone mines operating from 
year to year fluctuates because the uncertainty associated with 
the discovery and marketing of gem-quality minerals makes 
it difficult to obtain financing for developing and sustaining 
economically viable operations. 

The total value of natural gemstones produced in the United 
States was estimated to be about $11.0 million during 2011 
She 3). This production value was a 10% increase from that of 

Natural gemstone materials indigenous to the United States 
are collected or produced in every State. During 2011, all 50 
States produced at least $1,390 worth of gemstone materials 
There were 11 States that accounted for 90% of the total value 
as reported by survey respondents. These States were, in ' 
descending order of production value, Arizona, North Carolina 
Oregon, Utah, California, Tennessee, Montana, Arkansas 
Colorado, Idaho, and Maine. Some States were known for 
the production of a single gemstone material—Tennessee for 
freshwater pearls, for example. Other States produced a varie 
of gemstones; for example, Arizona’s gemstone deposits i 
included agate, amethyst, azurite, chrysocolla, garnet, jade 
Jasper, malachite, obsidian, onyx, opal, peridot, petrified wo d 
пен FA turquoise. А wide variety of gemstones BE | 
was found and produced in Californi 
NE rji: California, Idaho, Montana, and 
an dc De ататын, 

| ег of Diamonds Stat 
near Murfreesboro in Pike County, AR. Th сак 
› АК. The State of Arkansas 
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maintains а dig-for-fee operation for tourists and rockhounds 

at the park; Crater of Diamonds is the only diamond mine in 
the world that is open to the public. The diamonds occur іп a 
lamproite breccia tuff associated with a volcanic pipe and in 

the soil developed from the lamproite breccia tuff. In 2011, 560 
diamond stones with an average weight of 0.267 carat were 
recovered at the Crater of Diamonds State Park. Of the 560 
diamond stones recovered, 30 weighed more than 1 carat. Since 
the diamond-bearing pipe and the adjoining area became a State 
park in 1972 through yearend 2011, 29,906 diamond stones 
with a total carat weight of 5,981.1 have been recovered (Margi 
Jenks, park interpreter, Crater of Diamonds State Park, written 
commun., January 22, 2013). Exploration has demonstrated 
that this diamond deposit contains about 78.5 million metric 
tons (Mt) of diamond-bearing rock (Howard, 1999, p. 62). 

An Arkansas law enacted early in 1999 prohibits commercial 
diamond mining in the park (Diamond Registry Bulletin, 1999). 
A few companies have expressed interest in exploration for 

diamond deposits in areas of Alaska, Colorado, Minnesota, 
Montana, and Wyoming with geologic settings and terrain that 
are similar to Canadian diamond mining areas. Even though 
some exploration has taken place in these States, they remain 
largely unexplored for diamonds (Iron Range Resources & 
Rehabilitation Board, 2012). Although exploration and field 
studies have found many diamond indicators and a number of 
large diamond deposits, none have attracted long-term investors 
or been operated commercially. 

In addition to natural gemstones, laboratory-created 
gemstones and gemstone simulants were produced in the United 
States in 2011. Laboratory-created or synthetic gemstones have 
the same chemical, optical, and physical properties as natural 
gemstones. Simulants have an appearance similar to that of a 
natural gemstone material, but they have different chemical, 
optical, and physical properties. Laboratory-created gemstones 
that have been produced in the United States include alexandrite, 
cubic zirconia, diamond, emerald, garnet, moissanite, ruby, 
sapphire, spinel, and turquoise. However, during 2011, only 
cubic zirconia, diamond, moissanite, and turquoise were 
produced commercially. Simulants of amber, chrysocolla, 
coral, lapis lazuli, malachite, travertine, and turquoise also were 
manufactured in the United States. In addition, certain colors of 
laboratory-created sapphire and spinel, used to represent other 
gemstones, are classified as simulants. — | 

Laboratory-created gemstone production in the United States 
was valued at more than $31.9 million during 2011, which 
was a 4% increase compared with that of 2010. The value 
of U.S. simulant gemstone output was estimated to be more 
than $100 million. Five companies № five States, representing 
virtually the entire U.S. laboratory-created gemstone industry, 

tion to the USGS. The States with reported 
reported p j in descendin 
laboratory-created gemstone production ali ү чн sd 
order of p yeu Florida, New York, Massac | 
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that thousands of small plants throughout China were using 

the HPHT method and producing laboratory-created diamonds 
suitable for cutting as gemstones. Gem-quality diamonds of | 
carat or more are harder to manufacture because at that size, it is 
difficult to consistently produce diamonds of high quality, even 
in the controlled environment of a laboratory using the HPHT 
method. After more than 50 years of development, that situation 
changed, and several laboratory-created diamond companies 
were able to produce high-quality diamonds that equaled those 
produced from mines (Park, 2007). 

Gemesis Corp. (Sarasota, FL) consistently produced gem- 
quality laboratory-created diamond and reported production 
in 2011. The weight of the laboratory-created diamond 
stones ranges from 1' to 2 carats, and most of the stones are 
brownish yellow, colorless, green, and yellow. Gemesis uses 
diamond-growing machines capable of growing 3-carat rough 
diamonds by generating HPHT conditions that recreate the 
conditions in the Earth's mantle where natural diamonds form 
(Davis, 2003). The prices of the Gemesis laboratory-created 
diamonds are 3096 to 5096 lower than those of comparable 
natural diamond but above the prices of simulated diamond 
(Gemesis Corp., 2010). 

In the early 2000s, Apollo Diamond, Inc., near Boston, МА, 
developed and patented a method for growing single, extremely 
pure, gem-quality diamond crystals by chemical vapor 
deposition (CVD). The CVD technique transforms carbon into 
plasma, which is then precipitated onto a substrate as diamond. 
CVD had been used for more than a decade to cover large 
surfaces with microscopic diamond crystals, but in developing 
this process, Apollo Diamond discovered the temperature, gas 
composition, and pressure combination that resulted in the 
growth of a single diamond crystal. Apollo Diamond produced 
laboratory-created stones that ranged from 1 to 2 carats. — 
Beginning in 2008, Apollo Diamond increased its production 
of large stones and sold the diamonds at prices that averaged 
15% less than those of comparable natural diamonds (Apollo 
Diamond, Inc., 2008). Apollo Diamond and Gemesis prefer to 
call their diamonds “cultured” rather than laboratory-created, 
referring to the fact that the diamonds are grown much like a 
cultured pearl is grown. 

During 2011, Apollo Diamond ceased manufacture of 
single-crystal CVD diamond for gemstone and industrial use. р 
On August 31, 2011, SCIO Diamond Technology Corp. acquire 
the diamond growing machines and the related intellectual 
property rights from Apollo Diamond and on June 5, 20 12, Р 
acquired the remainder of the assets including cultured pamon 
gemstone-related technology, inventory, and various Dr 
property rights. SCIO Diamond Technology transferred al Р 
diamond growing equipment to their labs in Greenville, SC, ж 
planned to begin manufacturing single-crystal CVD diamonds 
during 2012 (Yahoo Finance, 2012). | " 

Charles & Colvard, Ltd. in North Carolina was the world 5 
only manufacturer of moissanite, a gem-quality labor шы, 
created silicon carbide. Moissanite is an excellent diamon 
simulant, but it is being marketed for its own gem qualities: у 
Moissanite exhibits a higher refractive index (brilliance) an 
higher luster than diamond. Its hardness is between those i 
corundum (ruby and sapphire) and diamond, which gives 
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durability (Charles & Colvard, Ltd., 2010). Charles & Colvard 
reported that moissanite sales increased by 26% to just more 
than $16 million in 2011 compared with $12.7 million in 2010 
(Bracken, 2012). 

U.S. mussel shells are used as a source of mother-of-pearl 
and as seed material for culturing pearls. U.S. shell production 
increased slightly in 2011 compared with that of 2010. This 
increase was in spite of decreased demands for U.S. shell 
materials caused by the use of manmade seed materials and 
seed materials from China and other sources by pearl producers 
in Japan. The popularity of darker and colored pearls and 
freshwater pearls that do not use U.S. seed material has also 
contributed decreased demands for U.S. shell materials. In some 
regions of the United States, shell from mussels was being used 
more as a gemstone based on its own merit rather than as seed 
material for pearls. This shell material was being processed into 
mother-of-pearl and used in beads, jewelry, and watch faces. 


Consumption 


Historically, diamond gemstones have proven to hold their 
value despite wars or economic depressions, but this did not 
hold true during the recent worldwide economic recession. 
Diamond and colored gemstones value and sales decreased 
during the economic downturn in 2008 and continued into 2009, 
but during 2010 and 2011 U.S. gemstone consumption and sales 
increased. 

Although the United States accounted for little of the 
total global gemstone production, it was the world’s leading 
diamond and nondiamond gemstone market. It was estimated 
that U.S. gemstone markets accounted for more than 35% of 
world gemstone demand in 2011. The U.S. market for unset 
gem-quality diamond during the year was estimated to be about 
$22.3 billion, an increase of 20% compared with that of 2010. 
Domestic markets for natural, unset nondiamond gemstones 
totaled approximately $1.19 billion in 2011, which was a 24% 
increase from that of 2010. These large increases in domestic 
markets were a reflection of the recovery from the impacts of 
the global recession on luxury spending. 

In the United States, a majority of domestic consumers 
designate diamond as their favorite gemstone. This popularity 
of diamonds is evidenced by the U.S. diamond market making 
up 9576 of the total U.S. gemstone market. Colored natural 
gemstones, colored laboratory-created gemstones, and “fancy” 
colored diamonds were popular in 2011, with the values of the 
domestic markets for almost all types of colored natural, unset 
nondiamond gemstones increased from the 2010 values 
(table 10), also owing to recovery from the impact of the 
recession on luxury spending. 

_ The estimated U.S. retail jewelry sales were $68.3 billion 
in 2011, an increase of 11% from sales of $61.5 billion in 
2010 (Gassman, 2012). Fifty-nine percent of all U.S. jewelers 
reported jewelry sales increased during the holiday shopping 


season from that of the previous year holiday shopping season 
(Graff, 2012). = 
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Prices 


Gemstone prices are governed by many factors and qualitative 
characteristics, including beauty, clarity, defects, demand, 
durability, and rarity. Diamond pricing, in particular, is complex; 
values can vary significantly depending on time, place, and the 
subjective valuations of buyers and sellers. More than 14,000 
categories are used to assess rough diamond and more than 
100,000 different combinations of carat, clarity, color, and cut 
values can be used to assess polished diamond. 

Colored gemstone prices are generally influenced by market 
supply and demand considerations, and diamond prices are 
supported by producer controls on the quantity and quality of 
supply. Values and prices of gemstones produced and (or) sold 
in the United States are listed in tables 3 through 5. In addition, 
customs values for diamonds and other gemstones imported, 
exported, or reexported are listed in tables 6 through 10. 

De Beers Group companies remain a significant force, 
influencing the price of gem-quality diamond sales worldwide 
during 2011 because the companies mine a significant portion 
of the world’s gem-quality diamond produced each year. In 
2011, De Beers production from its independently owned 
and joint-venture operations in Botswana, Canada, Namibia, 
and South Africa decreased 5% to 31.3 million carats (Mct), 
compared with that of 2010. De Beers companies also sorted 
and valuated a large portion (by value) of the world’s annual 
supply of rough diamond through De Beers’ subsidiary 
Diamond Trading Co. (DTC). DTC sales of rough diamonds 
increased 27% during 2011 compared with those of 2010 and 
totaled $6.5 billion during 2011. DTC rough diamond average 
prices increased by 29% from those of 2010. In 2011, De Beers 
had total diamond and jewelry sales of $7.4 billion, which was 
an increase of 26% compared with those of 2010 (DeMarco, 
2012). 


Foreign Trade 


During 2011, total U.S. gemstone trade with all countries 
and territories was valued at about $41.7 billion, which was 
an increase of 24% from that of 2010. Diamond accounted for 
about 97% of the 2011 gemstone trade total value. In 2011, U.S 
exports and reexports of diamond were shipped to 92 countries | 
and territories, and imports of all gemstones were received from 
97 countries and territories (tables 6-10). In 2011, U.S. import 
quantities in cut diamond decreased slightly compared with 
those of 2010, and their value increased by 20%. U.S. import 
quantities in rough and unworked diamond increased by 81% 
although their value increased by 20% (table 7). The United i 
States remained the world's leading diamond importer and was 
a significant international diamond transit center as well as th 
world's ра gem-quality diamond market. In 2011, U.S " 
export and reexports quantities of gem-erade dj Дес 
by 32% compared with those of 20 10, and сы 
by 29%. The large volume of reexports revealed the {та ыкы 
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Import values of laboratory-created gemstone increased by 
27% for the United States in 2011 compared with those of 2010 
(table 10). This increase in imports was owing to recovery from 
the impact of the recession on luxury spending. 

Laboratory-created gemstone imports from Austria, Belgium, 
China, Germany, India, and Malaysia, with more than $33 
million in imports, accounted for about 90% (by value) of the 
total domestic imports of laboratory-created gemstones during 
the year (table 9). The marketing of imported laboratory-created 
gemstones and enhanced gemstones as natural gemstones, and 
the mixing of laboratory-created materials with natural stones in 
imported parcels, continued to be problems for some domestic 

producers in 2011. Problems continued with some simulants 
being marketed as laboratory-created gemstones during the year. 


World Review 


The gemstone industry worldwide has two distinct sectors— 
diamond mining and marketing and colored gemstone 
production and sales. Most diamond supplies are controlled by a 
few major mining companies; prices are supported by managing 
the quality and quantity of the gemstones relative to demand, a 
function performed by De Beers through DTC. Unlike diamond, 
colored gemstones are primarily produced at relatively small, 
low-cost operations with few dominant producers, prices are 
influenced by consumer demand and supply availability. 

In 2011, world natural diamond production totaled about 
135 Mct—74.0 Mct gem quality and 60.5 Mct industrial grade 
(table 11). Most production was concentrated in a few regions— 
Africa [Angola, Botswana, Congo (Kinshasa), Namibia, | 
and South Africa], Asia (northeastern Siberia and Yakutia їп 
Russia), Australia, North America (Northwest Territories in 
Canada), and South America (Brazil and Venezuela). In 20 11, 
Russia led the world in total natural diamond output quantity 
(combined gemstone and industrial) with 25% of the estimated 
world production. Botswana was the world’s leading gemstone 
diamond producer with 34%; followed by Russia, 25%; Сапада, 
15%; Angola, 11%; Congo (Kinshasa), 5%; South Africa, 4%; 
Namibia, 2%; and Zimbabwe and Lesotho, with 1% each. 

These nine countries produced 98% (by quantity) of the world’s 
gemstone diamond output in 2011. | mu 

In 2002, the international rough-diamond certification 
the Kimberley Process Certification Scheme (KPCS), 
by United Nations (UN) member nations, the 
and involved nongovernmental organizations 
to prevent the shipment and sale of conflict diamonds. Conflict 
diamonds are diamonds that originate from areas controlled 
by forces or factions opposed to legitimate and internationally 
recognized governments, and are used to fund military action 
in opposition to those governments, or in contravention of the 
decisions of the UN Security Council. The KPCS includes 
the following key elements: the use of forgery-resistant 
certificates and tamper-proof containers for shipments of rough 
diamonds; internal controls and procedures that provide credible 
assurance that conflict diamonds do not enter the legitimate 
diamond market; a certification process for all exports of rough 
diamonds; the gathering, organizing, and sharing of import 
and export data on rough diamonds with other participants 
of relevant production; credible monitoring and oversight of 


system, 
was agreed upon 
diamond industry, 
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the international certification scheme for rough diamonds; 
effective enforcement of the provisions of the certification 
scheme through dissuasive and proportional penalties for 
violations; self regulation by the diamond industry that fulfills 
minimum requirements; and sharing information with all other 
participants on relevant rules, procedures, and legislation as 
well as examples of national certificates used to accompany 
shipments of rough diamonds. Congo (Kinshasa) assumed the 
chair of KPCS for January 1 through December 31, 2011, the 
ninth country or organization in succession to hold the chair 
after Israel, Namibia, India, South Africa, Canada, Russia, 
Botswana, and the European Commission. The 54 participants 
represented 80 nations (including the 27 member nations of the 
European Community) plus the rough diamond-trading entity 
of Taipei. During 2011, Cóte d'Ivoire continued to be under UN 
sanctions and was not trading in rough diamonds, and Venezuela 
voluntarily suspended exports and imports of rough diamonds 
until further notice. The participating nations in the KPCS 
account for approximately 99.896 of the global production and 
trade of rough diamonds (Kimberley Process, undated). 
Globally, the value of production of natural gemstones other 
than diamond was estimated to be more than $2.5 billion in 
2011. Most nondiamond gemstone mines are small, low-cost, - 
and widely dispersed operations in remote regions of developing 
nations. Foreign countries with major gemstone deposits other 
than diamond are Afghanistan (aquamarine, beryl, emerald, 
kunzite, lapis lazuli, ruby, and tourmaline), Australia (beryl, 
opal, and sapphire), Brazil (agate, amethyst, beryl, ruby, 
sapphire, topaz, and tourmaline), Burma (beryl, jade, ruby, 
sapphire, and topaz), Colombia (beryl, emerald, and sapphire), 
Kenya (beryl, garnet, and sapphire), Madagascar (beryl, rose 
quartz, sapphire, and tourmaline), Mexico (agate, opal, and 
topaz), Sri Lanka (beryl, ruby, sapphire, and topaz), Tanzania 
(garnet, ruby, sapphire, tanzanite, and tourmaline), and Zambia 
(amethyst and beryl). In addition, pearls are cultured throughout 
the South Pacific and in other equatorial waters; Australia, 
China, French Polynesia, and Japan were key producers in 2011. 
Worldwide diamond exploration allocations increased in 2011 
after 3 years of declines with 70 companies allocating $449 
million, compared with 99 companies allocating $357 million 
during 2010. This made the diamond share of overall worldwide 
exploration spending 396. Africa no longer was the most popular 
diamond exploration location, after 7 years in a row of being the 
leading exploration spending spot (Metals Economics 
Group, 2011). | А 
Worldwide in 2011, average diamond values increased 10% 
to $97.67 per carat from the 2010 average value of $88.79 
per carat. This increase was reflected in increases In the U.S. A 
markets, which demonstrated increasing quantity and value 0 
diamond imports in 2011 compared with those of 2010, and 
improved sales in North America overall (Metals Economics 
Group, 2012). | 
Despite higher diamond prices, only two new projects 
were commissioned in 2011. The Kao Mine in Lesotho began 
operation, and the expansion of the Williamson Mine 1n 
Tanzania was commissioned in December 2011 
(Metals Economics Group, 2012). 
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Canada.—Canadian diamond production was about 10.8 
Mct during 2011, a decrease of about 8% compared with that 
of 2010. Diamond exploration continued in Canada, with 
several commercial diamond projects and additional discoveries 
in Alberta, British Columbia, the Northwest Territories, the 
Nunavut Territory, Ontario, and Quebec. In 2011, Canada 
produced 8% of the world’s combined natural gemstone and 
industrial diamond output. 

The Ekati Diamond Mine, Canada’s first operating 
commercial diamond mine, completed its 13th full year of 
production in 2011. Ekati produced 2.07 Mct of diamond from 
4.60 Mt of ore. BHP Billiton Ltd. has an 80% controlling 
ownership in Ekati, which is in the Northwest Territories. Ekati 
has estimated remaining reserves of 33.9 Mt of ore in kimberlite 
pipes that contain 16.2 Mct of diamond. BHP Billiton projected 
the remaining mine life to be 11 years. Approximately 21% of 
the Ekati 2011 diamond production is industrial-grade material 
(Perron, 2011, p. 1; BHP Billiton Ltd., 2012, p. 10). 

The Diavik Diamond Mine, Canada’s second diamond mine, 
also located in the Northwest Territories, completed its ninth 
full year of production. Diavik produces an average of 2 million 
metric tons per year (Mt/yr), grading an average of 3.1 carats 
per ton. At yearend 2011, Diavik estimated the mine’s remaining 
proven and probable reserves to be 18.9 Mt of ore in kimberlite 
pipes containing 58.9 Mct of diamond and projected the total 
mine life to be 16 to 22 years. Diavik began developing an 
underground mine and substantially completed construction on 
the project during 2009. The first ore was produced from the 
underground mine during the first quarter of 2010, with full 
production expected in 2013. The mine is an unincorporated 

joint venture between Diavik Diamond Mine Inc. (60%) and 
Harry Winston Diamond Mines Ltd. (40%) (Perron, 2011, p. 2; 
Diavik Diamond Mine Inc., 2012, p. 5). 

Canada’s third diamond mine, the Jericho Diamond Mine 
in Nunavut, was originally owned by Tahera Diamond Corp. 
Tahera estimated the Jericho Diamond Mine’s reserves to be 
about 5.5 Mt of ore grading 0.85 carats per ton. The Jericho 
Diamond Mine experienced startup problems related to ore 
mining and processing. The mine also suffered financial 
problems owing to the cost of transporting supplies to the mine 
site, high operational costs, high oil prices, and appreciation of 
the Canadian dollar versus the U.S. dollar. All of these problems 
combined to force the company to enter into protection under 
Canada’s “Companies’ Creditors Arrangement Act” on 
January 16, 2008, and the mine suspended production on 
February 6, 2008. At yearend 2009, Tahera was finalizing 
arrangements to sell all of its Jericho Diamond Mine assets 
(Perron, 2011, p. 2). In July 2010, Shear Minerals Ltd. (now 
known as Shear Diamonds Ltd.) announced that it had entered 
into a purchase agreement with Tahera and Benachee Resources 
Inc. to acquire a 100% interest in the Jericho Diamond Mine, 
the mine’s processing facilities, and all supporting exploration 
assets in the Kitikmeot region of Nunavut (Shear Minerals Ltd., 
2010). Shear Minerals completed the acquisition of the Jericho 

Diamond Mine in August 2010 with the intention of bringing 


2 = back into production during 2012 (Shear Minerals Ltd., 
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The Snap Lake Mine, in the Northwest Territories, is wholly 
owned by De Beers Canada Inc. The Snap Lake deposit is a 
tabular-shaped kimberlite dyke rather than the typical kimberlite 
pipe. The dyke is 2.5 meters thick and dips at an angle of 12° to 
15°. The deposit was mined using a modified room and pillar 
underground mining method in 2011. The Snap Lake Mine 
started mining operations in October 2007, reached commercial 
production levels in the first quarter of 2008, and officially 
opened June 25, 2008. The mine was expected to produce 1.4 
Mct per year of diamond, and the mine life was expected to be 
about 20 years. The mine’s production for 2011 amounted to 
881,000 carats for a recovered grade of 1.2 carats per ton (De 
Beers Canada Inc., 2011; Perron, 2011, р. 2—3; De Beers Group 
Inc., 2012). 

The Victor Mine, in northern Ontario on the James Bay 
coast, also is wholly owned by De Beers Canada. The Victor 
kimberlite consists of two pipes with surface area of 15 
hectares. The Victor Mine initiated mining operations at yearend 
2007 and was officially opened on July 26, 2008. The Victor 
reportedly has 27.4 Mt of ore with average ore grade of 0.23 
carats per ton estimated minable reserves. At full capacity, the 
open pit mine was expected to produce 600,000 carats per year, 
and the mine life was expected to be about 12 years. In 2011, the 
mine’s production was 779,000 carats recovered from 2.67 Mt 
of ore (Perron, 2011, p. 3; De Beers Group Inc., 2012; De Beers 
Canada Inc., undated). 

_Lesotho.—The Kao Mine, owned by Namakwa Batla 
Diamonds Co., began processing kimberlite ore in late 
November 2011 and began commercial production in March 
2012. Namakwa expected production of 170,000 carats for 2012 
(Metals Economics Group, 2012). 

Tanzania. —Refurbishing of the plant at the Williamson 

Mine began in December 2011. The Williamson Mine is 75% 
owned Бу Petra Diamond Ltd. and 25% by the Government 
of Tanzania. Petra began operating the newly rebuilt plant in 
March 2012, but was waiting for a secure electrical supply 
before committing to the full expansion to mining 10 Mt/yr of 
ore (Metals Economics Group, 2012, p. 24). 


Outlook 


As the domestic and global economy improves, Internet 
sales of diamonds, gemstones, and jewelry were expected to 
continue to expand and increase in popularity, as were other 
forms of e-commerce that emerge to serve the diamond and 
gemstone industry. Internet sales are expected to add to and 
partially replace “brick-and-mortar” sales. This is likely to take 
place as the gemstone industry and its customers become more 
о же ш learn the applications of new €-commerce 
0015, such as sales Web sites an. j i | 
нето рот; d online social networking Web 
| As more independent producers, such as Ekati and Diavik 
in Canada, come online they will bring a greater measure of 
competition to global markets that presumably will brin 
supplies and lower prices. Further consolidation of Tem 
producers and larger quantities of rough diamond bein ет 
outside DTC is expected to continue as the diamond a 
adjusts to De Beers’ reduced influence on the industry “у 


More laboratory-created gemstones, simulants, and treated 
gemstones are likely to enter the marketplace and necessitate 
more transparent trade industry standards to maintain customer 
confidence. 
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GEMSTONES—2011 


ТАВГЕ 2 
LABORATORY-CREATED GEMSTONE PRODUCTION METHODS 


Gemstone Production method Company/producer Date of first production 


Alexandrite Flux Creative Crystals Inc. 1970s. 
Do. Melt pulling Ј.О. Crystal Co., Inc. 1990s. 

.Do de. _______КусааСор. 1% 
Do. Zone melt Seiko Corp. Do. 

Cubic zirconia Skull melt Various producers 1970s. 

Emerald Flux Chatham Created Gems 1930s. 
Do. do. Gilson 1960s. 
Do. do. Kyocera Corp. 1970s. 
Do. do. Lennix 1980s. 
Do. do. Russia Do. 
Do. do. Seiko Corp. Do. 
Do. Hydrothermal Biron Corp. Do. 
Do. do. Lechleitner 1960s. 
Do. do. Regency 19805. 
Ро. до. Russia Do. 

Ruby Flux Chatham Created Gems 1950s. 
Do. do. Douras 1990s. 
Do. do. Ј.О. Crystal Co., Inc. 1980s. 
Do. do. Kashan Created Ruby 1960s. 
Do. Melt pulling Kyocera Corp. 1970s. 
Do. · Verneuil Various producers 1900s. 
Do. Zone melt Seiko Corp. 1980s. 

Sapphire Flux Chatham Created Gems 1970s. 
Do. Melt pulling Kyocera Corp. 1980s. 
Do. Verneuil Various producers 1900s. 
Do. Zone melt Seiko Corp. 1980s. 

Star ruby Melt pulling Kyocera Corp. Do. 
Do. do. Nakazumi Earth Crystals Со. Do. 

- Ро. Verneuil Linde Air Products Co. 1940s. 
tar 


sapphire do. do. Do. 
Do., do. Ditto. 


29.12 


‘aia U.S. GEOLOGICAL SURVEY. MINERALS YEARBOOK—201! 


GEMSTONES—201 1 


TABLE 3 


ESTIMATED VALUE OF U.S. NATURAL GEMSTONE PRODUCTION, 


BY GEM TYPE! 


(Thousand dollars) 


Gem materials 
Beryl 
Coral, all types 
Diamond 
Garnet 
Gem feldspar 
Geode/nodules 
Opal 
Quartz: 


Macrocrystalline? 
Cryptocrystalline* 


Sapphire/ruby 
Shell 
Topaz 
Tourmaline 
Turquoise 
Other 

Total 


2010 
1,700 
150 
Q) 
149 
693 
110 
189 


273 
208 
344 
821 

Q) 

95 
449 
4,840 
10,000 


2011 
1,740 
150 
Q) 
110 
756 
110 
71 


333 
248 
343 
832 

Q) 

73 
1,330 
4,950 
11,000 


"Рава are rounded to no more than three significant digits; may not add 


to totals shown. 
?Less than И unit. 


*Macrocrystalline quartz (crystals recognizable with the naked eye) 


includes amethyst, aventurine, blue quartz, citrine, hawk's eye, pasiolite, 


prase, quartz cat's eye, rock crystal, rose quartz, smoky quartz, and 


tiger's eye. 


*Cryptocrystalline quartz (microscopically small crystals) includes agate, 


carnelian, chalcedony, chrysoprase, fossilized wood, heliotrope, 


jasper, moss agate, onyx, and sard. 
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TABLE 4 
PRICES PER CARAT OF U.S. CUT ROUND DIAMONDS, BY SIZE AND QUALITY IN 2011 


Carat Description, Clarity” Representative prices ; 

weight color! (GIA terms) January’ June’ December 
0.25 G VSI $1,400 $1,650 $1,650 
Do. G VS2 1,300 1,600 1,600 
Do. G 51 1,200 1,250 1,250 
Ро. Н VSI 1,350 1,600 1,600 
Do. H VS2 1,250 1,500 1,500 
Do. H SII 1,150 1,200 1,200 
0.50 G VSI 2,650 3,600 3,600 
Do G VS2 2,200 3,100 3,100 


Do 1,900 2,500 2,500 


VSI 2,350 3,170 3,170 
2,150 2,750 2,750 
S11 1,800 2,250 2,250 


J 
о 

T јаз] ја] [о 
АЕ 
~ 


© 
=> ГА 
ala 
< 
2 


6,400 8,500 8,500 
10 S а 640 850 $500 


< 
N 


S 


. 5,450 8,000 8,000 
| 4,650 6,500 6,500 

| 5,300 7,700 7,700 

| VS2 4,800 7,200 7,200 
4,225 5,900 5,900 

| 12,100 15,500 15,500 
ою о6о 150 1320 13200 
ую tS 15500 ______13,200 _______13,200' 


95 
о 
LIN 
= 


кә 
55 
соја! I 
«iu 
о 


9,100 11,200 , 


5 |5 
TIO 
2 
о 
с 
e 


VSI 9,500 13,300 13,300 
Боо H уо 910 1170 11700 
Do н 8250 1030 10300 
DT MN DM C CC ccc CC E 


оо 
TII 
as 
= |N 


'Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; С, Н, I—traces of color. 
Clarity: IF—no blemishes; VVS1—very, very slightly included; VS1—very slightly included; VS2— very 
slightly included, but not visible; Sli—slightly included. 

*Source: The Gem Guide, v. 30, no. 1, January/February 2011, р. 20—22. 

“Source: The Gem Guide, v. 30, no. 4, July/August 2011, р. 20—22. 

°Зоитсе: The Gem Guide, у. 30, по. 6, November/December 2011, р. 20-22. 


ТАВГЕ 5 
PRICES PER CARAT ОЕ U.S. CUT COLORED GEMSTONES IN 2011 


ALI на 


Price range per carat 


Gemstone January! December? 
Amethyst $10-25 $10-25 
Blue sapphire 950-1,800 950—1,900 
Blue topaz 5-10 5—10 
Emerald 2,400—4,000 2,600—4,400 
Green tourmaline 50—70 50—70 
Cultured saltwater pear]? 5 5 
Pink tourmaline 70-150 65—170 
Rhodolite garnet 22—45 22—45 
Ruby 1,850-2,200 2,200-2,600 
Tanzanite 300-375 300-375 


"Source: The Gem Guide, v. 30, no. 1, January/February 2011, p. 50, 53, 
57, 61, 63, 65, and 68—71. These figures are approximate wholesale 
purchase prices paid by retail jewelers on a per stone basis for 1-to-less 
than 1 carat, fine-quality stones. 


2 А 
Source: The Gem Guide, v. 30, no. 6, November/Décember 201 l, p. 50, 


33, 57, 61, 63, 65, and 68-71. These figures are approximate 


wholesale purchase prices paid by retail Jewelers on a per-stone basis for 
1-to-less than 1 carat, fine-quality stones, 


*Prices are per 4.5 to 5-millimeter pearl. 
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TABLE 6 


U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL 
DIAMOND), BY COUNTRY! 


See footnotes at end of table. 


у= 7009998 99 
Quantity Value? Quantity Value? 
Country (carats) (millions) (carats) (millions) 
Expos, кирп на ШЫ ый ч КЫШЫ 
Aruba 5,460 $9 3,390 $11 
Australia 33,000 34 11,700 25 
Austria 440 2 544 1 
Bahamas, The 870 3 852 5 
Belgium 346,000 396 269,000 370 
Belize 371 1 142 (3) 
Brazil 20,200 3 7,130 2 
Canada 52,000 87 52,400 96 
Cayman Islands 1,240 5 1,190 6 
China 23,300 34 13,900 39 
Costa Rica 9,430 2 7,760 1 
Сигасао — -- 6,150 17 
Denmark 368 l 190 (3) 
Dominican Republic 1,680,000 10 44,300 11 
France 33,000 94 1,200 34 
Germany 3,720 4 22,500 4 
Honduras 300 l 113 (3) 
Hong Kong 1,910,000 448 2,320,000 522 
India 1,300,000 825 768,000 579 
Ireland 10,000 39 895 5 
Israel 419,000 365 293,000 756 
Italy 1,600 3 3,020 15 
Jamaica 179 (3) 440 2 
Japan 3,400 9 6,830 3 
Lebanon 1,410 2 4,800 5 
Malaysia 505 2 255 (3) 
Mexico 561,000 84 604,000 97 
Netherlands 1,150 9 474 1 
Netherlands Antilles (former) 12,700 34 5,860 15 
New Zealand 630 2 429 2 
Panama 443 (3) 609 2 
Qatar 4,370 7 -- -- 
Russia 460,000 2 639 3 
Singapore 8,690 10 6,050 3 
South Africa 636 7 510 4 
Sweden 145 (3) 2,510 7 
Switzerland 147,000 177 190,000 257 
Taiwan 9,080 4 497 2 
Thailand 92,500 14 168,000 22 
United Arab Emirates 193,000 68 131,000 66 
United Kingdom 325,000 58 492,000 76 
Vietnam 2,610 2 564 (3) 
Other 27,500 7' 12,500 5 
Total 7,710,000 2,860 5,450,000 3,070 
Reexports: 
Armenia 1,880 (3) 11,000 5 
Aruba 3,320 3 2,290 4 
Australia 16,300 16 2,980 18 
Austria 4,500 (3) 301 3 
Belgium 2,410,000 1,600 956,000 2,240 
Botswana 370 2 7 (3) 
Canada 143,000 144 129,000 150 
China 28,700 18 32,900 43 
France 47,900 78 6,560 126 
Germany 5,820 2 2,230 3 
Guatemala 46,000 5 52,600 4 
Hong Kong 4,340,000 1,820 2,830,000 2,470 
India 2,730,000 1,900 3,510,000 2,940 
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TABLE 6—Continued 
U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF INDUSTRIAL 
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"Revised. — Zero. 


DIAMOND), BY COUNTRY’ 
____________________________________________----- 
2010 2011 
Quantity Value? Quantity Value? 

Country (carats) (millions) (carats) (millions) 

Israel 4,390,000 $4,110 2,000,000 $5,140 
Italy 24,900 5 7,270 3 
Јарап 98,200 32 47,200 34 
Laos 4,260 1 4,850 3 
Lebanon 7,860 5 3,040 5 
Malaysia 2,480 2 376 4 
Mexico 5,780 1 2,900 3 
Namibia 6,180 10 4,450 11 
Netherlands 458,000 304 108,000 365 
Netherlands Antilles (former) 16,100 38 4,360 16 
Saint Kitts and Nevis 424 1 333 (3) 
Singapore 65,500 24 5,080 41 
South Africa 29,300 45 8,040 76 
Spain 2,600 3 207 (3) 
Switzerland 429,000 565 83,500 604 
Taiwan 17,900 6 18,000 15 
Thailand 160,000 31 178,000 60 
United Arab Emirates 338,000 188 511,000 322 
United Kingdom 166,000 269 31,500 399 
Other 27,300 ' 10° 17,300 24 
Тога! 16,000,000 11,200 10,600,000 15,100 
Grand total 23,700,000 14,100 16,000,000 18,200 


| Бы - 
Data are rounded to no more than three significant digits; may not add to totals shown. 


^Customs value. 
*Less than № unit. 


Source: U.S. Census Bureau. 


U.S. GEOLOGICAL SURVEY MINERALS УБАВВООК—201 


TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY! 


GEMSTONES—2011 


Lebanon EE ы ыы ын 


See footnotes at end of table. 


ee OS т паши 
Quantity Value” Quantity Value? - 
Kind, range, and country of origin (carats) (millions) (carats) (millions) 
Rough or uncut, natural? 
Angola 67,000 $132 26,700 $168 
Belgium ! 114 (4) 2,640 4 
Botswana 81,500 68 84,100 159 
Brazil ~ -- 110 2 
Сапада 35,300 43 20,100 37 
Central African Republic 669 3 394 (4) 
Congo (Kinshasa) 6,650 7 6,460 8 
India 12,900 1 170,000 2 
Israel 10,000 2 1,030 2 
Lesotho 488 18 932 40 
Namibia 7,450 9 3,820 4 
Russia 37,500 8 118,000 18 
Sierra Leone 4,100 4 3,180 10 
South Africa 102,000 223 199,000 173 
Other 22,700 " 27* 68,200 3 
Total 389,000 524' 704,000 630 
Cut but unset, not more than 0.5 carat: 
Australia 5,690 3 4,110 4 
Belgium 281,000 106 277,000 102 
Botswana 8,240 13 6,890 18 
Brazil 238 (4) 4,470 1 
Canada 13,000 9 23,600 8 
China 37,500 21 34,300 31 
Dominican Republic 7,250 2 3,430 1 í 
Hong Kong 180,000 25 197,000 30 
India 7,310,000 1,560 6,990,000 1,850 
Israel 433,000 207 414,000 236 
Mauritius 5,780 15 6,220 17 
Mexico 92,300 21 76,300 21 
Namibia 3,220 7 2,060 5 
Russia 2,470 2 585 1 
South Africa 9,440 13 4,910 7 
Sri Lanka 1,020 (4) 2,980 1 
Switzerland 807 (4) 40,600 2 
Thailand 93,400 14 93,000 13 
United Arab Emirates 77,100 17 112,000 42 
United Kingdom 2,790 | 24,700 4 
Vietnam 27,100 21 30,400 29 
Other 12,400 ' 2" 11,600 3 
Тога! 8,610,000 2,060 8,360,000 2,430 
Cut but unset, more than 0.5 carat: 
Armenia 430 (4) 3,170 3 
Australia 6,600 37 4,710 41 
Belgium 706,000 2,900 733,000 3,550 
Botswana 12,500 54 11,200 63 
Brazil 424 4 294 7 
Canada 23,300 83 16,200 67 
Central African Republic 4 (4) 35 2 
China 19,300 60 35,000 102 
Costa Rica 31 1 5 (4) 
France 1,650 26 1,240 23 
Germany 662 8 3,050 13 
Hong Kong 42,200 102 48,500 107 
India 1,900,000 3,610 1,970,000 4,410 
Indonesia 44 3 41 1 
Israel 2,000,000 7,530 1,970,000 8,950 
Italy 5,260 16 3,320 11 
Јарап 595 2 1,380 2 
1,150 2 1,470 3 
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B 


Kind, range, and country of origin 


Lesotho 


Madagascar 
Mauritius 


Mexico 
Namibia 


Netherlands 
Philippines 


Russia 


Singapore 
South Africa 
Sri Lanka 
Switzerland 
Tanzania 
Thailand 
United Arab Emirates 
United Kingdom 
Vietnam 

Other 


Total 


"Revised. -- Zero. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
Customs value. 

*Includes some natural advanced diamond. 

“Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 7—Continued 
U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, WEIGHT, AND COUNTRY! 


2010 


Value? 
(millions) 


Quantity 
(carats) 


55 
3,220 
1,250 
9,620 

244 
868 
25,300 
1,710 
63,000 
1,130 
11,300 

66 

5,910 

10,100 
3,550 
3,410 
1,260 ' 


4,860,000 


$1 
18 

1 
35 


13 
42 
53 
4 
137 ' 
16,000 
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136 
2,720 
465 
16,800 
284 
145 
17,100 
245 
42,700 
3,920 
18,900 
11,200 
38,400 
3,880 
1,920 
1,750 


4,970,000 


011 


а —————————— 


Quantity 
(carats) 


Value” 
(millions) 


$28 


16 
2 
89 


19,300 


K—2011 


СЕМ$ТОМЕ$—2011 


Kind and country 


Emerald: 
Belgium 
Brazil 
Canada 
China 
Colombia 
France 
Germany 
Hong Kong 
India 
Israel 
Italy 
Switzerland 
Thailand 


United Kingdom 


Other 

Total 

Ruby: 

Belgium 
China 
France 
Germany 
Hong Kong 
India 
Israel 
Italy 
Kenya 
Sri Lanka 
Switzerland 
Thailand 


United Arab Emirates 


Other 
Total 
Sapphire: 
Belgium 
China 
France 
Germany 
Hong Kong 
India 
Israel 
Italy 
Madagascar 
South Africa 
Sri Lanka 
Switzerland 
Thailand 


United Kingdom 


Other 
Total 
Other: 


Rough, uncut, all countries 
Cut, set and unset, all countries 
“Revised. NA Not available. -- Zero. 


TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES, OTHER THAN 
DIAMOND, BY KIND AND COUNTRY! 


2010 


Quantity 
(carats) 


1,340 
120,000 

4 

13,800 
406,000 
1,480 
54,000 
246,000 
1,810,000 
172,000 
2,880 
6,290 
487,000 
1,550 
89,400 
3,410,000 


16 

19,200 
1,730 
10,900 
201,000 
2,310,000 
22,300 
4,300 
1,810 
3,800 

129 
1,880,000 
210 
168,000 
4,630,000 


2,420 
56,700 
1,160 
123,000 
536,000 
2,570,000 
19,300 
5,440 
2,940 
33,700 
309,000 
13,700 
2,630,000 
610 


11,900 ' 


6,320,000 


NA 
NA 


2011 


Value? Quantity 


(millions) (carats) 
G) 737 
$7 186,000 
G) 1,390 

| 34,100 
131 365,000 
2 152 
2 9,940 
17 118,000 
37 1,400,000 
17 138,000 
(3) 9,050 
13 71,900 
10 374,000 
2 760 
15 43,400 


254 2,760,000 


(3) 41 
(3) 730 
(3) 15 
(3) 14,000 
1 137,000 
6 2,020,000 
(3) 4,570 
(3) 9,910 
(3) 1,050 
(3) 633 
2 55,900 


22 1,640,000 
(3) -- 
11 ' 45,100 
42 3,920,000 


1 1,720 
3 163,000 
2 2,460 
4 32,200 
9 237,000 
20 2,970,000 
2 13,000 
| 93,200 
4 31,700 
1 3,680 
66 256,000 
20 91,800 
78 3,050,000 
1 1,040 
27 40,500 


214 6,980,000 


15 МА 
32 МА 


Value” 
(millions) 


$1 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


*Customs value. 
Less than И unit. 


Source: U.S. Census Bureau. 
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TABLE 9 
VALUE OF U.S. IMPORTS OF LABORATORY-CREATED 
AND IMITATION GEMSTONES, BY COUNTRY"? 


(Thousand dollars) 
уш ш шшш err ore 
Country 2010 2011 
Laboratory-created, cut but unset: 
Austria 1,950 2,340 
Belgium 1,320 882 
China 5,700 4,770 
Germany 10,100 9,970 
India 9,870 11,900 
Malaysia (3) 3,120 
Other 3,350 € 3,710 
Total 32,300 36,700 
Imitation: 
Austria 51,400 48,300 
China 13,300 19,500 
Czech Republic 5,070 5,540 
Other 1,920 ' 2,010 
Total 71,700 75,400 
"Revised. 


!Data are rounded to no more than three significant digits; may not 


add to totals shown. 
*Customs value. 
3Less than % unit. 
“Includes pearls. 


Source: U.S. Census Bureau. 


TABLE 10 


U.S. IMPORTS FOR CONSUMPTION OF GEMSTONES’ 


(Thousand carats and thousand dollars) 


ee 
EET ee T NEUE 
водев Quay Value Quantiy — Vale — 
Coral and similar materials, unworked 5,760 12,000 5,370 11,800 
Diamonds: 
Cut but unset 13,500 — 18,100,000 13,300 — 21,700,000 
Rough or uncut 389 524,000 704 630,000 
Emeralds, cut but unset 3,140 254,000 2,760 348,000 
Pearls: 
Cultured МА 15,800 МА 27,300 
Imitation NA 5,100 NA 5,930 
Natural NA 22,900 NA 18,600 
Rubies and sapphires, cut but unset 10,900 256,000 10,900 328,000 
‘Other precious and semiprecious stones: 
Rough, uncut 1,400,000 30,700 1,670,000 15,000 
Cut, set and unset NA 276,000 NA 301,000 
Other 78,100 11,300 33,600 7,240 
Laboratory-created: 
Cut but unset 6,800 32,300 6,230 36,700 
Other NA 14,600 NA 22,800 
imitation gemstone” NA 66,600 NA 69,400 
Total 1,520,000 — 19,600,000 1,740,000 — 23,500,000 
МА Not available. 
three significant digits; may not add to totals shown. 


Таја are rounded to no more than 


2Customs value. 
3Does not include pearls. 


Source: US. Census Bureau. 


—2011 
U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK 


GEMSTONES—2011 


ол =з а= шга: ee СЕС 
Country and type‘ 2007 2008 2009 2010 2011 


TABLE 11 
NATURAL DIAMOND: WORLD PRODUCTION, BY COUNTRY AND ТУРЕ! 23 


(Thousand carats) 


Gemstones: 
Angola 8,732 8,016 12,445 7,600 € 8,100 
Armenia 123 101 50 50 * 80 
Australia 231 273 220 * 100 * 86 
Botswana‘ 25,000 25,000 24,000 25,000 25,000 
Brazil 182 71° 217 25° 25 P 
Canada 17,144 14,803 10,946 11,773 — 10,795 
Central African Republic® 370 302 > 249 5 240 ' 250 
China‘ 100 100 100 100 100 
Congo (Kinshasa) 5,700 4,200 3,700 3,400 € 3,900 
Ghana 671 478 301 267 € 300 * 
Guinea 815 2,500 557 280 ' 300 * 
Guyana 269 169 ' 144 50 € 50 
Гезоћо“ 454 450 450 460 450 
Namibia 2,266 2,435 1,192 1,693 ' 1,700 * 
Russia" 23,300 21,925 > 17,791 ? 17,800 18,500 
Sierra Leone 362 223 241 306 ' 280 * 
South Africa" 6,100 5,200 2,500 3,500 2,800 
Tanzania* 239 202 155 77 51 
Venezuela" 45 45 45 45 45 
Zimbabwe" 100 100 100 900 € 1,000 
Other* 75 121 79 221' 221 
Total 92,300 86,700 ' 75,300 ' 73,900 ' 74,000 
Industrial: 
Апроја“ 970 900 1,383 5 900 ' 900 
Australia 18,960 15,397 10,700 9,900 * 7,500 * 
Botswana’ 8,000 8,000 7,000 7,000 7,000 
Brazil* 600 600 600 600 600 
Central African Republic? 93 74 > 62 ° 62' 62 
Спа“ 970 1,000 1,000 1,000 1,000 
Congo (Kinshasa) 22,600 16,700 14,600 13,400 * 15,600 
Ghana 168 120 75 67 : 67 ° 
Сишеа 200 600 139 94 ' 95 • 
Russia? 15,000 15,000 15,000 15,000 15,000 
Sierra Leone 241 149 160 131 ' 120 * 
South Africa" 9,100 7,700 3,600 5,400 4,200 
Tanzania* 44 36 27 14 9 
Venezuela* 70 70 70 70 70 
Zimbabwe* 600 700 850 7,500 8,000 
Other’ 84 145 115 285 ' 285 
Total 77,700 67,200 55,400 61,400 € 60,500 
Grand total 170,000 154,000 131,000 135,000 ° 135,000 


"Estimated. PPreliminary. "Revised. 


"World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
?Table includes data available through June 2, 2012. 
?In addition to the countries listed, Nigeria and the Republic of Korea produce natural diamond, but information is 


inadequate to formulate reliable estimates of output levels. 
“Includes near-gem and cheap-gem qualities. 


"Reported figure. 


“Includes Cameroon, Congo (Brazzaville), Gabon (unspecified), India, Indonesia, 
"Includes Congo (Brazzaville), India, Indonesia, and Liberia. 


Liberia, and Togo (unspecified). 
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GERMANIUM 
By David E. Guberman 


The table was prepared by Jesse J. Inestroza, statistical assistant. 


In 2011 in the United States, germanium-bearing concentrates 
were produced at a zinc mine in Alaska owned by Teck 
Resources Ltd. (Vancouver, British Columbia, Canada). No 
germanium was recovered from zinc concentrates or coal 
in the United States. The germanium-bearing concentrates 
were exported to Canada for processing or directly to 
customers in Asia and Europe. Two refineries in New York 
and Oklahoma produced germanium dioxide, germanium 
metal, and germanium tetrachloride from manufacturers’ scrap, 
post-consumer scrap, and processed imported germanium 
compounds. 

Domestic refinery production, estimated by the U.S. 
Geological Survey (USGS) based on data provided by North 
American producers, of germanium metal from imported 
primary material and germanium compounds was about 
9,300 kilograms (kg). In 2011, the world’s total production of 
germanium was estimated to be between 100 and 120 metric 
tons (t). This comprised germanium recovered from zinc 
concentrates, fly ash from burning coal, and recycled material. 
The recycling level remained about the same as that in 2010 and 
supplied about 30% of the world’s total supply of germanium. 
As a byproduct metal, the supply of germanium was heavily 
reliant on zinc production, which increased on a global basis in 
2011 owing to increased production in China, India, Mexico, 
and Russia. 

Germanium is a hard, brittle semimetal that first was used 
about a half century ago as a semiconductor material in radar 
units and as the material for the first transistors. Today, it is 
used principally as a polymerization catalyst for polyethylene 
terephthalate (PET), a commercially important plastic; as a 
component of glass in telecommunications fiber optics; as 
a lens or window in infrared night-vision devices; and as a 
semiconductor and substrate in electronic circuitry and solar 
cells. 


Legislation and Government Programs 


As a strategic and critical material, germanium was included 
in the National Defense Stockpile in 1984. The Defense 
Logistics Agency, DLA Strategic Materials reported that there 
were no germanium metal sales in 2011. Germanium was 
last sold in February 2009 at an average price of $1,331 per 
kilogram. As of December 31, 2011, the total inventory of 
germanium metal held by the DLA was 16,362 kg valued at 
$19.4 million. 

During fiscal year 2011 (October 1, 2010, through 
September 30, 2011), the DLA did not sell any units of 
germanium metal. The Annual Materials Plan for fiscal year 
2012 (October 1, 2011, through September 30, 2012) allocated 
of 3,000 kg germanium metal for sale (Defense Logistics 
Agency, DLA Strategic Materials, 2011). 
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As part of its attempt to evolve from manager of the strategic 
stockpile of materials that was established during the cold 
war and address more current availability concerns, the DLA 
conducted material risk assessments on 28 materials deemed to 
be in short supply. Germanium substrates were included in the 
list of materials that were studied for possible supply risks. DLA 
planned to address potential material bottlenecks or shortages 
by developing strategies and solutions with industry to avoid 
shortfalls rather than purchasing and stockpiling materials as it 
had in the past (Tunna, 2011). 


Production 


The multiple stages of the germanium production process 
yield germanium compounds and metals that are associated 
with specific applications. Germanium is initially recovered 
from the leaching of zinc residues or coal ash followed by 
precipitation of a germanium concentrate. All germanium 
concentrates are purified using similar techniques, regardless 
of the source of the concentrates. The concentrated germanium 
is chlorinated and distilled to form the first usable product, 
germanium tetrachloride, a colorless liquid that is primarily 
used as a reagent in fiber-optic cable production. Germanium 
tetrachloride can be hydrolyzed and dried to produce germanium 
dioxide, another commonly used compound. Germanium 
dioxide is a white powder and is used to manufacture certain 
types of optical lenses and as a catalyst in the production of 
PET resin. Germanium dioxide can be reduced with hydrogen 
to produce a germanium metal powder, which is subsequently 
melted and cast into first-reduction bars. The germanium bars 
are then zone-refined (a refining process that involves melting 
and cooling germanium bars to isolate and remove impurities 
and ultimately yield extremely pure germanium) to produce 
electronic-grade germanium metal. Zone-refined germanium 
metal can then be grown into crystals and sliced for use as 
semiconductors or recast into forms suitable for lenses or 
window blanks in infrared optical devices. 

In 2011, no germanium was recovered from zinc concentrates 
or coal in the United States. The USGS estimated that U.S. 
refinery production of germanium metal from imported primary 
material and germanium compounds was about 9,300 kg. 
Domestic refinery production of germanium metal recovered 
from end-of-life products, such as decommissioned military 
vehicles and thermal weapons sights, was estimated to be about 
3,000 kg in 2011. 

Teck Alaska Inc. (a wholly owned subsidiary of Teck 
Resources) produced germanium-containing zinc concentrates at 
its Red Dog zinc-lead open pit mine in Alaska. Approximately 
25% of the zinc concentrate produced at Red Dog was sent 
to Teck’s metallurgical complex in Trail, British Columbia, 
Canada. Residues from zinc concentrates were treated in 
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roasters or pressure-leach facilities and purified to produce 
germanium dioxide, germanium tetrachloride, and other 
byproduct metals. Teck reported that zinc concentrate 
production at Red Dog in 2011 was 572,000 t, 7% greater than 
that of 2010 owing to an increase in mill throughput (Teck 
Resources Ltd., 2012, p. 34). 

In 2011, Umicore Optical Materials USA Inc. (a subsidiary 
of Umicore s.a., Brussels, Belgium) continued production of 
germanium metal and compounds at its plant in Quapaw, OK, 
and remained the leading domestic producer of germanium 
and germanium-base materials. Umicore recovered and refined 
germanium from industry-generated new scrap and from 
imported germanium compounds. The Quapaw facility refined 
the material into germanium tetrachloride, germanium metal, 
and proprietary [chalcogenide glass (GASIR®)] lenses, which 
were designed for large-scale commercial and military infrared 
optical systems. In December 2011, Umicore announced 
it intended to consolidate all of its germanium-base optics 
production to its Quapaw facility because it was closer to the 
main customer base of these products. Umicore anticipated that 
optics production at its Olen, Belgium, facility would be phased 
out by yearend 2013 (Umicore s.a., 2012, p. 33-34). 

Several companies were involved in refining or processing 
imported germanium material. Germanium Corp. of America 
(a subsidiary of Indium Corp. of America, Clinton, NY) 
produced germanium products, including germanium dioxide, 
germanium metal, and germanium tetrachloride at its facility 
in Utica, NY. Sylarus Technologies, LLC (St. George, UT) 
produced germanium substrates for optical, semiconductor, 
and solar applications from germanium dioxide feedstock 
primarily imported from Canada through an agreement with 
its parent company, 5N Plus Inc. (Montreal, Quebec, Canada). 
Voltaix, LLC (Branchburg, NJ) produced germane gas from 
imported germanium dioxide for use in semiconductors and 
solar cells. In September, Voltaix executed a memorandum 
of understanding with Sparton Energy Inc. (Toronto, Ontario, 
Canada) for the purchase of all germanium production from the 
Huajun Mine in Yunnan Province, China (Voltaix, LLC, 2011). 
Exotic Electro-Optics, Inc. (Murrieta, CA), E.R. Precision 
Optical (Orlando, FL), and Lattice Materials, LLC (Bozeman, 
MT) produced germanium blanks and lenses for use in infrared 


dii N.V. (Balen, Belgium), а leading global zinc and 
lead producer, owned and operated the Middle Tennessee zinc 
mining complex near Gordonsville, TN. The complex consisted 
of zinc mines in Cumberland, Elmwood, and Gordonsville, TN, 
duced zinc concentrates containing 


i d historically pro | 
ые т and gallium. Nyrstar also owned the Clarksville, 
а which was originally built to treat concentrates 


i essee zinc mining complex, and the mine 
bin D ко. to be an important source of concentrate 
c Clarksville zinc smelter. Nyrstar began ramping up 
ptu n at the mines in 2010 and by yearend 2011, all three 
Des МШЕ Tennessee mines had been completely dewatered 
adis ed to commercial production. The mines were 
E jj a potential source of germanium but Nyrstar had 
ссе details of plans to recover germanium from zinc 
no 


residues by yearend 2011 (Nyrstar N.V., 2012, р. 14). 
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‚ refractive index. Germanium is easily machinable, relatively 


Consumption 


The USGS estimated that domestic apparent consumption 
of germanium decreased to about 36,000 kg in 2011 from 
40,000 kg in 2010 owing partially to decreased demand for 
germanium for use in infrared-optics, a segment that is heavily 
reliant on Government spending. Worldwide, the end-use 
pattern of germanium was estimated to be as follows: infrared 
optics, 30%; fiber optics, 20%; catalysts for PET, 20%; 
electronics and solar applications, 15%; and other uses (such as 
phosphors, metallurgy, and chemotherapy), 15%. The domestic 
end-use pattern, however, was different, with infrared optics 
accounting for 50%; fiber optics, 30%; electronics and solar 
applications, 15%; and other uses (phosphors, metallurgy, and 
chemotherapy), 5%. Germanium was not used in PET catalysts 
in the United States. 

Infrared Systems.—Germanium was used in the manufacture 
of lenses and windows for infrared optical systems owing to 
its transparency to part of the infrared spectrum and to its high 


strong, resistant to atmospheric oxidation, and able to withstand 
exposure to chemicals and moisture. The lenses and windows 
manufactured from germanium are often incorporated into 
thermal imaging systems that detect infrared radiation and 
convert it into an electronic signal, which is then processed 
and displayed on a video screen. Thermal imaging systems аге 
different from other types of “low light” vision systems in that 
they are not adversely affected by the presence of light, so they 
can be used day or night. It was estimated that about 60% of 
lower- and midrange infrared-optical systems and 50% of all 
high-end devices used lenses made from germanium crystals 
(Maozhong, 2010, p. 10). 

According to the most recent data available, the 2009 
sales value of the global infrared thermal imaging market 
was estimated to be about $6.6 billion. Military and other 
Government applications represented 88% of this market, 
with commercial applications accounting for the remaining 
12%. All branches of the military continued to rely heavily 
on infrared devices for around-the-clock force protection and 
intelligence, surveillance, and reconnaissance (ISR) as well as 
target acquisition applications on multiple platforms. Products 
used by the military typically range in price from under 
$10,000 for handheld and weapon-mounted systems to more 
than $1 million for advanced stabilized targeting systems. The 
majority of infrared imaging systems use cooled technology (0 
identify objects from long distances; however, the number of 
uncooled thermal imaging systems was increasing rapidly in 
certain markets such as weapon sights, handheld monoculars/ 
binoculars, military vehicles, and unmanned aerial vehicles. 
These devices are substantially smaller and more lightweight 
than their cooled counterparts because they operate at y 
temperatures while retaining their sensitivity to infrared г . 
Air-, land-, and sea-based vehicles were routinely E Е 
with multiple infrared systems that allowed soldiers to dq 
a variety of combat-related functions in even the most à 
battlefield conditions. A typical ground transport vehicle 
might be outfitted with separate infrared imaging eia 
for driver and observer's vision enhancers, weapons $181, 
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and roof-mounted imaging systems that perform long-range 
scans in search of improvised explosive devices. A leading 
domestic producer of infrared devices for military use reported 
a reduction in procurement activity by the U.S. Government in 
2011 compared with that in 2010 (FLIR Systems, Inc., 2012, 
p. 31). 

Many thermal imaging manufacturers have made efforts to 
enter the commercial market to pursue growth opportunities that 
are expected in the near future. As the cost of infrared imaging 
technology has declined, demand has increased in markets 
such as airborne law enforcement, automotive night-vision, 
commercial security, firefighting, and recreational marine 
applications. Handheld thermal imaging systems that can 
detect and measure small temperature differences were used 
for a variety of commercial and industrial applications, such 
as predictive and preventive maintenance. A leading thermal 
imaging device manufacturer reported that its revenue from 
commercial vision systems increased at a compound annual rate 
of 16% from 2006 to 2011 (FLIR Systems, Inc., 2012, p. 1). 

Fiber Optics.—In the fiber-optics sector, germanium 
tetrachloride is converted to germanium dioxide and used as а 
dopant (a substance added in small amounts to the pure silica 
glass core to increase its refractive index, preventing signal 
loss while not absorbing light) within the core of optical fibers. 
In 2011, an estimated $300 billion of capital expenditure 
was dedicated globally to construction and improvements of 
telecommunication infrastructure. Growth areas that utilize 
fiber optics to meet increasing demand for more bandwidth 
included enterprise data-storage applications, fiber-to-the-home 
(FTTH) installations, and wireless communications networks. 
Increases in demand for fiber-optic cable in North America have 
been slower since 2008, a reflection of an overall reduction 


in business activity owing to the global financial slowdown. 


In September 2011, the Fiber-to-the-Home Council estimated 
that about 22 million homes in North America had FTTH 
connectivity available compared with 17.2 million in September 
2010. Corning Inc. indicated that global net sales for its 
telecommunications segment (inclusive of fiber-optic products 
for FTTH and enterprise networking applications) in 2011 were 
greater than those in 2010 (Fiber-to-the-Home Council, 2011; 
Corning Inc., 2012, p. 33). 

Solar Cells.—Germanium-based solar cells are used in 
space-based applications and terrestrial installations. Demand ` 
for satellites has increased steadily from 2007 to 2011 
owing to demand for commercial, military, and scientific 
applications. It was estimated that about 400,000 germanium 
substrates were consumed each year for space-based 
applications, and the majority of all satellites were powered 
by germanium-based solar cells. Germanium substrates were 
smaller in size and weight, more efficient at converting light 
Into energy, and provided greater power output than the most 
common alternative substrate, silicon. Germanium substrates 
constitute the building blocks of multilayer (often referred to 
as multijunction) solar cells. Ultrathin layer combinations of 
materials, such as gallium, indium, phosphide, and gallium 
arsenide, are "grown" on top of the germanium substrate, each 
capturing a specific part of the solar spectrum and converting it 
into electricity. The solar energy conversion efficiency of these 
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multijunction cells was typically greater than 25%. Currently, 
triple-junction cells are most common, but technological 
advancements have allowed for multijunction cells to combine 
more layers and junctions onto one cell, increasing performance 
capabilities. Spectrolab Inc. (a subsidiary of The Boeing Co.), 
in Sylmar, CA, began adapting space-based solar technology 
for terrestrial applications in 2001 and has been able to convert 
concentrated sunlight to electricity at efficiencies as great as 
41.6% (Spectrolab Inc., 2010; Umicore s.a., 2010a, p. 52). 

Several other manufacturers of germanium substrates, 
multijunction solar cells, and solar systems have focused capital 
investment and research efforts on the emerging terrestrial 
solar market. While there is fairly widespread agreement that 
global demand for solar power generation and other sources 
of renewable energy will continue to increase during the next 
several decades, multiple solar cell technologies are expected 
to compete for a portion of the solar power market. The 
multijunction solar cells that use germanium substrates and 
germanium layers are typically more expensive to manufacture 
than other technologies, such as cadmium telluride, crystalline 
silicon, or copper-indium-gallium diselenide thin-film cells, 
but are considerably more efficient at converting solar 
energy into electricity so fewer cells are required in a panel 
to produce equivalent amounts of power. To obtain the most 
energy possible from each multijunction cell in a solar panel, 
concentrator photovoltaic (CPV) technology is used. A 
concentrator system uses optics (mirrors or lenses) to focus 
high concentrations of direct sunlight onto the solar cells. 
The lenses or mirrors concentrate sunlight hundreds of times 
before it reaches the solar cell, making each cell more efficient. 
Concentrating panels must receive direct sunlight to operate so 
CPV installations are limited to geographic regions that receive 
proper levels of sunlight. CPV systems typically require tracking 
systems that allow the solar panels to follow the Sun’s path 
during the day. CPV systems are marketed to the large-scale 
power generation industry and are not considered a feasible 
solar power option for private homeowners. | 

As of 2011, CPV installations in China, Europe, and North 
America had capacity of about 28 megawatts (MW). New CPV 
projects that could increase capacity to as much as 689 MW 
were under development in the United States and several other 
countries. It was estimated that, in current CPV installations, 
1 MW of solar power generation capacity required about 10 
kg of germanium contained in 1,500 substrates. Multijunction 
solar cells have continued to become a viable option for use 
in large-scale concentrated solar power projects because 
their energy conversion efficiencies have been increasing at 
а гаје of about 1% per year during the past decade. The U.S. 
Government has also been actively involved in advancing 
solar energy technologies, including CPV systems. The U.S. 
Department of Energy (DOE) Solar Energy Technologies 
Program (SETP) was aggressively funding a diverse set of 
photovoltaic (PV) technologies that had potential applications 
in a range of different markets. Through its primary research 
and development efforts, the PV subprogram’s goal was for PV 
technology to achieve grid parity (the point at which the cost 
of generating electricity using alternative technologies such as 
solar power is at least equal to the cost of generating electricity 
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from conventional sources such as burning coal) by 2015. The 
DOE’s goals included increasing the use of CSP in the United 
States, making CSP competitive in the intermediate power 
market by 2015, and developing advanced technologies that 
would reduce systems and storage costs, enabling CSP to be 
competitive in the baseload power market by 2020. Separately, 
Emcore Corp. (Albuquerque, NM) was collaborating with the 
National Renewable Energy Laboratory and the U.S. Air Force 
Research Laboratory to develop new advanced multijunction 
solar cells that could achieve greater conversion efficiencies 
than existing multijunction cells. These new inverted 
metamorphic multijunction cells were built using a different 
manufacturing process where the layers of the semiconductor 
were grown “upside down” on the germanium substrate so that 
the top layer of the cell is grown on the bottom of the stack, 
closest to the substrate. When completed, the cell is removed 
from the germanium substrate and encapsulated. The process 
allows for higher quality development of the most important 
layer of the solar cell, the top layer, and had the potential to 
achieve energy conversion efficiencies of 50% in the future. In 
2011, a pair of prototype metamorphic multijunction solar cells 
that had achieved energy conversion efficiencies greater than 
36% were launched into space during the final space shuttle 
mission for performance evaluation (Umicore s.a, 2010b, p. 5, 9; 
Cameron, 2011; Emcore Corp., 2011а, р. 16-17, b; U.S. 
Department of Energy, 2011). 
Electronic Components.—Germanium substrate consumption 
for production of high-brightness LEDs used in such devices 
as automobile taillights, cameras, flashlights, mobile telephone 
display screens, televisions, and traffic signals decreased 
slightly in 2011 compared with that in 2010. This was partially 
attributed to LED manufacturers drawing down existing stocks. 
In electronics, silicon germanium (SiGe) components have 
replaced gallium arsenide in some high-tech products, such 
as components for cellular telephones. In high-speed wireless 
telecommunications devices, SiGe transistors can attain greater 
switching speeds and require less power than traditional, 
silicon-based components, increasing overall performance. 
Phase change memory modules made from an alloy of 
antimony, germanium, and titanium could potentially boost 
battery life in mobile devices by as much as 20% compared 
with the current flash memory technology used in those devices. 
SiGe-based microchips were also used in radar systems for — 
automobiles to increase driving safety. Known as radar-on-chip- 
for-cars technology, these devices are capable of alerting drivers 
to impediments that are in the path of the vehicle in order to 
prevent potential accidents (PC Magazine, 2010). 
Polymerization Catalysts. —Outside the United States, 
estimates indicated that after declining annually since 2007, 
anium dioxide use as а catalyst for PET production 
БЕ : tinued to be the leading consumer 
increased in 2011. Japan contir | | 
: m for this application. Consumption of germanium 
f germanium : | ; 
pid d in PET was estimated to have increased in 2011 
е i " that in 2010 partially owing to increased demand 
Lips sisti ben in Japan after the earthquake and tsunami 
к. (Metal-Pages, 20115; Roskill’s Letters from Japan, 


2012). 
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Prices 


The market prices of germanium dioxide and metal were 
relatively stable during the first three quarters of 2010 and then 
started to increase during the last quarter. This trend continued 
into the first half of 2011. Free market prices for germanium 
dioxide in 2011, published by Metal-Pages, began the year 
at about $720 per kilogram and more than doubled to $1,450 
per kilogram by June. The price increase was attributed to 
the combination of an export tax, plant closings, and possible 
stockpiling in China. By yearend, the germanium dioxide price 
had declined to $1,250 per kilogram. The free market prices 
for germanium metal began the year at $1,200 per kilogram, 
increased to $1,650 per kilogram during the second quarter of 
2011 and ended the year at $1,450 per kilogram. At yearend, the 
price of the contained germanium in the oxide was greater than 
the price of germanium in metal form. 

Based on DLA Strategic Materials reports, the unit price of 
zone-refined germanium metal in inventory that was authorized 
for disposal as of December 2011 was $1,185 per kilogram. 


Foreign Trade 


According to the U.S. Census Bureau, imports for 
consumption of germanium metal (wrought, unwrought, and 
powder) increased by 5% to 28,300 kg in 2011 from 27,000 kg 
in 2010. Increased imports from Belgium outweighed decreases 
from China, Germany, and Russia. In 2011, China, Belgium, 
and Russia, in descending order of quantity, accounted for 94% 
of germanium metal imported into the United States (table 1). 
The estimated germanium content of the germanium dioxide 
imported in 2011 was about 10,000 kg compared with 17,700 kg 
in 2010. Canada accounted for the majority of germanium 
dioxide imports in 2011. 

Domestic exports of germanium metal and articles thereof, 
including waste and scrap, were about 5,900 kg in 2011, based 
on an analysis of trade data from the U.S. Census Bureau. 
Belgium, Canada, and Russia accounted for the majority of 
germanium exported from the United States in 2011. The 
estimated germanium content of germanium dioxide exported 
from the United States in 2011 was less than 100 kg. 


World Review 


In 2011, the world’s total production of germanium was 
estimated to be between 100 and 120 t. This comprised 
germanium recovered from zinc concentrates, fly ash from 
burning coal, and recycled material. The recycling level 
remained about the same as that in 2010 and supplied about 
30% of the world’s total supply of germanium. Owing to the 
value of refined germanium, new scrap generated during the " 
manufacture of fiber-optic cables, infrared Optics, and pues 
is typically reclaimed and fed back into the production es | 
Recycling of germanium recovered from used materials, 5 
as fiber-optic window blanks in decommissioned и; 
vehicles or fiber-optic cables, has increased during the ~ 
decade. Worldwide, primary germanium was recovered mad 
zinc residues in Canada (concentrates shipped from the 
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States), coal and zinc residues in China (multiple sources), zinc 
residues in Finland [concentrates from Congo (Kinshasa)], 

and coal in Russia (Sakhalin). The vast majority of germanium 
production was concentrated in Canada and China. 

As a byproduct metal, the supply of germanium was heavily 
reliant on zinc production, which increased on a global basis in 
2011 owing to increased production in China, India, Mexico, 
and Russia. While clearly an important factor, an increase in 
zinc mine production cannot necessarily be an absolute indicator 
of a corresponding change in the supply of germanium. It has 
been estimated that less than 5% of the germanium contained 


in Zinc concentrates reaches refineries that are capable of 


extracting and producing germanium (Mikolajczak, 2011). 

Market conditions for germanium dioxide were relatively 
tight during the first three quarters of 2011 owing to 
developments in China. Demand decreased for both germanium 
dioxide and metal during the last quarter of the year, and 
prices decreased during that time period. Reports indicated 
that producer stocks increased, production rates slowed, and 
consumers of germanium decreased buying activity. 

Belgium.—Umicore produced germanium metal, germanium 
tetrachloride for fiber optics, germanium substrates, and 
germanium optical products at its refining and recycling plant 
in Olen. The company also operated an electro-optic materials 
research and design facility in Olen. Umicore’s substrate 
manufacturing facility had the capacity to produce about 
600,000 germanium substrates per year. The company reported 
that sales volumes of germanium substrates increased in 2011 
from that of 2010 owing to greater consumption for use in the 
concentrator photovoltaic sector. Sales volumes of substrates 
used in light-emitting diodes (LED) decreased slightly in 2011 
owing to overstocking in the lighting sector. Consumption 
of germanium blanks for optics applications decreased 
Significantly as a result of a reduction in government-sponsored 
programs. Conversely, sales volumes of finished infrared optics 
Were greater in 2011 than in 2010 owing to increased usage 
in thermographic and nonautomotive night vision systems 
(Umicore s.a. 2012, p. 33—34). 

Canada.—The metallurgical complex operated by Teck in 
Trail consisted of six major metallurgical plants, one fertilizer 
plant, and two specialty metal plants that produced byproduct 
metals, including germanium and indium. Historically, Teck 
has been one of the leading germanium producers in the world. 
Teck did not disclose germanium production information to 
the public for 2011. The last year that the company had made 


. Bermanium production information available was 2007, when 


Teck produced about 40,000 kg of germanium dioxide at Trail. 

Based on trade data published by the Canadian Government, 

Canada exported about 25,200 kg of germanium contained in 

germanium dioxide in 2011 compared with about 29,400 kg in 

2010. The leading destinations of exported germanium dioxide 

Were Japan, 45%; the Republic of Korea, 2296; the United 

States, 1794; and North Korea, 15% (Statistics Canada, 2012). 
In 2011, 5N Plus continued to integrate its operations 

and announced that it had converted a $3 million debenture 

Provided to Sylarus in 2010 into a 66.67% majority interest 

In the company. 5N Plus also opened a production facility 

in Trail, British Columbia. The new plant had capacity for 
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semiconductor processing, purification, and recycling of several 
metals including germanium (American Metal Market, 2010; 
SN Plus Inc., 2011). 

China.—China continued to be the leading global producer 
of germanium metal and germanium compounds. Germanium- 
bearing coal ash and zinc ore were the sources for the Chinese 
germanium production. In 2011, five to six producers accounted 
for the majority of the estimated 80 to 100 t of germanium metal 
and germanium compounds produced in China. About 44% of 
this production was in the form of germanium metal, 42% was 
germanium dioxide (metal content), and 14% was in the form of 
other compounds. China consumed about 35 t of the germanium 
that it produced and exported the rest. 

During the first 6 months of 2011, free market prices of 
germanium dioxide increased to $1,450 per kilogram from 
$720 per kilogram at yearend 2010. During the same period, 
free market prices of germanium metal increased to $1,650 per 
kilogram from $1,200 per kilogram. Factors that contributed 
to the germanium dioxide price increase included a 2010 
export tax on germanium dioxide produced in China that 
tightened global supply, coupled with the shutdown of a 
Chinese germanium dioxide plant owing to environmental 
concerns in early 2011. The Chinese Government attempted 
to limit exports of raw materials and encourage the export 
of more processed products, such as germanium ingots and 
optical lenses, through export tax rebates on those products. 

In response to the increased germanium dioxide prices, some 
domestic germanium consumers found it more economical to 
purchase germanium in pure metal form instead of as Oxide. 
An early 2011 announcement indicating that China intended 
to include germanium in a Strategic stockpile of rare metals, 
potentially tightening supply, also contributed to price increases, 
The market for germanium metal and germanium dioxide 
slowed substantially during the last half of 201 1, and producer 
stocks began to swell. At yearend, it was announced that the 
5% export tax on germanium dioxide would be unchanged in 
2012. Chinese germanium producers continued to emphasize 
development of downstream products that could be more 
profitable to sell than raw materials. In August, Yunnan Chihong 
Zinc and Germanium Co., Ltd. established a joint venture with 
North Night Vision Technology Co., Ltd., an infrared optics 
manufacturer, to build four new infrared optic plants from 2011 
to 2016. In November, Lincang Xinyuan Germanium Co. Ltd. 
announced two new projects, a plant to make optical lenses and 
another to produce high-efficiency substrates for use in satellites 
and electronics (Burton, 2011; Metal-Pages, 201 1a: Yang, 
2011a~c; 2012). 

Japan.—Japanese consumption of germanium was met 
entirely by imports. In 2011, Japan imported 25,100 kg 
of germanium dioxide, a 4694 increase from that in 2010. 
The increase in imports was partially attributed to greater 
consumption of PET for bottles after the earthquake, tsunami 
and ensuing events that caused massive damage in March ` 
2011. The natural disaster and subsequent damage to a nuclear 
reactor caused many people to stock up on extra bottles of 
water and other drinks out of fear of radiation exposure. 
Germanium dioxide prices increased substantially after the 
tsunami as producers anticipated a surge in demand from 


Japan. The increase in imports could also have been a sign that 
PET producers were overstocked in 2010 and had returned to 
importing a more normal level of germanium dioxide in 2011. 
In 2011, Japan imported 5,380 kg of germanium metal, powder, 
and scrap, a 34 % decrease from that in 2010. Consumption 

of germanium tetrachloride for use by the fiber-optic industry 
decreased slightly in 2011 from that in 2010 owing to 
production disruptions after the earthquake. (Metal-Pages, 
2011b; Roskill’s Letters from Japan, 2011; 2012a, b). 

United Kingdom.—The British Geological Survey published 

a 2011 supply risk index for 52 mineral commodities. Rankings 
of the mineral commodities were determined by a number 

of factors including abundance, location of production and 
reserves, and political stability in production locations. The 
mineral commodities that were deemed to have the highest risk 
levels had restricted supply bases that were in countries with 
relatively low political stability. China was the leading producer 
of 28 out of the 52 metals that appeared on the list. Germanium 
was relatively high on the supply risk index, ranking 15 out of 
the 52 mineral commodities (Metal Bulletin, 2012). 


Outlook 


Global germanium consumption is likely to increase, possibly 
slightly, during the next several years owing to the growth that is 
expected in the major end-use sectors. Germanium-based optical 
blanks and windows that are incorporated in infrared devices 
were expected to continue to be heavily used by military and 
law enforcement agencies. New applications for these products 
in commercial and industrial markets also were expected to 
become more prevalent and represented a large potential growth 
area. In China, germanium producers will emphasize integrated 
operations and will manufacture finished infrared products for 
export. 

Global demand for fiber-optic cable, led by the emerging 
Asian economies and Brazil, was forecast to increase at a 
compound annual growth rate of 5% through 2015. Global 
for the increased use of solar energy during the next 
d to increase demand for germanium 
substrates that are used to manufacture high-efficiency 
multijunction solar cells. New satellites launched for defense 
and private industry uses were expected to continue to fuel 
consumption of germanium substrates in solar cells. As energy 
conversion efficiencies continue to improve, terrestrial-based 
solar cell systems will be a more feasible option for large-scale 
power generation. Owing to the massive size of the installations, 
growth in the terrestrial-based solar cell market could | 
significantly boost annual germanium substrate consumption. 
Germanium substrate use in high-brightness LEDs was expected 
to continue to increase substantially through 20 14. As ап 
alternative to gallium arsenide in LEDs, germanium substrates 
are less expensive, stronger, and do not contain toxic substances 

ikolaj 2011). 
— sis a used in thermophotovoltaic (TPV) 
cells that convert heat radiation (instead of sunlight) generated 
from sources such as furnaces or water boilers into electricity 

ld be a future growth area. Most TPV cells were used almost 
e ively for military applications, but this technology could 
EN ntial settings. In an industrial 


be applied in industrial or reside 


support 
several years is expecte 
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setting, for example, TPV cells could generate electricity from 
the heat created during the production of materials such as glass 


or steel. 

On the supply side, the zinc mines in Tennessee are a 
potential new domestic source of germanium. Several 
germanium recovery projects in China that were in late stages 
of development or early production also could bring more 
germanium to the market if demand continues to increase. In 
addition to primary germanium production, the availability of 
recycled germanium recovered from end-of-life products, such 
as fiber optics, military vehicles, and solar cells, was expected 
to increase during the next two decades as these aging products 
are taken out of service. Overall, the germanium market is 
expected to remain tight during the next several years owing to 
the emerging end uses and limited sources of supply. 
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TABLE 1 
U.S. IMPORTS FOR CONSUMPTION OF GERMANIUM METAL, BY COUNTRY"? 


2010 2011 


Gross weight Gross weight 
Country (kilograms) Value (kilograms) Value 
Belgium 1,560 — $2,700,000 5,300 — $7,900,000 
Canada 70 15,500 215 235,000 
China 18,100 14,500,000 17,400 — 24,600,000 
France 70 70,300 - = 
Сеппапу 2,320 3,310,000 776 1,120,000 
Киѕѕіа 4,620 5,050,000 " 4,040 5,140,000 
Taiwan 60 58,800 500 301,000 
Other 252° 185,000 ' 83 30,400 


8 30400 
Total 27,000 25,900,000 28,300 39,400,000 
"Revised. — Zero. 


"Data are rounded to no more than three significant digits; may not add to totals shown. 
?Data include wrought, unwrought, and powder, but exclude germanium dioxide. 


Source: U.S. Census Bureau. 
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GOLD 


By Micheal W. George 


Domestic survey data and tables were prepared by Wanda G. Wooten, statistical assistant, and the world production table 


was prepared by Lisa D. Miller, international data coordinator, 


In 2011, domestic mine production of gold increased to 
234,000 kilograms (kg), slightly more than that in 2009 
(tables 1-2). Although production increased for the second 
consecutive year, production was 36% less than the record 
high of 366,000 kg in 1998. In 2011, the value of domestic 
production increased to a record high of $11.8 billion, 30% 
more than that in 2010, mainly because of a 28% increase in 
the average price of gold, and 247% more than the value in 
1998 because of a 433% increase in the average price of gold 
since 1998. It was the 10th straight year that the value of gold 
production had increased. Gold recovery from Barrick Gold 
Corp.’s (Toronto, Ontario, Canada) Gold Strike Mine in Nevada 
and Rio Tinto plc's (London, United Kingdom) Bingham 
Canyon Mine in Utah decreased owing to the processing of 
lower grade ores which became profitable with higher gold 
prices. In 2011, production began at the Nixon Fork Mine in 
Alaska, and the Golden Sunlight Mine restarted production in 
Montana. Mines in Nevada and Alaska accounted for about 74% 
and 11%, respectively, of domestic gold production in 2011. 
The remaining production came from mines in Utah, Colorado, 
California, Washington, South Dakota, Montana, Arizona, and 
New Mexico, in descending order of production. Gold was 
produced at lode mines in Alaska, California, Colorado, Nevada, 
South Dakota, Utah, and Washington, at two large placer mines 
in Alaska, and numerous small placer mines, mostly in Alaska 
and the Western States. In addition, domestic gold was produced 
as a byproduct of processing base metals, primarily copper. The 
30 leading operations yielded 9994 of domestic gold produced 
(table 3). 

In 2011, the domestic nonfuel mineral exploration budget 
increased to $1.4 billion, a 6596 increase compared with that 
in 2010. Much of the increase was from exploration for copper 
and gold in Alaska and gold in Nevada. The major reasons for 
Increased exploration were the improved economy and higher 
commodity prices. Globally, gold was the primary mineral 
exploration target and accounted for more than 50% of the 2011 
worldwide nonferrous exploration budget of $16.3 billion. In 
2011, the gold global exploration budget was $8.3 billion, which 
Was 52% more than that in 2010. Gold exploration in Canada, 
Australia, and the United States, in descending order, accounted 
for more than 40% of the global gold exploration budget 
(Lowrey, 2011; Wilburn, 2012, р. 58—60). 

Commercial-grade refined gold was produced by about two 
dozen domestic companies. Of several thousand companies 
and artisans, a few dozen companies dominated the fabrication 
of gold into commercial products. U.S. jewelry manufacturing 
was heavily concentrated in the New York, NY, and Providence, 
RI, areas, with other manufacturers in California, Florida, and 
Texas. In 2011, the estimated percentages for end use of gold 
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were jewelry and arts, 66%; dental and medical, 12%; electrical 
and electronics, 5%; and other, 17%. 

In 2011, the top 15 gold mining companies produced about 
44% of world gold production. The top five producers (in 
descending order) were Barrick, Newmont Mining Corp. 
(Denver, CO), AngloGold Ashanti Ltd. (J ohannesburg, South 
Africa), Gold Fields Ltd. (Johannesburg), and Goldcorp Inc. 
(Vancouver, British Columbia, Canada), which accounted for 
more than 25% of world gold production (Klapwijk and others, 
2012, p. 51). 

Total world mine production of gold in 2011 was 4% higher 
than that of 2010. Estimated mine production in China increased 
by 5%, and China continued to be the world’s leading gold 
producer. Annual output in South Africa decreased for the 
11th year in a row because of higher costs, lower grade ore, 
and labor issues. The leading producers among more than 100 
gold-mining nations were, in descending order, China, Australia, 
the United States, Russia, and South Africa (table 8). 

Ап estimated 171,300 metric tons (t) of gold was mined 
historically through 2011, with 29,500 t held by central banks as 
official stocks, 33,000 t held privately as investment, 84,300 t 
held privately as jewelry, 20,800 t in other fabricated products, 
and the remaining 3,600 t unaccounted (Klapwijk and others, 
2012, p. 59). 


Production 


Domestic lode mine production data for gold were compiled 
by the U.S. Geological Survey from two separate voluntary 
surveys of U.S. mining operations—one for monthly production 
of copper, gold, lead, silver, and zinc from lode mines and 
the other for lode mine production data surveyed annually. 
Individual company production and performance data listed in 
table 3 and cited elsewhere in this report were obtained from 
published sources, such as company annual reports. 

Alaska.—1n 2011, Alaska produced 25,800 kilograms (kg) 
of gold valued at $1.31 billion in 2011, which was 896 less by 
weight and 1796 more by value than that produced in 2010. 
Alaskan exploration expenditures increased to $365 million 
in 2011, up 38% from 2010 expenditures of $264 million. 

This marked the seventh consecutive year that exploration 
expenditures exceded $100 million. In 2011, 42 projects 
spent more than $1 million, and an additional 39 projects 
spent $100,000 or more on exploration. Porphyry copper-gold 
deposits accounted for 33.4% of the exploration expenditures, 
and other intrusion-related deposits accounted for 39.794 
(Szumigala, 2012, p. 3—5). 

The Pogo Mine, 145 kilometers (km) southeast of Fairbanks, 
a joint venture between Sumitomo Metal Mining Co., Ltd. 
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(Tokyo, Japan) (85%) and Sumitomo Со. (Tokyo) (15%), 
produced about 10,100 kg of gold during 2011, which was a 
15% decrease compared with that of 2010 owing to mining of 
lower grade ore. Sumitomo Metal announced that a new deposit, 
the East Deep deposit, has been identified 300 meters northeast 
of the producing Liese deposit. The East Deep deposit contains 
an estimated 40 t of gold. The total resource for the Pogo Gold 
Mine was estimated to be 12.3 million metric tons (Mt) having 
an average grade of 12.5 grams per metric ton (g/t) gold and 
containing 155 t of gold (Sumitomo Metal Mining Co., Ltd., 
2012). 

Kinross Gold Corp.’s (Toronto) underground Fort Knox Mine, 
near Fairbanks, produced 9,010 kg of gold in 2011, 17% less 
than production in 2010. The decrease resulted from a planned 
shift from processing mined ore to lower grade stockpile ore. 
Yearend 2011 gold reserves at Fort Knox were estimated to 
be about 134,000 kg (Kinross Gold Corp., 2012, p. F19—F20, 
F138). 

Hecla Mining Co. (Coeur d’Alene, ID) owned the 
polymetallic Greens Creek Mine on Admiralty Island near 
Juneau. Ore from the underground mine was milled at the mine 
site to produce gold and silver dore, and lead, zinc, and bulk 
concentrates. In 2011, gold production was 1,780 kg, 17% less 
than in 2010, owing to a slowdown in mining attributed to 
reduced availability of low cost power (Hecla Mining Co., 2012, 
p. 25, 40). 

In 2011, during its first full year of mining, Coeur d’Alene 
Mines Corp.’s (Coeur d’Alene) Kensington Mine produced 
2,750 kg of gold. The underground gold mine, 72 km north- 
northwest of Juneau, had proven and probable reserves of 40.4 t 
of gold (Coeur d’Alene Mines Corp., 2012, p. 10). Beginning in 
November 2011, the company planned to reduce ore production 
at the mine by 50% for 6 months to allow for new construction 
and improvements that were expected to increase efficiency. 
The activities were to include constructing an underground 
paste backfill plant, definition and exploration drilling, and 
completing several surface facilities (Coeur d’Alene Mines 
Corp., 2011). 

Fire River Gold Corp.’s (Vancouver) Nixon Fork Mine, 56 km 
northeast of McGrath, restarted ore production in May, and the 
mill was restarted in July. The mine originally started production 
in 2007 but was placed on care-and-maintenance status 1n 
October 2008 because of dramatically lower grade ore than | 
In 2011, the mine produced gold in the precommercial 
and full commercial production was expected 
by May 2012. The estimated indicated resources for the mine, 
including old tailings piles, at 10 g/t gold cutoff, were 221,000 t 
of ore grading 17.8 g/t gold and containing 3,940 kg of gold 
(Fire River Gold Corp., 2011, р. 3-4, 14-15). | 

The Pebble Limited Partnership board of directors approved 
$91 million in expenditures for the Pebble copper-gold- 
molybdenum project in southwest Alaska in 2011 in order 

lete a prefeasibility study in 2012 and then initiate 
inet. the National Environmental Policy Act. Anglo 
permitting under 116 hern Dynasty Minerals Ltd 
American plc (London) and Northern Dyn - 


ancouver) were 50—50 partners in the Pebble project, which 


- „cluded the high-grade underground Pebble East deposit and 
10 


the open pit Pebble West deposit. The project has a potential 


expected. 
startup phase, 
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to produce 24 Mt of copper, 1,560 t of gold, and 1,270 t of 
molybdenum during 78 years, while only developing 55% of the 
known mineral resources. Production was expected by yearend 
2016 (Northern Dynasty Minerals Ltd., 2011). 

NovaGold Resources Inc. (Vancouver) entered into an 
agreement to sell its alluvial gold properties comprising 
4,650 hectares (11,500 acres) of fee-simple patented mining 
claims near Nome, AK. According to the agreement, Nome 
Gold Alaska Corp. (Nome) would pay $21 million in three 
installments and provide a $4 million letter of credit for an 
environmental reclamation bond. NovaGold was also soliciting 
buyers for the balance of its properties near Nome, including 
in-town real estate, sand and gravel holdings, and Big Hurrah 
and Rock Creek gold properties. The company was selling 
properties to focus on advancing the Donlin Creek, Alaska, 
and Galore Creek, British Columbia, Canada, projects toward 
production (NovaGold Resources Inc., 2011b). 

A second feasibility study on Barrick and NovaGold's 
joint-venture Donlin gold project in southwestern Alaska was 
released. The $6.7 billion project estimate, which was lower 
than the original $7 billion estimate, included $834 million for a 
500-km natural gas pipeline and $984 million in contingencies. 
The proposed open pit operations would have a 27-year mine 
life and would produce an average of 34,200 kilograms per year 
(kg/yr) of gold at a projected average cash cost of $585 per troy 
ounce of gold (NovaGold Resources Inc., 20114). 

International Tower Hill Mines Ltd. (Vancouver) announced 
the results of an updated preliminary economic assessment for 
its Livengood gold project near Fairbanks. The new assessment 
estimated that the project could generate $3.1 billion in pretax 
cash flows and a $1.2 billion net present value, at a 596 discount 
rate and a gold price of $1,100 per troy ounce. The average costs 
of production were projected to be $557 per troy ounce of gold 
for the first 5 years and $703 per troy ounce during the 23-year 
mine life. The mine was projected to produce 20,700 kg/yr of 
gold for the first 5 years and 17,500 kg/yr during the life of the 
mine. In addition, an upgraded resource estimate (measured and 
indicated) expanded the surface mine mineralization to 
513,000 kg of contained gold. A prefeasibility study was 
scheduled to be published in the third quarter of 2012 
(International Tower Hill Mines Ltd., 2011). 

Freegold Ventures Ltd. (Vancouver) released an updated 
mineral resource estimate for the Vinasale project in 
southwestern Alaska. At a cutoff grade of 0.5 g/t gold, the 
inferred resource was 49.3 Mt averaging 1.09 g/t gold and 
containing 54 t of gold (Freegold Ventures Ltd., 2012). The 
company also released updated resource estimates on the 
Golden Summit project near Fairbanks. The Dolphin zone 
contains indicated resources of 14.84 Mt of ore having an 
average grade of 0.66 g/t of gold and containing 9,830 kg of 
gold. The Dolphin zone has additional inferred resources of 
50.5 Mt of ore averaging 0.61 g/t gold and containing 30,800 kg 
of gold (Freegold Ventures Ltd., 2011). 

Kiska Metals Corp. (Vancouver) announced updated resource 
estimates for the Whistler porphyry copper-gold deposit, 
approximately 160 km northwest of Anchorage. The new 
estimated indicated resources were 79.2 Mt at a grade of ed 
0.51 g/t gold, 1.97 g/t silver, and 0.17% copper, and the inferr 
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PT resources were 146 Mt of ore at a grade of 0.40 g/t gold, 1.75 g/t Idaho.—Idaho produced a limited quantity of gold in 2011, 


me SM silver, and 0.15% copper. Total contained metals for indicated mostly from small-scale mines and byproduct production from 
A by resources were 40,400 kg of gold, 156,000 kg of silver, and Silver mines. Several companies that were developing projects 
135,000 t of copper and for inferred resources were 58,300 kg of in Idaho released exploration updates. Premium Exploration 
nto a gold, 255,000 kg of silver, and 204,000 t of copper Inc. (Vancouver), which had several active exploration projects 
ШШ (Kiska Metals Corp., 2011). in Idaho, reported resources containing an estimated 37,000 kg 
{ши Ағісопа. —1п 2011, all gold mined in Arizona was recovered of gold (Allan, 2011). Terraco Gold Inc. (Vancouver) estimated 
t Nore as a byproduct from copper mining and processing. During total gold resources (measured, indicated and inferred) at its 
nie November, American Bonanza Gold Corp. (Vancouver) Almaden project in Washington County to be 48.3 Mt of ore 
tra completed construction of the Copperstone underground gold grading 0.62 g/t gold and containing 29,400 kg of gold (Terraco 
soli project in La Paz County. According to the feasibility study, Gold Inc., 2011). Midas Gold Corp. (Vancouver) consolidated 
cl the mine was projected to produce 6,630 kg of gold during its several deposits into the Golden Meadows project in the 
ig Hurd 6.3-year mine life. The company planned to ship gold-bearing Stibnite-Yellow Pine mining district and collaborated with Vista 
се у concentrates by the first quarter of 2012 to a processing facility Gold Corp. (Littleton, CO) to explore the area further. Midas's 
Alo, in Nevada (American Bonanza Gold Corp., 2012, p. 4). share of the gold resources were estimated to be 65,300 kg 
ts lora California.—In 2011, gold was produced at Atna Resources of indicated gold resources and 115,000 kg of inferred gold 
Ltd.'s (Golden, CO) Briggs Mine and New Gold Inc.'s resources (Northern Miner, The, 201 1). 
Its (Vancouver) Mesquite Mine. Other operations produced gold Montana,—Barrick’s Golden Sunlight Mine, 48 km east of 
son as a secondary product, mainly from placer sand and gravel Butte, recommenced production in early 2011 after an extended 
ш mines and from several small underground mines that produced development period. The mine produced 1,930 kg of gold in 
ilo primarily specimen gold products. 2011 (Barrick Gold Corp., 2012a, p. 68; b). 
gets In 2011, the Mesquite Mine's open pit in Imperial County, Nevada.—Gold production increased by 3% to 172 000 kg in 
T 70 km northwest of Yuma, AZ, produced 4,910 kg of gold, 994 2011, and Nevada kept its long-standing position as the Natic : 
Spy less than that produced in 2010. Production was lower because leading gold-producing State. Total exploration expenditure m 
T lower grade ore was processed in 201 1, in accord with the mine Nevada increased to $295.5 million in 2011 from $214 | ЈЕ 
plan (New Gold Inc., 2012, р. 8). in 2010, the highest expenditures канла -l million 
' Ва . | ce the State began 
шй In 2011, Atna’s Briggs Mine produced 1,350 kg of gold, 29% the survey in the mid-1990s (Price and others, 2012. р. 6] 5 
ЇЙ more than 2010 production. An updated technical report on the In 2011, Barrick produced 96.200 kg of old fr i E 
T Briggs Mine estimated the proven and probable reserves to be owned Bald Mountain, Cortez Goldstrike Rub Hill, | 
ш 7,680 kg of gold (Аша Resources Ltd., 2012, p. 2-3). Mines; its 75% share of the Turquoise Ridge a А ill, and Storm 
iw Two projects were in the permitting stage. Sutter Gold (a joint venture with Newmont 25%); its E т f 
TT Mining Inc. (Lakewood, CO) released a preliminary economic Valley Common Operation (50% owned E: o Share of Smoky 
їй assessment technical report in 2011 for the Sutter Gold Kinross); and its 33.33% share of the Mari H erated by 
jy underground mine, which included the historic Lincoln gold owned and operated by Goldco e САЊА 


ји mine along California’s Mother Lode belt. The company 
y expected to start construction in 2012 (Sutter Gold Mining 


йй Inc., 2011). Emgold Mining Corp. (Vancouver) submitted a part of the Cortez operations. mM pit, which was 
revised permit application in April to the City of Grass Valley to 44,200 kg of gold in 2011 25% more than dirae c 

| геореп the historic Idaho-Maryland Gold Mine. The company Barrick announced that the U.S. Bureau Ta 5 о 
Subsequently asked the city to put the project temporarily on (BLM) issued a record-of-decision approvi a MM 
a until the company could raise sufficient funds to finance | EIS for the Cortez Hills Mine. The mius КАЛ E ан = 

1 с Па impact statement (EIS) (Emgold Mining under an injunction since April 2010 that allo peraung 


| Colorado.—In 201 1, Colorado remained the fourth ranked 
| gold-producing State in the country. The Nation's eighth ranked 
n gold mine, the Cresson Mine, owned by Cripple Creek & 


т > 20116). Open pit and under 
nsn Gold Mining Co. (CC&V) (a fully owned subsidiary of from Goldstrike (including the Storm уы 
: gloGold) reported that its open pit operation produced gold, a 1296 decrease compared with that in 2010 T 00 kg of 
300 kg of gold in 2011, a 15% increase from that in 2010 was attributed to the partial shutdown of the autoc] he decrease 
f it to сое of a mine-life extension project that company explored new technology to БЕШ iE es E the 
| ould extend the mine’s life until 2016 (AngloGold Ashanti mine. Also, th ass 
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3,950 kg of gold, 57% more than that in 2010 owing to 
increases in sulfide ore processed. Production of gold in 2011 
from partially owned mines was 11,300 kg, 5% more than 

that of 2010. In 2011, Barrick’s share of gold production from 
the Marigold Mine was 1,590 kg (an 11% increase compared 
with 2010 gold production), 5,540 kg from the Smoky Valley 
Common Operation (unchanged from 2010), and 4,200 kg from 
Turquoise Ridge (an increase of 9% from 2010 production) 
(Barrick Gold Corp., 2012a, р. 68—69; b). 

Newmont’s Nevada operations produced 52,900 kg or 33% 
of Nevada’s gold production from seven open pits and eight 
underground mines. The operations were the Eastern Nevada 
Mine Group (Carlin East, Gold Quarry, Leeville, North Lantern, 
and Pete Mines) and the Lone Tree, Midas, Mule Canyon, 
Phoenix, Trenton Canyon, Twin Creeks, and the joint-venture 
Turquoise Ridge (25% share) Mines. In 2011, gold production 
from Newmont’s Nevada operations decreased by 4%. As of 
December 31, the company reported 1,080,000 kg of gold 
reserves, 77% of which was in open pit mines and the remainder 
was in underground mines (Newmont Mining Corp., 2012, 

р. 25—26). 

In 2011, Great Basin Gold Ltd. (Vancouver) produced 
2,690 kg of gold and 16,200 kg of silver from ore produced 
during trial mining activities at the underground Hollister Mine, 
which was processed at its Esmeralda mill, 467 km from the 
Hollister Mine. A preliminary draft EIS was completed in 2011 
and a decision to proceed with the project was scheduled for the 
third quarter of 2012 (Great Basin Gold Ltd., 2012, р. 1 1—14). 

In 2011, Yukon-Nevada Gold Corp. (Vancouver) produced 
2,110 kg of gold from purchased ore and stockpiles at its Jerritt 
Canyon complex. The company restarted mining at the 
SSX-Steer mine complex, which was part of the Jerritt Canyon 
operations, located 80 km north of Elko. The SSX-Steer 
complex included two underground mines, which had been 
placed on care-and-maintenance status in August 2008, and had 
estimated proven and probable reserves of 1.22 Mt of ore at 
a grade of 5.88 g/t gold and containing 7,130 kg of gold. The 
estimated measured and indicated resources were 4.01 Mt of 
ore at a grade of 6.97 g/t gold and containing 28,000 kg of gold 
(Yukon-Nevada Gold Corp., 2011; 2012, p. 3). | | 

In 2011, the Rochester Mine, owned by Coeur d’Alene Mines, 
produced 43,500 kg of silver and 195 kg of gold, compared 
with 2010 production of 62,200 kg of silver and 300 kg of gold. 
Production was lower because of decreased recovery from 
dual leaching of ores on the older leach pads. The company 
completed construction of a new leach pad and infrastructure to 
resume mining during the fourth quarter of ZOL: During 2011, 
the company failed to pay claims fees on part of the вео 
property, and Rye Patch Gold Corp. Measles ‘ee б е 
claims. At yearend, the two companies were in litigation to А 

ive ownership disputes. The mine has a proven and probable 
sia £920,000 kg of silver and 7,680 kg of gold 
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of silver, more than double the December 31, 2010, mineral 
resource estimates. Allied Nevada also updated the Hycroft mill 
scoping study for 2015—24; the updates estimated the average 
annual production to be 17,300 kg of gold and 839,000 kg of 
silver (Allied Nevada Gold Corp., 2011). In 2011, the mine 
produced 2,740 kg of gold and 14,900 kg of silver, and planned 
to expand production in 2012 from 5,600 to 6,840 kg of gold 
and from 23,300 to 26,400 kg of silver (Allied Nevada Gold 
Corp., 2012). 

Barrick announced two new discoveries at its 2,800-square- 
kilometer Cortez property. The two new discoveries, Goldrush 
and Red Hill, were 6 km southeast of the Cortez Hills Mine 
and 24 km southeast of the Pipeline Mine in northern Nevada. 
The company reported that the Red Hill deposit had an inferred 
resource of 28.8 Mt of ore at a grade of 3.8 g/t gold and 
contained 109,000 kg of gold (Barrick Gold Corp., 20112). 

In January, Scorpio Gold Corp. (Vancouver) began 
reprocessing approximately 280,000 t of material left on leach 
pads and in stockpiles at its 70%-owned Mineral Ridge gold 
project in Esmeralda County. Golden Phoenix Minerals, Inc. 
owned 30% of the project. The first shipment of loaded carbon 
was shipped for recovery of precious metals in April, and in 
May, the company resumed mining activities in the Drinkwater 
pit at Mineral Ridge. In 2011, the company sold 253 kg of gold 
and 151 kg of silver (Scorpio Gold Corp., 2012). 

Midway Gold Corp. (Denver, CO) announced the results ofa 
prefeasibility study of its Pan gold project in White Pine County, 
which determined proven and probable ore reserves to be 
37.7 Mt at a grade of 0.583 g/t of gold, containing 22,000 kg of 
gold. The company plans called for two conventional open pits 
delivering 5 million metric tons per year of ore to heap-leaching 
pads to yield an average 2,400 kg/yr of gold for the first 8.5 
years. Midway also announced initial underground inferred 
resource estimates for its Midway project in Nye County of 
about 103,000 t at a grade of 10.34 g/t of gold, containing 
1,070 kg of gold (Midway Gold Corp., 2011a, b). Midway 
released a new resource estimate for its wholly owned Spring 
Valley project in Pershing County. The measured resources 
reportedly contained 59 Mt of ore at a grade of 0.49 g/t, 
and containing 30,000 kg of gold. The indicated resources 
were estimated to be 86 Mt of ore at a grade of 0.45 g/t and 
containing 38,200 kg of gold. The estimated inferred resources 
were 104 Mt of ore at a grade of 0.59 g/t and containing 
61,300 kg of gold (Midway Gold Corp., 201 1c). 

International Minerals Corp. (Scottsdale, AZ) announced an 
increase in the mineral resource estimate for the Converse gold 
project. The project, in the Battle Mountain-Cortez mineralized 
trend in north-central Nevada, had a reported measured and 
indicated resource of 331 Mt of ore at a grade of 0.48 g/t, 
containing 160,100 kg of gold. The company anticipated the 4 
completion of the preliminary economic assessment by yearen 
of 2011 (International Minerals Corp., 201 la, b). ВЕ 

US Gold Corp. (Toronto) released the results of a РЈ 
feasibility study for its Gold Bar project on the Battle Moun я 
Eureka-Cortez gold trend in Eureka County. The сан 
production for an open pit with conventional oxide heap-'¢ 


processing was estimated to be 1,590 kg of gold during an 


8-year mine life at a cash cost of $665 per troy ounce of gold. 
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Capital costs, including contingency costs, were estimated to 
be $55.8 million in initial expenditures, plus $38.5 million in 
sustaining capital, for a total of $94.3 million (US Gold Corp., 
2011). 

nee Mining Corp. (Vancouver) released a preliminary 
economic assessment for its Pine Grove project in Lyon County. 
The proposed open pit and heap-leach operations would have a 
mine life of 6 years and a total production of 3,380 kg of gold. 
The total capital cost was $27.4 million. At a 0.22 g/t gold cutoff 
grade, total measured and indicated resources at the Pine Grove 
project were estimated to be 6.06 Mt at a grade of 1.06 g/t of 
gold, containing 6,340 kg of gold (Lincoln Mining Corp., 2011). 

Nevada Copper Corp. (Vancouver) announced the results of 
a feasibility study for the Pumpkin Hollow copper project in 
Yerington. The project was scheduled to startup in mid-201 5, 
with a mine life of 18 years and total metal contained in 
concentrates was projected to be 1.74 Mt of copper, 19,900 kg 
of gold, and 478,000 kg of silver. Initial capital costs were 
expected to be $1.04 billion including contingencies, but 
excluding $48.9 million in working capital (Nevada Copper 
Corp., 2012). 

Coral Gold Resources Ltd. (Vancouver) released the results 
of the preliminary economic assessment for the Robertson gold 
project. The open pit and heap-leach project, 97 km southwest 
of Elko, had an estimated resource of 78.2 Mt of ore at a grade 
of 0.429 g/t of gold containing 33,600 kg of gold. The mine 
would have a life of 10.5 years and would produce 18,900 kg 
of salable gold. The initial capital cost, including development 
costs for an owner-operated project was $113.5 million and for 
a contractor-operated project was $138.6 million (Coral Gold 
Resources Ltd., 2012). 

New Mexico.—In 2011, gold production in New Mexico 
was as a byproduct of copper production in Grant County at 
Freeport-McMoRan Copper & Gold Inc.’s (FCX) (Phoenix, AZ) 
Chino Mine. In late 2008, mining activities were suspended, and 
in 2011, FCX restarted mining and milling activities 
(Freeport-McMoRan Copper & Gold Inc., 2012, p. 10). 

In 2011, development began at one silver and gold project, 
and several polymetallic deposits were explored. In March, 
Santa Fe Gold Corp. (Albuquerque) began limited production 
at the Summit silver and gold mine and anticipated that full 
production would be reached by midyear 2012. Full production 
was estimated to be 120,000 metric tons per year of ore at a 
grade of 4.45 g/t gold and 335 g/t silver 
(Santa Fe Gold Corp., 2012). 

South Carolina.—Romarco Minerals Inc. (Toronto) released 
an updated mineral resource estimate for the Haile Gold Mine 
in Lancaster County, which was 29% more than that of the 
Previous estimate. The total measured and indicated gold 
resource was 124 t, and the total inferred gold resource was 24 t. 
Based оп а feasibility study, annual production for the first 5 
years was estimated to be 4,700 kg of gold, at an average cash 
Cost of $347 per troy ounce (Romarco Minerals Inc., 2012). 

A request by ће U.S. Army Corps of Engineers for an EIS on 
the effects to a portion of the low-functioning and impaired 

Wetlands and streams on the Site of the Haile gold project was 
expected to delay the project by about 12 months (Hill, 2011). 
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South Dakota.—1n 2011, Wharf Resources (USA) Inc. 
operated the Goldcorp-owned Wharf open pit gold mine near 
Lead, which produced about 2,100 kg of gold, 896 less than 
2010 production. A reduction in the quantity of ore processed 
more than offset a rise in head grade. New discoveries and a 
new permit from the State extended the mine's life by another 7 
years until 2020 (Goldcorp Inc., 2012, p. 58). 

Utah.—Rio Tinto's Bingham Canyon Mine near Salt Lake 
City, which was operated by Kennecott Utah Copper Corp. 
(Magna), produced 11,800 kg of gold as a byproduct from 
copper mining. In 2011, Bingham Canyon was the fourth-ranked 
gold producer and the leading gold-producing mine outside of 
Nevada. Gold production decreased by 36% compared with that 
in 2010 because of lower ore grades as the company shifted 
from a high copper-gold area to high-molybdenum area of the 
ore body. Kennecott Utah also operated the nearby Barney's 
Canyon Mine; the mine closed in the first quarter of 2002 but 
continued gold production from residual heap leaching 
(Rio Tinto plc, 2012, p. 33, 46). 

Rio Tinto increased the estimated mineral resources by 20 Mt 
to 106 Mt for the Bingham Canyon Mine through the addition of 
the North Rim Skarn. Total Bingham Canyon mineral resources 
(measured, indicated, and inferred) average grade of 0.8194 
copper, 0.006% molybdenum, 0.39 g/t gold, and 4.9 g/t silver 
and contained an estimated 0.85 Mt of copper, 10,000 t of 
molybdenum, 40 t of gold, and 500 t of silver. The North Rim 
Skarn is a high grade copper-gold deposit that is 300 meters 
below the current open pit and was expected to be developed by 
underground methods (Rio Tinto plc, 2011). 

Washington.—In 2010, Kinross's underground Kettle 
River-Buckhorn Mine in the north-central part of the State 
produced 5,450 kg of gold, 1294 less than production in 2010 
because of lower ore grade. Ore was shipped 76 km to the Kettle 
River Mill adjacent to the closed Kettle River Mine 
Kinross Gold Corp., 2012, p. F21). 


Consumption 


Thomson Reuters Gold Fields Mineral Service 
reported that total global fabrication in 2011, Бес ^ "е 
use of scrap, was 2,760 t, slightly lower than that of 2010 
In 2011, gold jewelry fabrication was 1,970 t, slightly lower 
than that of 2010. The six leadin 
countries—India (667 t), China (496 t), Italy (94 t), Turkey 


(77 t), the United States (60 t), and Russia (45 2t 
for 73% of the worl d’s jewelry ( " )—accounted 
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applications, 90 kg, decreased slightly because of a sharp 
decline in India were partially offset by gains in China. The 
remaining gold was used in the production of coins, medallions, 
and imitation coins (Klapwijk and others, 2012, р. 83-109). 


Price and Investment 


The Engelhard daily price of gold was volatile and rose above 
the $1,800-per-troy-ounce level for the first time in August. The 
price began the year at $1,421.56 per troy ounce and fell to the 
year’s lowest level of $1,321.89 per troy ounce on January 28. 
The price then rose until peaking at $1,898.87 per troy ounce on 
September 6 before decreasing to $1,620.40 per troy ounce by 
October 5. The price recovered to $1,798.70 per troy ounce on 
November 8 before decreasing to $1,575.82 per troy ounce by 
yearend. The annual average price of $1,572.48 per troy ounce, 
28% above the annual average gold price in 2010, was the 
highest annual average price ever, and the 10th consecutive year 
of an annual average price increase. 

Global gold investment in 2011 fell by 10% compared with 
that in 2010, but remained very high because of financial and 
economic uncertainties; such times are traditionally when 
investment in gold, which is considered to be a safe investment, 
increases. It was estimated that global investors purchased 
1,600 t of gold, with a value of $81 billion in 2011. The bulk of 
the investment was the purchase of 1,210 t of gold bars. Gold 
bars held in gold exchange-traded funds (ETFs) and physically 
backed Canadian funds increased by 160 t to 2,370 t. Gold 
held in U.S. ETFs increased by 3%, to 1,500 t, with the SPDR 
Gold Trust, which trades on the New York Stock Exchange, 
accounting for 84% of domestic gold ETF holdings. Because 
shares in gold ETFs represent a physical allotment of gold 
that is held in trust, they provide an easily accessible physical 
investment in gold. Gold ETFs follow market gold prices, with 
a fee assessed to cover administrative and storage costs. The 
demand for safe-haven investments kept gold coin sales high, 
in 2011, 246,000 kg of global gold coins was minted, up 
5% from those minted in 2010. In 2011, the U.S. Mint 
merican Eagle gold coins and 5,430 kg of 
American Buffalo gold coins, a decrease of 10% and 17%, 
respectively from quantities sold in 20 10. Strong demand for 
Chinese and Turkish coins offset minting losses in Europe and 
the United States. In 2011, 87 „800 kg of medals and imitation 
coins were sold, down slightly compared with that in 2010, with 
more than 90% purchased in India (Klapwijk and others, 2012, 


p. 21-38). 
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World Industry Structure 


World gold mine production in 2011 was 4% higher than that 
in 2010, and it was the third year in a row that world production 
increased (table 8). Although gold production increased by 
more than 1 t in 20 countries, the largest increases took place in 
China (17,000 kg); Eritrea (11,500 kg); Mexico (11,500 kg); and 
Russia (10,600 kg). These increases were partially offset by gold 
production decreases in several countries, the largest of which 
took place in Indonesia (10,200 kg); South Africa (7,700 kg); 
Argentina (4,140 kg); Australia (3,000 kg); Sudan (2,940 kg); 
and Papua New Guinea (2,000 kg). 

The 12 leading gold-producing countries— China, Australia, 
the United States, Russia, South Africa, Peru, Canada, 
Indonesia, Uzbekistan, Mexico, Ghana, and Papua New Guinea 
(in descending order) accounted for 72% of global production. 
The next 10 ranked gold-producing countries accounted for 16% 
of production, while the remaining 78 countries made up 1296 of 
global gold production in 2011. 

According to its annual review of world gold supply and 
demand, GFMS calculated that the total global supply of gold 
in 2011 was 4,490 t compared with the revised 2010 total 
supply of 4,460 t. GFMS reported increased mine production 
(3%), no net official sector sales, 6 t of net producer hedging, 
and no implied net disinvestment for sales of bars and coins by 
private investors. Old scrap production decreased by 3% in 2011 
compared with that in 2010 because some consumers deferred 
selling scrap during the year in anticipation of higher gold prices 
(Klapwijk and others, 2012, p. 8). 

Mergers and Acquisitions.—In 2011, gold mining companies 
strove to increase their reserves by merging or acquiring other 
companies. In February, Newmont announced that it entered 
into an agreement to acquire Fronteer Gold Inc. (Vancouver). 
Fronteer owned the Long Canyon project, which was 
approximately 160 km east of Newmont's existing operations 
in Nevada. The project had estimated measured and indicated 
resources of 44 t of gold and additional inferred resources of 
25 t of gold. Fronteer also owned 10096 of the Northumberland 
project and a joint-venture interest with Newmont in the 
Sandman project, both in Nevada. According to the agreement, 
a new company would be spun off to control a portion of the 
exploration projects, and Pilot Gold Inc. (Vancouver), the new 
company, would own 11 properties in Nevada (excluding Long 
Canyon, Northumberland, and Sandman), 2 in Turkey, and | in 
Peru. Fronteer shareholders would own 80.196 of Pilot Gold, 
with Newmont holding the remaining 19.9% (Newmont Mining 
Corp., 2011). In April, Kinross purchased the remaining 25% 
of the Kupol Mine in Russia from the State Unitary Enterprise 
of the Chukotka Autonomous Okrug (Kinross Gold Согр., 
2012, p. F17). The world’s leading gold producer, Barrick, 
purchased Equinox Minerals Ltd. (Perth, Western Australia, 


Australia), which mainly produced copper. Polyus Gold Mining 


Co. (Moscow, Russia), was the target of a reverse takeover 

by KazakhGold Group Ltd. (London) to form Polyus Gold 
International Ltd. (London). Gold Fields purchased IAMGOLD 
Corp.’s (Toronto) 18.9% interest in Tarkwa and Damang Mines 
in Ghana, increasing Gold Fields’ holdings in these two mines 
to 90%. Gold Fields also purchased minority shareholder's 
stakes of the Cerro Corona copper-gold mine in Peru to 
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increase its ownership to 98.5%. In addition, Franco Nevada 
Corp. (Toronto) combined with Gold Wheaton Corp. (Toronto) 
and AuRico Gold Inc. (Toronto) completed the takeover of 
Northgate Minerals Corp. (Vancouver), and Agnico-Eagle Mines 
Ltd. (Toronto) purchased Grayd Resources Corp. (Vancouver) 
(Klapwijk and others, 2012, p. 51). 


World Review 


Argentina.—In 2011, gold production was 59,000 kg or 
7% less than that in 2010, mainly because lower production at 
Barrick’s Veladero Mine. The mine produced 15% less than it 
produced in 2010, because of lower ore grades owing to the 
shift away from high-grade areas as dictated by the mine plan 
(Barrick Gold Corp., 2012a, p. 69; b). 

Lower production from Bajo de la Alumbrera Mine [owned 
by Xstrata plc (Zug, Switzerland) (5094), Goldcorp (37.594), 
Yacimientos Mineros Agua de Dionisio (Catamarca) (20%), 
and Yamana (12.5%)] also contributed to the overall lower 
production in 2011 but these were offset by the start of 
production at Troy Resources Ltd.'s (West Perth, Western 
Australia, Australia) Caposo gold-silver mine. The mine started 
in the first quarter of 2011 and reached designed throughput by 
October (Klapwijk and others, 2012, p. 46). 

Australia.—Australian gold production in 2011 decreased 
slightly compared with that in 2010. Despite some increase 
in gold production from a number of new mines, production 
declined at several mines. AngloGold's Sunrise Dam Mine 
produced 7,650 kg of gold, a 3896 decrease compared with 2010 
gold production because a major flood in F ebruary affected the 
underground operations for 4 months, and in April, a wall failed 
in the southeastern portion of the open pit, which interrupted 
production for about 6 months (AngloGold Ashanti Ltd., 2012, 
p. 85-86). 

OZ Minerals Ltd. (Melbourne) produced concentrates from 
its Prominent Hill copper mine, and during 2011, the mine 
produced 108,000 t of copper and 4,980 kg of gold. This was 
18% less gold than in 2010 because the mine exhausted the 
high-grade area of the deposit (OZ Minerals Ltd., 2012, p. 14). 

In 2011, Barrick's share of production from its five mines 
was 42,900 kg of gold, slightly less than that in 2010. АП mines 
except the Kalgoorlie Mine were fully owned by Barrick. 
Production from Yilgarn South was 1896 more than production 
In 2010 because of an increase in ore mined and processed 
and higher ore grades. Production from Kalgoorlie, a joint 
venture with Newmont, increased slightly in 2011 compared 
With production in 2010 owing to an increase in ore grade and 
Increased mill throughput. Production increases were offset by 
decreases at several mines, including Cowal, 15% less; Plutonic, 
1576 less; and Kanowna, 1094 less (Barrick Gold Corp., 2012a, 
p. 66, 70; b). 

In 2011, Newcrest operated five mines in Australia. The Cadia 
Hill and Ridgeway Mines produced 16,800 kg of gold, a 2496 
Increase compared with 2010 production as a newly developed 
block cave operation at Ridgeway more than offset production 
losses at Cadia Hill. The Telfer Mine produced 17,300 kg of 
gold in 2011, 18% less than that produced in 2010 following 
exhaustion of the high-grade section of the pit. Newcrest's 
70%-owned Cracow and the 100%-owned Mt. Rawdon Mines 
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produced 17% and 36% less gold, respectively, compared with 
production in 2010 (Newcrest Mining Ltd., 2012). 

Newmont's Boddington Mine produced 23,000 kg of gold 
and 31,300 t of copper in 2011, slightly more gold than in 2010. 
Newmont also owned the Jundee and Tanami operations as 
well as the Kalgoorlie joint-venture project with Barrick. The 
Jundee operation sold 10,400 kg of gold in 2011, which was the 
same as that in 2010. Tanami sold 6,870 kg of gold, 12% less 
than that in 2010. Newmont also owned a 16.22% interest in 
Regis Resources Ltd.'s (Perth), which owned the Duketon gold 
project. Duketon began production in the third quarter of 2010 
and produced 3,130 kg of gold in 2011, up by 2,110 kg from 
2010 production (Newmont Mining Corp., 2012, p. 29). 

Gold Fields produced gold from two mines in Australia— 
Agnew and St. Ives. In 2011, Agnew produced 6,034 kg of gold, 
27% more than that produced in 2010 owing to opening of the 
Songvang open pit. St. Ives produced 14,500 kg of gold in 2011, 
about the same as 2010 production (Gold Fields Ltd., 2012, 

p. 72). 

In 2011, six mines started or restarted production—Deutsche 
Rohstoff AG's (Heidelberg, Germany) Georgetown Mine, 
which started production in January; FMR Investments Pty. 
Ltd.’s (South Perth) Eloise Mine, which started production 
in the second quarter; Hillgrove Resources Ltd.'s (Sydney) 
Kanmantoo Mine, which started production in the fourth 
quarter; KBL Mining Ltd.'s (Sydney) Mineral Hill Mine, which 
started up in the third quarter; Castlemaine Goldfields Ltd.’s 
(Mount Clear, Victoria) Ballarat Mine, which began production 
in the third quarter; and St Barbara Ltd.’s (Melbourne) King of 
the Hills Mine, which began production in the second quarter, 
Mines that started up in 2010 and increased production in 2011 
included Intergra Mining Ltd.’s (Perth) Aldiss-Randalls Mine, 
Saracen Minerals Holdings Ltd.’s (Melbourne) Carosue Dam 
Mine, Evolution Mining Ltd.’s (Bondi Junction, New South 
Wales) Edna May Mine, and Exco Resources Ltd.’s (Perth) and 
Polymetals Mining Ltd.’s (Samford, Queesland) White Dam 
Mine. Elsewhere, BHP Billiton Group’s Olympic Dam Mine 
increased output because of a full year of operations from the 
repaired main shaft (Klapwijk and others, 2012, p. 47), 

Burkina Faso.—1n 2011, gold production was 31 „800 kg, 

a 39% increase compared with that of 2010. The increase was 
attributed to the first full year of production of IAMGOLD's 
90%-owned Essakane Mine. The mine, which started production 
in July 2010, produced 11,700 kg of gold in 201 1, 176% more 
than that in 2010 IAMGOLD Согр., 2012, р. 25). The increase 
was also attributed to a 21% increase in gold production from 
Avocet Mining plc’s (London) Inata Mine, which also Started up 
in 2010 that produced 5,190 kg of gold in 2011 (Avocet Mining 
ple, 2012). 

Canada,—Canada ranked seventh in world gold production 
and its output increased by 6% to 96,700 kg. The increase Was 
from Osisko Mining Corp.'s (Montreal) Canadian Malartic 
Mine, which reached commercial production in May and 
produced 6,220 kg of gold in 2011 (Osisko Mining Corp., 

2012, p. 1). Output from Vale S.A.’s (Rio de Janerio, Brazil) 
Sudbury Complex increased to 5,660 kg of gold from 1,310 kg 
in 2010, because of the ending of a year-long strike in July 2010 
(Vale S.A., 2012). In addition, Golden Band Resources Inc.'s 
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(Saskatoon) La Ronge Mine had its first pour in January and 
produced more than 1,000 kg of gold in 2011. Other increases 
were from the continued ramp up of Lake Shore Gold Corp.’s 
(Toronto) Timmins West and the recommissioned St Andrew 
Goldfields Ltd.’s (Toronto) Holt Mines, both of which started 
production in 2010 and produced 1,240 kg and 809 kg of gold, 
respectively, in 2011 (Lake Shore Gold Corp., 2012, p. 11; St 
Andrew Goldfields Ltd., 2012, p. 3). Mill expansions at San 
Gold Corp.’s (Winnipeg, Manitoba) Rice Lake and Kirkland 
Lake Gold Inc.’s (Kirkland Lake, Ontario) Kirkland Lake also 
increased production. In 2011, Rice Lake produced 2,310 kg of 
gold, a 71% increase from 2010 production, and Kirkland Lake 
increased gold production by 1,000 kg (Klapwijk and others, 
2012, р. 45; San Gold Corp., 2012, р. 3—5). 

These increases were partially offset by decreases at several 
mines. In March, Northgate’s Kemess South closed and in 
October, Agnico-Eagle suspended underground mining at 
Goldex following a rockmass failure of the ground overlying 
the main stope. Also, the leading Canadian gold producer, 
Goldcorp’s Red Lake Mine, produced 19,300 kg of gold, a 12% 
decrease compared with 2010 production because of a decrease 
in ore grade (Northgate Minerals Corp., 201 1; Agnico-Eagle 
Mines Ltd., 2012; Goldcorp Inc., 2012, p. 44). 

Chile.—In 2011, gold production was 45,100 kg, 14% more 
than that in 2010. The production gains were attributed to 
several mines that were brought online and increased production 
from some established mines. The most notable was the startup 
of the Esperanza copper-gold mine, which was 7 0% owned by 
Antofagasta plc (London) and 30% by Marubeni Corp. (Tokyo). 
In 2011, the mine produced 90,100 t of copper and 4,890 kg of 
gold (Antofagasta plc, 2012). Two other startups involved the 
recommissioning of past producers. They included the tailings 
retreatment and open pit mining at the historical Guabaco Mine, 
owned by Australia-based Austral Gold Ltd. and Mandalay 
Resources Corp.'s (Toronto) Cerro Bayo Mine (Klapwijk and 
others, 2012, p. 45). 

Kinross's Maricinga Mine produced 7 ,350 kg, 51% more 
than 2010 production owing to higher recoveries, more tons 
processed, and higher gold grades (Kinross Gold Corp., 2012, 
р. Е25-Е26). The country’s leading gold-producing mine was 
Yamana Gold’s El Penon Mine, which produced 9,520 kg of | 
gold, 19% more than that in 2010 because of expanded capacity 
(Yamana Gold Inc., 2012, p. 49). | 

These increases were partiality offset by production losses at 
Kinross’s other mine in Chile, La Copa, which produced . 
5,550 kg of gold in 201 1, 9% less than that in 2010 because 
of lower grade ore (Kinross Gold Corp., 2012, р. F25—F26). 
Yamana also produced 2.700 kg of gold from Minera Florida, 
8% Jess than that in а par of lower gold ore grade 
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Gold Group Co., Ltd., Yunnan Gold Mining Group Co., Ltd., 
and Zhaojin Mining Industry Co. Ltd., which increased by a 
total of 9,000 kg (Antaike Precious & Minor Metals Monthly, 
2012a, c; Klapwijk and others, 2012, p. 48). 

China remained one of the leading consumers of gold and 
in 2011, consumption was reported to be 761,000 kg, up 33% 
compared with consumption in 2010. Gold bar consumption 
reached 214,000 kg, which was 5096 more than that in 2010. 
The consumption for gold ornamentation, including jewelry, 
was 457,000 kg and gold coins were 21,000 kg. Gold used in 
industrial uses, including electronics, was 53,200 kg, and gold 
used in other uses was 16,500 kg (Antaike Precious & Minor 
Metals Monthly, 2012b). 

Colombia.—In 2011, gold production increased by 4% 
compared with that in 2010. A substantial portion of the increase 
came from small-scale mines. The formal sector was also seeing 
gains from Mineros SA’s (El Bagre) Ye Mine, which continued 
to ramp up from its startup in 2010, and Gran Colombia Gold 
Corp.’s (Toronto) underground mines (Klapwijk and others, 
2012, p. 46). 

Côte d’Ivoire.—In 2011, production of gold was 9,870 kg, 
86% more than that in 2010, because of the ramp up of 
production at Randgold Resources Ltd.’s (London) Tongon 
Mine, which started production in the fourth quarter of 2010. 
The mine produced 7,790 kg of gold during the year, which 
was 6,910 kg more than 2010 production, and the mine was 
projected to produce 8,860 kg in 2012 (Randgold Resources 
Ltd., 2012, р. 40—45). 

Production at other mines in the country, Newcrest’s Bonikro 
Mine and Cluff Gold plc’s (London) Angovia Mine, were 
temporarily suspended because of civil unrest after the President 
declined to cede power in early 2011. Production resumed at 
Bonikro in May and reached full capacity in June. In 2011, the 
mine produced 1,880 kg of gold, 36% lower than that in 2010. 
Production at Angovia remained suspended because of depletion 
of existing reserves; however, the mine was still producing 
gold from residual leaching (Klapwijk and others, 2012, р. 43; 
Newcrest Mining Ltd., 2012). 

Egypt.—1n 2011, gold production was 6,600 kg, up from 
5,000 kg in 2010. All of the production came from Centamin 
р/с’ (London) Sukari Gold Mine, in the eastern desert of Egypt, 
which continued to ramp up production (Centamin plc, 2012, 
p. 1). 

Eritrea. —Output in 2011 increased from 500 kg to 12,000 kg 
because the Bisha Mine reached commercial production In 
February 2011. Nevsun Resources Ltd. operated and owned 
60% of the mine (30% owned by Eritrean National Mining 
Corp. and 10% owned by the Government of Eritrea) and 
produced 11,800 kg of gold in 2011 (Nevsun Resources Ltd., 
2012). У 

Ethiopia.—Sharp increases in gold prices led to additional | 
small-scale and artisanal mining operations in Ethiop!a. In | , 
production was estimated to have reached | 1,000 kg, up 85 % 
from 2010 production. Almost all of the mine production Ка 
from artisanal, placer, and small scale-mining (Klapwijk an 
others, 2012, p. 44). 

Ghana.—Production of gold in 2011 was 8 
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in 2011, Endeavour Mining Corp.’s (Monte Carlo, Monaco) 
Nzema Mine, which reached commercial production on April 1 
and produced 2,800 kg of gold for 2011, and Perseus Mining 
Ltd.’s (Subiaco, Western Australia, Australia) Edikan Gold 
Mine, which first produced gold on August 21 and produced 
1,440 kg of gold in 2011 (Endeavour Mining Corp., 2012; 
Perseus Mining Ltd., 2012, р. 1—5). 

Some of the increase was partially offset by production losses 
at other mines. Production of gold at Golden Star Resources 
Ltd.’s (Littleton, CO) Bogoso and Wassa Mines was 9,370 kg, 
15% less compared with 2010 production. The production was 
affected by higher than normal rainfall in 2011 (Golden Star 
Resources Ltd., 2012, p. 2, 9). Leading gold producer in Ghana, 
Gold Field’s Tarkwa Mine, produced 22,300 kg of gold, a slight 
decrease compared with that of 2010 owing to power supply 
interruptions and excessive rainfall. Gold Fields other mine in 
Ghana, the Damang Mine, produced 6,780 kg of gold, 4% less 
than 2010 production because of power supply interruptions 
(Gold Fields Ltd., 2012, p. 96-99). 

Guatemala.—Gold was produced at only one mine, 
Goldcorp's Marlin Mine. In 2011, the mine produced 11,900 kg 
of gold, 2994 higher than that of 2010 as the final high-grade 
portion of the open pit was mined. The mine was expected to 
transition into an underground operation, and production was 
projected to decrease in 2012 (Goldcorp Inc., 2012, p. 18). 

Indonesia.—In 2010, gold production decline to 96,100 kg, 

a 1076 decrease compared with 2010 gold production. Some of 
the leading gold producers were copper mines that produced 
byproduct gold. Freeport McMoRan's Grasberg Mine and 
Newmont-operated Batu Hijau Mine account for 4796 

(44,900 kg) and 10% (9,890 kg), respectively, of Indonesian 
gold production in 2011. Production at Grasberg was 2696 

lower than production in 2010 because of an 8-day strike in July 
followed by a 3-month strike that ended in December. Also, 
milling operations were temporarily suspended in the fourth 
quarter owing to damage to concentrate and fuel pipelines from 
civil unrest during the strike. In 201 1, Batu Hijau's production 
was 57% less than 2010 production owing to processing lower 
grade stockpiled ore because the mine entered into a higher 
Waste stripping phase (Freeport-McMoRan Copper & Gold Inc., 
2012, p. 40-41; Newmont Mining Согр., 2012, p. 30, 62). 

Kazakhstan.—In 2011, gold production was 36,700 kg, 22% 
more than 2010 production. The main reason for the increase 
was the continued ramp up of Kazzinc JCS'sVasilkovskoje 
Mine, which started production in the second quarter of 
2010 and was a satellite mine of the Altyntau Kokshetau 
Mine. Kazzinc produced 13,300 kg of gold in 2011 from ore 
produced from their own mines and third party sources, which 
Was 2376 more than 2010 gold production. In April, Glencore 
International AG agreed to increase its stake in Kazzinc to 9394 
from 48.7% by purchasing most of Verny Investments SPA's 
48.7% shares for $3.2 billion (Glencore International AG, 2012 
p. 53-54). 

Mali.—In 2011, gold production was 35,700 kg, a slight 
decrease compared with 2010 gold production. The decreases 
were from the Yatela Mine, 25 km north of Kayes (AngloGold 
and IAMGOLD, 40% each, and the Government of Mali, 20%), 
Which produced 2,260 kg of gold, a 52% decrease compared 
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with 2010 production. The mine was originally scheduled to 
close in 2011, although the life has been extended by opening 
Alamoutala, a new satellite deposit. Production decreased in 
2011 because of a reduction in ore grade processed (AngloGold 
Ashanti Ltd., 2012, p. 28, 64). Also, the Loulo Mine produced 
6,480 kg, 34% less than 2010 production owing to a decrease 
in ore grade. Randgold owned 80% of the Loulo Gold Mine 


' and the other 20% was owned by the Government of Mali 


(Randgold Resources Ltd., 2012, p. 27—28). 

These decreases were partially offset by increases from the 
startup of production in June from Randgold's Gounkoto Mine, 
a satellite of Loulo Mine, which added 4,230 kg of gold and 
from the continued ramp up of the Resolute Mining Ltd.'s 
(Perth) Syama Mine and a 4% increase from the Sadiola Mine 
(AngloGold and IAMGOLD, 41% each, and the Government 
of Mali, 18%) (AngloGold Ashanti Ltd., 2012, p. 61; Randgold 
Resources Ltd., 2012, p. 27-28). 

Mexico.—In 2011, Mexican gold production reached an 
alltime high of 84,100 kg, a 1696 increase from 2010 production. 
Production increases from mines opened within the past 3 years 
was the principal factor in increased production. 

Goldcorp operated three mines іп Mexico—E] Sauzal, Los 
Filos, and Penasquito. The Penasquito Mine started commercial 
production in September 2010 and in 2011 produced 7,900 kg, 

a 51% increase compared with 2010 production. In 2011 , El 
Sauzal produced 3,130 kg gold, a 34% decrease compared with 
gold production in 2010 owing to lower ore grades. The Los 
Filos Mine produced 11,400 kg of gold in 2011, 1994 more than 
that produced in 2010 because of higher tonnage mined and the 
higher ore grade (Goldcorp Inc., 2012, p. 49—53). 

Other mines that had increased production in 2011 were 
Agnico-Eagle's Pinos Altos Mine in Chihuahua State, which 
started production in 2009 and produced 6,360 kg of gold in 
2011, 5596 more than that in 2010 (Agnico-Eagle Mines Ltd 
2012). Fresnillo plc's (London) Soledad-Dipolos Mine which 
started up in 2010, produced 10,200 kg in 2011, 13% eke than 
2010 production (Fresnillo plc, 2012, р. 56). 

Nicaragua.—A]] the country's gold productio 
La Libertad and Limon Mines, zu 50 с" 
Corp. (Vancouver). In 2010, the mines produced 4,500 k 
of gold, which was 73% more than 2010 production nes 
to improved mill throughput and increased gold MES: 
(B2Gold Corp., 2012). 

Papua New Guinea.—In 2011, gold production from Papu 
New Guinea mines deacreased by 2,000 kg or 396 com "e i 
with that of 2010. Much of the decrease was from the lead; 
gold-producing mine, Newcrest’s Lihir Island operations Б 
which produced 20,300 kg of gold, 19% less than that of 2010 
Newcrest also owned 50% of the Hidden Valley Mine, which | 
started production in late 2009, and produced 6 460 k of : ld 
in 201 1, a 23% increasing from 2010 production (Newcre x 
Mining Ltd., 2012). Production at Ok Tedi Mining Ltd.'s 
(Tabubil) Ok Tedi Mine was 13,000 kg in 2011, 14% less th 
2010 production because of unscheduled mill downtim pos 
(Ok Tedi Mining Ltd., 2012, p. 4, 23). ° 
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(Saskatoon) La Ronge Mine had its first pour in January and 
produced more than 1,000 kg of gold in 2011. Other increases 
were from the continued ramp up of Lake Shore Gold Corp.’s 
(Toronto) Timmins West and the recommissioned St Andrew 
Goldfields Ltd.’s (Toronto) Holt Mines, both of which started 
production in 2010 and produced 1,240 kg and 809 kg of gold, 
respectively, in 2011 (Lake Shore Gold Corp., 2012, p. 11; St 
Andrew Goldfields Ltd., 2012, p. 3). Mill expansions at San 
Gold Corp.’s (Winnipeg, Manitoba) Rice Lake and Kirkland 
Lake Gold Inc.’s (Kirkland Lake, Ontario) Kirkland Lake also 
increased production. In 2011, Rice Lake produced 2,310 kg of 
gold, a 71% increase from 2010 production, and Kirkland Lake 
increased gold production by 1,000 kg (Klapwijk and others, 
2012, p. 45; San Gold Corp., 2012, p. 3-5). 

These increases were partially offset by decreases at several 
mines. In March, Northgate’s Kemess South closed and in 
October, Agnico-Eagle suspended underground mining at 
Goldex following a rockmass failure of the ground overlying 
the main stope. Also, the leading Canadian gold producer, 
Goldcorp’s Red Lake Mine, produced 19,300 kg of gold, a 12% 
decrease compared with 2010 production because of a decrease 
in ore grade (Northgate Minerals Corp., 2011; Agnico-Eagle 
Mines Ltd., 2012; Goldcorp Inc., 2012, p. 44). 

Chile. —In 2011, gold production was 45,100 kg, 14% more 
than that in 2010. The production gains were attributed to 
several mines that were brought online and increased production 
from some established mines. The most notable was the startup 
of the Esperanza copper-gold mine, which was 7096 owned by 
Antofagasta plc (London) and 30% by Marubeni Corp. (Tokyo). 
In 2011, the mine produced 90,100 t of copper and 4,890 kg of 
gold (Antofagasta plc, 2012). Two other startups involved the 
recommissioning of past producers. They included the tailings 
retreatment and open pit mining at the historical Guabaco Mine, 
owned by Australia-based Austral Gold Ltd. and Mandalay 
Resources Corp.'s (Toronto) Cerro Bayo Mine (Klapwijk and 
others, 2012, p. 45). 

Kinross's Maricinga Mine produced 7,350 kg, 5196 more 
than 2010 production owing to higher recoveries, more tons 
processed, and higher gold grades (Kinross Gold Corp., 2012, 
p. F25-F26). The country's leading gold-producing mine was 
Yamana Gold’s El Penon Mine, which produced 9,520 kg of | 
gold, 19% more than that in 2010 because of expanded capacity 
(Yamana Gold Inc., 2012, p. 49). | 

These increases were partiality offset by production losses at 
Kinross's other mine in Chile, La Coipa, which produced | 
5,550 kg of gold in 2011, 9% less than that in 2010 because 
of lower grade ore (Kinross Gold Corp., 2012, р. F25-F26). 
Yamana also produced 2,700 kg of gold from Minera Florida, 
3% less than that in 2010 because of lower gold ore grade 
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Gold Group Co., Ltd., Yunnan Gold Mining Group Co., Ltd., 
and Zhaojin Mining Industry Co. Ltd., which increased by a 
total of 9,000 kg (Antaike Precious & Minor Metals Monthly, 
2012a, c; Klapwijk and others, 2012, p. 48). 

China remained one of the leading consumers of gold and 
in 2011, consumption was reported to be 761,000 kg, up 33% 
compared with consumption in 2010. Gold bar consumption 
reached 214,000 kg, which was 50% more than that in 2010. 
The consumption for gold ornamentation, including jewelry, 
was 457,000 kg and gold coins were 21,000 kg. Gold used in 
industrial uses, including electronics, was 53,200 kg, and gold 
used in other uses was 16,500 kg (Antaike Precious & Minor 
Metals Monthly, 2012b). 

Colombia.—In 2011, gold production increased by 4% 
compared with that in 2010. A substantial portion of the increase 
came from small-scale mines. The formal sector was also seeing 
gains from Mineros SA’s (El Bagre) Ye Mine, which continued 
to ramp up from its startup in 2010, and Gran Colombia Gold 
Corp.’s (Toronto) underground mines (Klapwijk and others, 
2012, p. 46). 

Côte d’Ivoire.—In 2011, production of gold was 9,870 kg, 
86% more than that in 2010, because of the ramp up of 
production at Randgold Resources Ltd.’s (London) Tongon 
Mine, which started production in the fourth quarter of 2010. 
The mine produced 7,790 kg of gold during the year, which 
was 6,910 kg more than 2010 production, and the mine was 
projected to produce 8,860 kg in 2012 (Randgold Resources 
Ltd., 2012, р. 40-45). 

Production at other mines in the country, Newcrest’s Bonikro 
Mine and СМЕ Gold plc's (London) Angovia Mine, were 
temporarily suspended because of civil unrest after the President 
declined to cede power in early 2011. Production resumed at 
Bonikro in May and reached full capacity in June. In 2011, the 
mine produced 1,880 kg of gold, 36% lower than that in 2010. 
Production at Angovia remained suspended because of depletion 
of existing reserves; however, the mine was still producing 
gold from residual leaching (Klapwijk and others, 2012, p. 43; 
Newcrest Mining Ltd., 2012). 

Egypt.—In 2011, gold production was 6,600 kg, up from 
5,000 kg in 2010. All of the production came from Centamin 
ріс” (London) Sukari Gold Mine, in the eastern desert of Egypt, 
which continued to ramp up production (Centamin plc, 2012, 

p. 1). 
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February 2011. Nevsun Resources Ltd. operated and owned 
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in 2011, Endeavour Mining Corp.’s (Monte Carlo, Monaco) 
Nzema Mine, which reached commercial production on April 1 
and produced 2,800 kg of gold for 2011, and Perseus Mining 
Ltd.’s (Subiaco, Western Australia, Australia) Edikan Gold 
Mine, which first produced gold on August 21 and produced 
1,440 kg of gold in 2011 (Endeavour Mining Corp., 2012; 
Perseus Mining Ltd., 2012, p. 1–5). 

Some of the increase was partially offset by production losses 
at other mines. Production of gold at Golden Star Resources 
Ltd.’s (Littleton, CO) Bogoso and Wassa Mines was 9,370 kg, 
15% less compared with 2010 production. The production was 
affected by higher than normal rainfall in 2011 (Golden Star 
Resources Ltd., 2012, p. 2, 9). Leading gold producer in Ghana, 
Gold Field’s Tarkwa Mine, produced 22,300 kg of gold, a slight 
decrease compared with that of 2010 owing to power supply 
interruptions and excessive rainfall. Gold Fields other mine in 
Ghana, the Damang Mine, produced 6,780 kg of gold, 4% less 
than 2010 production because of power supply interruptions 
(Gold Fields Ltd., 2012, р. 96-99). 

Guatemala.—Gold was produced at only one mine, 
Goldcorp’s Marlin Mine. In 2011, the mine produced 11,900 kg 
of gold, 29% higher than that of 2010 as the final high-grade 
portion of the open pit was mined. The mine was expected to 
transition into an underground operation, and production was 
projected to decrease in 2012 (Goldcorp Inc., 2012, p. 18). 

Indonesia.—1n 2010, gold production decline to 96,100 kg, 

a 1076 decrease compared with 2010 gold production. Some of 
the leading gold producers were copper mines that produced 
byproduct gold. Freeport McMoRan's Grasberg Mine and 
Newmont-operated Batu Hijau Mine account for 4796 

(44,900 kg) and 1096 (9,890 kg), respectively, of Indonesian 
gold production in 2011. Production at Grasberg was 2696 

lower than production in 2010 because of an 8-day strike in July 
followed by a 3-month strike that ended in December. Also, 
milling operations were temporarily suspended in the fourth 
quarter owing to damage to concentrate and fuel pipelines from 
civil unrest during the strike. In 2011, Batu Hijau's production 
was 57% less than 2010 production owing to processing lower 
grade stockpiled ore because the mine entered into a higher 
waste stripping phase (Freeport-McMoRan Copper & Gold Inc., 
2012, p. 40-41; Newmont Mining Corp., 2012, p. 30, 62). 

Kazakhstan.—In 2011, gold production was 36,700 kg, 2296 
more than 2010 production. The main reason for the increase 
Was the continued ramp up of Kazzinc J CS'sVasilkovskoje 
Mine, which started production in the second quarter of 
2010 and was a satellite mine of the Altyntau Kokshetau 
Mine. Kazzinc produced 13,300 kg of gold in 2011 from ore 
produced from their own mines and third party sources, which 
was 23% more than 2010 gold production. In April, Glencore 
International AG agreed to increase its stake in Kazzinc to 93% 
from 48.7% by purchasing most of Verny Investments SPA's 
48.796 shares for $3.2 billion (Glencore International AG, 2012, 
р. 53-54). 

Май.— п 2011, gold production was 35,700 kg, а slight 
decrease compared with 2010 gold production. The decreases 
were from the Yatela Mine, 25 km north of Kayes (AngloGold 
and IAMGOLD, 40% each, and the Government of Mali, 20%), 
which produced 2,260 kg of gold, а 52% decrease compared 
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with 2010 production. The mine was originally scheduled to 
close in 2011, although the life has been extended by opening 
Alamoutala, a new satellite deposit. Production decreased in 
2011 because of a reduction in ore grade processed (AngloGold 
Ashanti Ltd., 2012, p. 28, 64). Also, the Loulo Mine produced 
6,480 kg, 34% less than 2010 production owing to a decrease 
in ore grade. Randgold owned 8096 of the Loulo Gold Mine 


" and the other 20% was owned by the Government of Mali 


(Randgold Resources Ltd., 2012, p. 27—28). 

These decreases were partially offset by increases from the 
startup of production in June from Randgold's Gounkoto Mine, 
a satellite of Loulo Mine, which added 4,230 kg of gold and 
from the continued ramp up of the Resolute Mining Ltd.'s 
(Perth) Syama Mine and a 4% increase from the Sadiola Mine 
(AngloGold and IAMGOLD, 4196 each, and the Government 
of Mali, 18%) (AngloGold Ashanti Ltd., 2012, p. 61; Randgold 
Resources Ltd., 2012, p. 27—28). 

Mexico.—In 2011, Mexican gold production reached an 
alltime high of 84,100 kg, a 16% increase from 2010 production. 
Production increases from mines opened within the past 3 years 
was the principal factor in increased production. 

Goldcorp operated three mines in Mexico—E] Sauzal, Los 
Filos, and Penasquito. The Penasquito Mine started commercial 
production in September 2010 and in 2011 produced 7,900 kg, 
a 51% increase compared with 2010 production. In 2011, E] 
Sauzal produced 3,130 kg gold, a 34% decrease compared with 
gold production in 2010 owing to lower ore grades. The Los 
Filos Mine produced 11,400 kg of gold in 2011, 1996 more than 
that produced in 2010 because of higher tonnage mined and the 
higher ore grade (Goldcorp Inc., 2012, p. 49—53). 

Other mines that had increased production in 2011 were 
Agnico-Eagle's Pinos Altos Mine in Chihuahua State, which 
started production in 2009 and produced 6,360 kg of gold in 
2011, 5576 more than that in 2010 (Agnico-Eagle Mines Ltd., 
2012). Fresnillo plc's (London) Soledad-Dipolos Mine, which 
started up in 2010, produced 10,200 kg in 2011, 13% more than 
2010 production (Fresnillo plc, 2012, p. 56). 

Nicaragua.—All the country’s gold production came from the 
La Libertad and Limon Mines, which were owned by B2Gold 
Corp. (Vancouver). In 2010, the mines produced 4,500 kg 
of gold, which was 73% more than 2010 production Owing 
to improved mill throughput and increased gold recoveries 
(B2Gold Corp., 2012). 

Papua New Guinea.—In 2011, gold production from Papua 
New Guinea mines deacreased by 2,000 kg or 3% compared 
with that of 2010. Much of the decrease was from the leading 
gold-producing mine, Newcrest's Lihir Island operations, 
which produced 20,300 kg of gold, 19% less than that of 2010. 
Newcrest also owned 50% of the Hidden Valley Mine, which 
started production in late 2009, and produced 6,460 kg of gold 
in 2011, a 23% increasing from 2010 production (Newcrest 
Mining Ltd., 2012). Production at Ok Tedi Mining Ltd.'s 
(Tabubil) ОК Tedi Mine was 13,000 kg in 2011, 14% less than 
2010 production because of unscheduled mill downtime 
(Ok Tedi Mining Ltd., 2012, p. 4, 23). 

Barrick owned 95% of the Porgera Mine, and the Papua New 
Guinea Government held the remaining 5%. Barrick’s share of 
production was 15,600 kg of gold in 2011, which was 4% less 
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than 2010 production owing to lower average head grades from 
processing low-grade stockpiles (Barrick Gold Corp., 2012a, 
p. 70; b). 

Peru.—In 2011, gold production was 164,000 kg, which 
was the same as 2010 production. Newmont and Cia de Minas 
Buenaventura S.A.A. (Lima) jointly owned the Yanacocha Mine 
in the Cajamarca District, which produced 40,200 kg of gold 
in 2011, 12% less than that in 2010. The production decline 
was attributed to mine sequencing resulting in increased waste 
mining and lower grade ore (Newmont Mining Corp., 2012, 

. 89). 
i Barrick’s Lagunas Norte Mine produced 23,700 kg of 
gold in 2011, 9% less than production in 2010, because of 
processing less ore. The company was undergoing an expansion 
prefeasibility study on the deep sulfide ore and for an additional 
heap-leaching pad, which was expected to be completed in 
2012. The deep sulfides expansion was expected to startup in 
2016. Barrick’s other operation in Peru, the Pierina Mine, neared 
the end of its economic mine life produced 4,730 kg of gold, 
20% less than that in 2010 (Barrick Gold Corp., 2012a, 
p. 44; b). 

These decreases were offset by increases from mines that 
started in 2010 and 2011. Rio Alto Mining Ltd.’s (Vancouver) 
La Arena Mine commenced production in May 2011 and 
achieved commercial production in December (Rio Alto Mining 
Ltd., 2012, p. 8). Buenaventura owned or partly owned 11 other 
mines that produced gold in 2011. In 2011, excluding production 
from the Yanacocha Mine, Buenaventura produced 14,700 kg 
of gold, 8% more than production in 2010 because of the ramp 
up of La Zanja (53.06% owned by Buenaventura and 46.94% 
by Newmont), after pouring the first gold in September 2010. 
The Tantahuatay copper mine (Southern Copper Corp. owned 
44.25%, Buenaventura owned 40.1%, and local interests owned 
the remainder) started production in July 2011 (Cia de Minas 
Buenaventura S.A.A., 2012, p. 35). 

Russia.—In 2011, Russian gold production was 200,000 kg, 
6% more than 2010 production. Much of the growth in 
production was from new startups or the ramp up of mines that 
started in 2010. | 

The leading gold producer in Russia was Polyus Gold with 
46,500 kg of production from five mines and several alluvial 
deposits, an 8% increase compared with 2010 production. 

e was attributed to continued ramp up of 


Some of the increas ! про 
the Blagodatnoye Mine in the Krasnoyarsk Region, which in | 
2011 produced 11,300 kg, a 45% increase from 2010 production 


Mining Co., 2012, p. 19). 
gun n n from Polymetal International ple’s 
(St. Petersburg) 18 gold-producing mines In Russia was 
10.900 kg, 4% less than that in 2010. Production decreases were 
from the Khakanja and Voro operations. Some of the production 
decreases were offset by Amursk POX, which started in the 


second quarter 2010 (Polymetal International plc, 2012, 


Ё еу] the Киро! Mine (100% owned by Kinross) produced 
we k of gold equivalent, 12% less than production in 2010. 
ш, was lower because of a 26% decrease in ore grade 
Г 


ulting from planned mining sequencing (Kinross Gold Corp., 
res 


2012, p- F22). 
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In 2011, Petropavlovsk plc (London) produced 19,600 kg of 
gold, an increase of 24% compared with production in 2010. 
Petropavlovsk produced gold from four open pit mines (Albyn, 
Malomir, Pioneer, and Pokrovskiy), alluvial operations, and 
joint ventures. Much of the increase was attributed to the 
improved mining practices, higher grades, and the addition of 
a third resin-in-pulp processing plant at Pioneer. The startup of 
the Albyn Mine in December also increased total production. 
Some of this increase in production was offset by production 
losses at Pokrovskiy, where the mine was reaching its end of life 
(Petropavlovsk plc, 2012, р. 48—57). 

Solomon Islands.—The country began producing gold after 
Allied Gold Mining plc's (Milton, Queensland, Australia) Gold 
Ridge Mine began in March and produced 1,700 kg of gold in 
2011(Klapwijk and others, 2012, p. 47). 

South Africa. —Mine production in South Africa decreased 
for the ninth consecutive year to the lowest level since 1906. In 
2011, South Africa's gold production of 181,000 kg was a 4% 
decrease from that in 2010 owing to decreased ore grades and 
high mining costs from increased labor costs, higher electricity 
costs, and higher costs associated with deep-level shafts. Also, 
power supply issues, a workers strike in the third quarter of 
2011, and temporary closure of shafts owing to mine accidents 
continued to affect the industry (CPM Group, 2012, 

p. 113-121). 

In 2011, three companies operated mines that accounted for 
almost 80% of South African gold production. They were, in 
descending order of production, Gold Fields, AngloGold, and 
Harmony Gold Mining Co., Ltd. (Randfontein). 

In 2011, Gold Fields's three South African operations 
produced 53,500 kg of gold, 896 less than that in 2010. Safety 
related work stoppages reduced output at Beatrix Mine and 
Kloof Driefontein Complex and lower ore grades limited 
production at the South Deep Mine (Gold Fields Ltd., 2012, 
p. 78—87). 

AngloGold operated six deep-level mines and two surface 
operations in the West Wits and Vaal River regions that 
combined, produced 50,500 kg of gold in 2011, 9% less than 
that in 2010. The reason for the decrease in production was the 
work stoppages owing to safety issues, an industry wide strike 
in the third quarter, and a decision to stop mining the main shaft 
of Tau Tona in the West Wits because of safety risks 
(AngloGold Ashanti Ltd., 2012, p. P40). 

Harmony operated 12 underground mines, 2 surface — 
operations, and several other gold-producing operations In 
South Africa. In 2011, production from Harmony’s operations 
was 37,700 kg of gold, 394 less than that in 2010. Underground 
operations produced 3% less gold in 2011 than that of 2010. 
Much of the decrease came from Bambanani (1,920 kg less), 
Unisel (1,670 kg less), and Masimong ( 1,100 kg less). Some 
of this was offset by increases at Doornkop (947 kg morc), 

.In 2010, 
Kusasalethu (881 kg more), and Joel (855 kg more) те 
Harmony closed shafts at Bambanani, Masimong, and Unise 
because of mine accidents. In 2011, production from in 
operations decreased by 11% from 2010 production, ш 
resulted from lower ore grades (Harmony Gold Mining e» 


Ltd., 2012, p. 6-9). 
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Tanzania.—In 2011, gold production increased by 12% to 
44,000 kg, compared with 2010 production. The main reason for 
the increase was AngloGold’s Geita Mine production of 
15,400 kg of gold in 2011, which was 38% more than 
production in 2010. Improvement in ore grades was the main 
reason for the increase (AngloGold Ashanti Ltd., 2012, 

p. P67—P68). 

African Barrick Gold ple (London) (ABG), 73.9% owned by 
Barrick, owned shares in four gold mines. ABG’s share of gold 
production from Tanzania operations was 22,200 kg, a slight 
decrease from that in 2010. In 2011, Buzwagi Mine production 
was 6,110 kg of gold, 6% more than production in 2010, owing 
to higher ore grade; however, power disruptions hampered 
production. Production from Balyanhulu was up slightly 
compared with 2010 production. The North Mara Mine had a 
higher strip ratio and in 2011, production decreased by 19% 
compared with 2010 production. Production from the Tulawaka 
gold mine [70% owned by ABG and 30% owned by MDN Inc. 
(Montreal)] was 2,620 kg of gold in 2011, an increase of 40% 
compared with production in 2010 because of higher ore grade 
(African Barrick Gold plc, 2012, p. 30-37). 

Turkey.—Gold production was 24,000 kg, an increase of 4196 
compared with that of 2010 because of a full year of production 
from Alacer Gold Corp.'s (Englewood, CO) Cópler Mine, which 
produced 5,770 kg of gold in 2011, after achieving its first pour 
in late December 2010 (Alacer Gold Corp., 2012). Production 
increases also came from Eldorado Gold Corp.'s (Vancouver) 
Kisladag Mine, the leading gold mine in Turkey, which 
produced 8,850 kg of gold, 496 more than that in 2010, and from 
the startup of production from Eldorado's Efemcukuru Mine 
(Eldorado Gold Corp., 2012). 

Uzbekistan.—In 2011, gold production increased slightly 
because of expansion of the mining fleet and the commissioning 
of an in-pit conveyor at Navoi Mining and Metallurgical 
Combine's Muruntau open pit. The new conveyor, which moved 
ore from the bottom of the pit to the new 270-meter-level 
reloading station, increased ore throughput and gold production 
(Klapwijk and others, 2012, p. 50). 


Outlook 


Worldwide and domestic gold production was expected to 
Increase in 2012 because of new mines starting production 
and older mines expanding production, however, ore grades 
are expected to continue to decrease with higher gold prices 
because lower grade material will be considered valuable 
ore. Gold consumption was expected to continue to increase 
because jewelry consumption in China and India was expected 
to continue to increase. The increases in China and India were 
likely to outpace the declines in jewelry consumption in the 
rest of the world and from decreases in consumption in other 
end uses because of high gold prices. Investment in gold in 
various forms was expected to continue to increase as investors 
purchase gold as a safe haven, a hedge against economic 
failures, a portfolio diversifier, and as a store of wealth. 
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; TABLE 1 


SALIENT GOLD STATISTICS! 
2007 2008 2009 2010 2011 
| United States: 
i Production: 
| Mine: 
| Quantity kilograms 238,000 233,000 223,000 231,000 234,000 
| Value thousands $5,350,000 $6,550,000 $7,000,000 $9,130,000 $11,800,000 
Gold recovered by cyanidation: 
Extracted in vats, tanks, closed containers’ kilograms W W W W W 
Leached in open heaps or dumps? do. 202,000 ' 197,000 ' 185,000 ' 193,000 201,000 
_____--еаслса in open heaps Ordumps QOO. д О 1000 125,000 — 201,000 _ 
Refinery: 
Concentrates and dore do. 176,000 168,000 170,000 175,000 220,000 
у Recycled materials (new and old scrap) do. 135,000 181,000 189,000 198,000 263,000 
Exports, refined do. 392,000 459,000 281,000 295,000 403,000 
" Imports for consumption, refined do. 113,000 118,000 127,000 199,000 143,000 
i Net deliveries from foreign stocks in Federal Reserve Bank of 
New York do. 189,000 220,000 — — 3,670 
Stocks, December 31: 
| Industry do. 1,140 W 9.200 6,810 6,470 
—————Q—————————— REM ар Ау. Жш. ON OD. 
Gold exchange traded funds holdings, United States only do. 683,000 847,000 1,220,000 1,450,000 1,500,000 
COMEX do. 229,000 265,000 305,000 361,000 353,000 
i U.S. Department of the Treasury metric tons 8,140 8,140 8,140 8,140 8,140 
U.S. Gold Futures Trading? do. 77,900 11,900 110,000 139,000 153,000 
Consumption: 
American Buffalo Bullion gold coin’ kilograms 4,250 5,890 6,220 6,500 5,430 
American Eagle gold coin’ do. 12,800 35,600 44,300 38,000 34,100 
In industry and the arts do. 180,000 176,000 173,000 © 180,000 168,000 


Price, average? dollars per troy ounce 698.95 873.50 974.68 1,227.51 


1,572.48 


Employment, mine and mill only? 9,130 9,560 9,650 10,300 * 11,200 
World: 
mi. LAINE ET CE ee ee ee 


Production, mine kilograms 
Official bullion reserves 
| ‘Estimated. "Revised. do. Ditto. W Withheld to avoid disclosing company proprietary data. -- Zero. 
| "Data are rounded to no more than three significant digits, except prices. 
“May include small quantities recovered by gravity methods. 
Мау include tailings, waste-ore dumps, and previously mined ore at some inactive mines. 
<Unfabricated refined gold held by refiners, fabricators, dealers, and the U.S. Department of Defense. 
"Data from CPM Group. 
"COMEX only. 
‘Data from U.S. Mint. 
"Engelhard quotation. 
"Data from the Mine Safety and Health Administration. 
Held by central banks, governments, and international monetary organizations. Data from the International Monetary Fund. 


2,350,000 2,280,000 2,490,000 ' 2,570,000 ' 


TABLE 2 
MINE PRODUCTION OF GOLD IN THE UNITED STATES, BY STATE! 


(Kilograms) 
State 2010 2011 
Alaska 28,100 25,800 
Nevada 166,000 172,000 
Other States? 36,900 36,100 
Total 231,000 234,000 


о ДУ 254000 
„Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes Arizona, California, Colorado, Idaho, Montana, New Mexico, 

South Dakota, Utah, and Washington. 
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10 metric tons 29,900 28,700 30,400 г 30,700 ' 


2,660,000 * 


31,100 


31.15 


31.16 


TABLE 3 
LEADING GOLD-PRODUCING MINES IN THE UNITED STATES IN 2011, INORDER OF OUTPUT’ 


а ЇЙ С СЕЕ =_= 


Quantity 
Rank Mine County and State Majority owner (kilograms) 
1 Nevada Operations” Various, NV Newmont Mining Corp. 54,151 
2 Cortez’ Lander, NV Barrick Gold Corp. 44,198 
3 Goldstrike" Elko and Eureka, NV do. 33,841 
4 Bingham Canyon” Salt Lake, UT Kennecott Utah Copper Corp. 11,788 
5 Smoky Valley Common Operation Nye, NV Kinross Gold Corp. 11,329 
6 Pogo Southeast Fairbanks, AK Sumitomo Metal Mining Co. 10,053 
7 Fort Knox Fairbanks North Star, AK Kinross Gold Corp. 9,014 
8 Cresson Teller, CO AngloGold Ashanti Ltd. 8,305 
9 Turquoise Ridge Humboldt, NV Barrick Gold Corp. 5,599 
10 Kettle River-Buckhorn Окапорап, МА Kinross Gold Corp. 5,452 
ll Mesquite Imperial, CA New Gold Inc. 4,914 
12 Marigold Humboldt, NV Goldcorp Inc. 4,759 
13 Ruby Hill Eureka, NV Barrick Gold Corp. 3,950 
14 Bald Mountain White Pine, NV do. 2,893 
15 Kensington Juneau, AK Coeur d’Alene Mines Corp. 2,750 
16 Hycroft Humboldt and Pershing, NV Allied Nevada Gold Corp. 2,743 
17 Hollister Elko, NV Great Basin Gold Ltd. 2,691 
18 Jerritt Canyon do. Yukon-Nevada Gold Corp. 2,107 
19 Wharf Lawrence, SD Wharf Resources (USA) Inc.’ 2,099 
20 Golden Sunlight Jefferson, MT Barrick Gold Corp. 1,928 
21 Greens Creek Juneau, AK Hecla Mining Co. 1,781 
22 Briggs Inyo, CA Atna Resources Ltd. 1,353 
23 Robinson White Pine, NV Quadra FNX Mining Ltd. 927 
24 Rochester Pershing, NV Coeur d’Alene Mines Corp. 195 
(8) Denton-Rawhide Mineral, NV Rawhide Acquisition Holdings NA 
(8) Florida Canyon Pershing, NV Jipangu Inc. NA 
Ф Mission Complex Pima, AZ ASARCO LLC” NA 


do. Ditto. NA Not available. 

!Data are rounded to no more than three significant digits; the mines on this list accounted for more than 99% of U.S. mine production in 2011. 
"Includes Carlin East, Gold Quarry, Leeville, Midas, North Lantern, Pete, Phoenix, and Twin Creek Mines. 

Includes Cortez Hills and Cortez Pipeline Mines. 

^Includes Storm Mine. 

‘Quantity refers to total quantity of gold produced in concentrates. 

6Wholly owned subsidiary of Rio Tinto plc. 


7Wholly owned subsidiary of Goldcorp Inc. 
*The rank order is not shown to avoid disclosing company proprietary data. 


Wholly owned subsidiary of Grupo México, S.A.B. de C.V. 


Sources: Company annual reports, company 10-K reports submitted to the U.S. Securities and Exchange Commission, company news 


releases, and Nevada Bureau of Mines and Geology. 
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Dore and precipitates Refined bullion Total 
Quantity Value Quantity Value Quantity Value Quantity Value 
Year and country (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) (kilograms) ^ (thousands) 
2010 3,460 $102,000 84,400 — $3,160,000 295,000 — $11,400,000 383,000 $14,700,000 
2011: 
Australia 157 8,060 -- -- 18,000 633,000 18,200 641,000 
Austria -- -- -- -- 21 985 21 985 
Belgium 43 1,800 -- -- 1 45 44 1,850 
Brazil -- — -- а 899 39,600 899 39,600 
Сапада 28 574 351 15,400 1,090 53,200 1,460 69,200 
China 2,420 88,100 -- -- 2,740 156,000 5,150 244,000 
Costa Rica 245 5,400 — -- — — 245 5,400 
Егапсе 2 10 -- -- 63 2,200 65 2,210 
Germany 1,340 58,600 -- - 92 3,820 1,440 62,400 
Guatemala -- -— 13 567 -- — 13 567 
Нопр Копе 65 3,350 -- -- 111,000 5,630,000 111,000 5,640,000 
India 31 1,080 -- -- 15,500 768,000 15,500 770,000 
Indonesia -- -- -- -- 9 421 9 421 
lreland 79 1,400 -- -- 29 796 108 2,200 
Italy 2 26 -- -- 122 5,140 123 5,170 
Japan 21 947 -- -- 557 25,300 577 26,300 
Korea, Republic of 102 5,330 -- -- -- - 102 5,330 
Laos T ТЕ -- -~ 21 872 21 872 
Malaysia = -- -- -- 180 8,420 180 8,420 
Mexico 3,840 107,000 -- -- 1,320 56,000 5,160 163,000 
Netherlands Antilles -- = 6 238 = = 6 238 
Oman ae = — = 589 27,000 589 27,000 
Pakistan 22 m -- -- 30 1,370 30 1,370 
Peru ET E = -- 24 1,070 24 1,070 
Poland 1 8 ss -- 4 193 5 201 
Singapore = = -- -- 1,080 52,200 1,080 52,200 
South Africa ee = = -- 11,900 530,000 11,900 530,000 
Switzerland 7 292 52,600 2,100,000 52,500 2,240,000 105,000 4,350,000 
Thailand 4 23 -- -- 21,200 1,060,000 21,200 1,060,000 
Turkey 22 Уа = -- 2,510 109,000 2,510 109,000 
United Arab Emirates -- -- 9,450 307,000 877 38,100 10,300 345,000 
United Kingdom 7 140 143 2,790 161,000 8,140,000 161,000 8,140,000 
.. Uruguay = = 136 6,300 -- = 136 6,300 
Vietnam ES = - -- 19 489 19 489 
Other 9 101 2 72 9 329 20 501 


TABLE 4 
U.S. EXPORTS OF GOLD, BY COUNTRY"? 


Ores and concentrates" ipi „4 
as and concentrates _ __Joreand precipitates Refined bullion? — Tong] — 


22,300,000 


Toal 78400 28200 62800 2,430,000 403,000 19,600,000 474000 22,300,000 


— Zero. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


“Ash and residues data were zero for listed years. 


“Includes base-metal ores, concentrates, and matte destined for refining. 
“Bullion also moves in both directions between U.S. markets and foreign stocks on deposit in the Federal Reserve Bank. Monetary gold is excluded. 


Source: U.S. Census Bureau. 
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TABLE 5 


U.S. EXPORTS OF GOLD, BY COUNTRY! 


5 


155 


11 


105 


Waste and scrap Metal powder Gold compounds 
Quantity Value Quantity Value Quantity Value 
Year and country (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) 
2010 660,000 $2,180,000 2,340 74,700 4,270,000 $107,000 
2011: 
Australia 1 5 (2) 10 458 8 
Austria -- = - -- 1,070 19 
Bahamas, The -- -- -- -- 300 5 
Сапада 88,700 1,600,000 40 684 670,000 12,100 
Chile - -- -- -- 1,870 34 
China — -- 2 36 519,000 16,100 
Costa Rica -- -- 4 138 — == 
Czech Republic 7 115 -- — — = 
Рептагк 20 155 -- -- — бк 
Dominican Republic 26 549 3 28 168,000 3,020 
Ecuador = - S m 213 17 
France Е = 6 166 4,070 73 
Germany 144,000 50,000 10 181 13,000 233 
Guatemala -- = 13 336 == -— 
Haiti as 35 <> = 849 15 
Hong Kong 168 1,620 33 811 11,700 207 
India -- · 147 4,370 8,900 160 
Ireland = 25 => Ма 1,180 21 
Israel -- - 12 488 1,600 29 
Italy 14,700 22,200 -- — 194 4 
Јарап 291 12,700 97 2,570 290 8 
Korea, Republic of 6,090 122 = = 13,800 249 
Lebanon E 3 T us 167 3 
Malaysia -- == Rr 22 440,000 10,800 
Mexico (2) 5 21 646 620,000 11,200 
Netherlands -- zn - T 81,600 1,470 
Norwa Ра = 2: es 305 5 
Рапата -- vs 1 9 170 3 
Saudi Arabia ЗЕ e UE M 309 6 
Singapore 4 4 14 269 1,230,000 40,500 
Spain -- -- 1 4 319 6 
Switzerland 111,000 5,480,000 (2) 7 165 3 
Taiwan -- -- 10 301 122,000 2,200 
Thailand 3 25 1 29 3,240 58 
Trinidad and Tobago - SE = ge 439 12 
United Arab Emirates 1,800 52,200 92 3,240 == = 
United Kingdom 260,000 292,000 152 4,640 11,100 203 
Vietnam -— Ae КЭР — 350 12 
Other 


-— 


_Other —— 7 ЗА 
Total 626,000 7,510,000 670 19,100 3,930,000 98,700 
-Zeo SS 60 _ 1910 3,930,000 98,700 


| 
„Deta are rounded to no more than three significant digits; may not add to totals shown. 
Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF GOLD, BY COUNTRY! 


Ores and concentrates” ipi - 3 
meeps | _ Вей bullion’ Total 


„Data are rounded to no more than three significant digits; may not add to totals shown. 


“Includes base-metal ores, concentrates, and matte destined for refining. luded. 
"Bullion also moves in both directions between U.S. markets and foreign stocks on deposit in the Federal Reserve Bank. Monetary gold is exclude 


Source: U.S. Census Bureau. 
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Dore and precipitates Refined bullion Total 
Quantity Value Quantity Value Quantity Value Quantity Value 
Year and country (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) (kilograms) ^ (thousands) 
2010 257,000 $58,000 148,000 — $4,520,000 199,000 — $7,020,000 604,000 $11,600,000 
2011: 
Argentina -- -- 4,660 9,060 - -- 4,660 9,060 
Aruba -- -- 41 1,820 -- - 41 1,820 
Australia 2 37 -- -- 2,860 156,000 2,860 156,000 
Bahamas, The -- — 48 1,740 1 20 49 1,760 
Barbados -- -- 91 2,470 1 48 93 2,520 
Belgium — — 3 134 16 720 19 855 
Benin -— — -- -- 38 1,280 38 1,280 
Bolivia -- -- 2,780 145,000 194 9,280 2,980 154,000 
Brazil -- -- 1 62 3,520 167,000 3,520 167,000 
Burkina Faso -- -- -- — 67 1,900 67 1,900 
Сапада 4,660 13,000 384 17,800 69,800 3,300,000 74,900 3,330,000 
Chile -- -- 1,830 95,500 3,050 147,000 4,880 242,000 
Colombia -- -- 35,600 1,520,000 5,400 256,000 41,000 1,780,000 
Congo (Kinshasa) -- — -- -- 107 2,920 107 . 2,920 
Costa Rica -- -- 334 13,500 -- -- 334 13,500 
Cote d’Ivoire -- -- -- -- 23 780 23 780 
Сигасао -- -- 7,530 397,000 1 97 7,530 397,000 
Dominican Republic -- -- 571 25,500 144 3,390 715 30,800 
Ecuador — -- 316 14,800 126 5,520 442 20,300 
El Salvador = -- 3 72 2 115 5 187 
Егапсе ТЕ € -- - 229 10,400 229 10,400 
Germany -- -- 2 79 445 19,400 447 19,500 
Ghana - -- 68 2,140 61 2,190 129 4,330 
Guatemala - -- 2,960 140,000 -- — 2,960 140,000 
Guinea — -- 3 130 128 2,530 131 2,660 
Guyana -- -- 3,550 179,000 2,130 106,000 5,680 285,000 
Honduras -- -- 847 32,000 1,250 60,100 2,100 92,100 
Hong Kong -- 2m -- -- 222 11,500 222 11,500 
Israel z$ p -- -- 33 1,540 33 1,540 
Italy is e — -- 28 1,630 28 1,630 
Jamaica — -- 293 10,100 27 594 320 10,700 
Mali = -- 1 42 11 347 12 389 
Мехїсо 198,000 99,800 84,300 3,640,000 46,000 1,450,000 329,000 5,180,000 
Netherlands -- -- 403 20,000 — -- 403 20,000 
Netherlands Antilles = -- 2,540 112,000 476 19,300 3,010 131,000 
New Zealand ша -- 1 38 12 380 14 418 
Nicaragua -- -- 1,710 86,400 8 243 1,720 86,600 
Рапата = -- 327 15,300 599 20,600 926 36,000 
Рагарџау Е E i = 42 2,330 42 2,330 
Peru 63 2,730 9,210 415,000 228 11,800 9,500 429,000 
Philippines -- -- 34 1,340 z за 34 1,340 
South Africa са 2 = 2и 349 15,500 349 15,500 
Sweden " =. af -- 22 550 22 550 
Switzerland us Ва 16 783 4,170 201,000 4,180 202,000 
Taiwan 22 = 2 B 26 359 26 359 
Trinidad and Tobago -- -- 7 192 3 79 10 271 
United Arab Emirates - - - == 25 ee 2 ae 
United Kingdom " FE е5 -- 1,220 20,700 1,220 20,700 
Venezuela = -- 246 12,600 2 66 248 12,600 
Other = = 24 1,190 17 897 41 2,090 
Total 203,000 115,000 161,000 6,910,000 143,000 6,010,000 507,000 13,000,000 
-- Zero. 
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TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF GOLD, ВУ СООМТВУ! 


Waste and scrap Metal powder Gold compounds 


Quantity Value Quantity Value Quantity Value 


Year and country (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) 
2010 46,100 $722,000 652 $11,500 43,500 $1,480 


2S 500 43,500 $1480 
2011: 
Antigua and Barbuda 44 682 - d ж x 
Aruba 176 2,430 -- - e ~ 
Bahamas, The 401 6,070 - = = Е 
Barbados 53 836 - ~ s х 
Belize 37 397 -- - -- = 
Bermuda 326 4,590 - = E = 
Bolivia 530 17,700 -- = i x 
Canada 20,800 202,000 20 511 Ss = 
Cayman Islands 77 1,350 -- RE Ез E 
Chile 131 4,020 -- = = a 
China 42 657 -- = Ж Е 
Colombia 55 2,390 -- = У“ т 
Costa Rica 2,440 38,800 - = — ~ 
Curacao 97 2,990 - ше x = 
Czech Republic 51 661 -- -- = iw 
Dominican Republic 10,700 200,000 5 70 m Bn 
Ecuador 97 2,380 -- = = m 
El Salvador 3,910 90,500 — -- = = 
French Polynesia 70 1,150 -- - e Е 
Gabon 10 204 -- -- - = 
Germany 2 24 179 1,980 11,400 400 
Ghana -- -- 58 1,290 = а 
Guatemala 1,730 22,300 -- — = Bi 
Honduras 3,820 88,500 -- -- = a 
Hong Kong 7 200 -- — -- = 
Ireland 45 442 -- -- = = 
Кају 141 2,800 (2) 10 = 5 
Јатаіса 665 11,200 -- -- -- = 
Japan -- io | 12 25,200 1,170 
Korea, Republic of 787 14,000 (2) 5 = E 
Malaysia 15 229 -- -- = Е 
Мехісо 6,480 55,700 65 899 = т 
Netherlands 15 392 -- -- = Es 
Netherlands Antilles 110 2,730 -- -- aS Е 
Nicaragua 1,780 40,900 3 93 -- F 
Panama 622 15,800 -- -- = Е 
Peru 49 124 - 4 -- S 
_ Philippines 431 2,260 = Е - 
. Sama ~~~ 33 179 = Е -- = 
~ Sao Tome and Principe ^ ^ Г pe - _ К = 
Siera Leone -— : : л m | | 
Singapore 38 234 m ES us = 
_ Sint Maarten — — — —— 132 2,410 н - 
Па С » вр н - 
St. Lucia 49 495 -- -- == = 
Switzerland — — —— : у S. ж : - 
Taiwan 44 1,990 = -- -- xz 
_ Trinidad and Tobago — ^ 19 256 а 2: = = 
Полей Kingdom — — — 26 50 I3 аа 1060 58 
Venezuela 2 101 г = ES К 
EC о оа 56 929 
А 9 


Source: U.S. Census Bureau. 
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(Kilograms) 

—— omy m 28 — 3398. o — 
Age оов 66 ggg ÀM ,- 
Argentina 42,021 42,046 46,588 63,138 ' 59,000 
Armenia 1,300 * 1,359 944 2,000 2,200 
Australia 247,000 * 215,000 224,000 261,000 * 258,000 ? 
Azerbaijan = S 353 1,900 1,775 3 
Belize® 5 5 5 = - 
Benin? 19 20 20 20 20 
Bolivia 8,818 8,406 7,217 6,394 6,513 ? 
Botswana“ 2,800 3,300 2,000 1,774 °З 1,800 
Brazil 49,613 54,666 60,330 ' 62,047 ' 62,100 Р 
Bulgaria 3,964 4,160 4,482 4,400 "• 4,400 
Burkina Faso 2,250 6,033 ' 11,581" 22,939! 31,774? 
Burma? 100 100 100 100 100 
Burundi® 750 750 750 750 750 
Cameroon? 1,500 1,500 1,600 1,600 1,600 
Canada 102,211 95,004 97,367 91,024 96,726 ? 
Central African Republic? 10 43 6l 60 100 
Chad* 150 100 100 100 100 
Chile 41,527 39,162 40,834 39,494 ' 45,317 ? 
China* 275,000 285,000 320,000 345,000 362,000 
Colombia 15,482 34,321 47,837 53,605 55,908 ? 
Congo (Brazzaville) 100 100 100 150 ' 150 
Congo (KinshasaY 5,100 3,300 3,500 3,500 3,500 
Costa Rica 2,065 154 209 200 * 100 
Cote d'Ivoire 1,243 4,205 ' 6,947 ' 5,310 € 9,871 3 
Denmark? 1,861 1,665 1,117 eut 153 ? 
Dominican Republic i5 47 375 500 < 500 
Ecuador 3,186 800 2,092 2,000 2,000 
Egypt = ы 95° 5,000 ' 6,600 
Equatorial Guinea* 200 200 200 200 200 
Eritrea* 30 30 30 500 ' 12,000 
Ethiopia’ 4,368 3,465 ' 6,251 ' 5,936 ' 11,000 
Fiji 837 871 1,040 1,856 1,622 3 
Finland® 5,000 5,000 7,000 7,000 7,000 
Егапсе“ 1,500 1,500 1,500 1,500 1,500 
French Ошапа“ 2,000 2,000 2,000 2,000 2,000 
Сађопе È 300 300 300 300 300 
Georgia® 2,000 2,000 2,000 2,000 2,100 
Ghana 72,209 72,980 79,883 76,332 ' 80,122 3 
Greece ie 400 500 500 600 
Guatemala 7,497 7,837 8,897 9,213" 11,898 3 
Guinea 15,628 19,945 18,091 15,217 15,695 3 
Guyana 7,412 8,131 9,492 ' 9,594 ' 9,600 Р 
Honduras 3,275 2,561 2,127 2,200 2,000 
India’ 3,000 ° 2,700 2,800 2,700 * 2,600 
Indonesia!® 117,851 64,390 140,488 ' 106,316 ' 96,100 
Iran 252 303 ' 340 ' 34] ^* 400 
Кају“ 450 450 450 450 450 
Јарап 8,869 6,868 7,708 8,544 ' 8,691 3 
Kazakhstan 22,564 20,825 22,839 ! 29,941 36,670 3 
Kenya 3,023 340 1,055 2,035 ' 2,100 
Korea, North* 2,000 2,000 2,000 2,000 2,000 
Korea, Republic of 162 175 274 300 * 200 
Kyrgyzstan | 10,559 18,132 16,950 18,300 18,500 
Laos 5,137 4,333 5,033 5,061 5,100 
Liberia 311° 624 524 666 ' 469 3 
Майараѕсаг!! [* 50° 31° 15 5° ps 
See footnotes at end of table. 
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TABLE 8—Continued 
GOLD: WORLD MINE PRODUCTION, BY COUNTRY ^"? 


(Kilograms) 
as ee a Fe a ee E E E E 
С 
ыз E  — i38. — — 348 — — 234 i — AAT 
Mali , , 2,794 3,766 f 4215 3 
al 48,850 41,160 42,364 36,360 ' 35.728 3 
Mauritania 2,251 6,254 8,000 8,325 ' 8.200 
Mexico 39,355 50,365 51,393 72,596 84,118 3 
Mongolia 17,473 15,184 9,803 6,037 5,703 3 
Могоссо“ 1,200 1,200 1,200 1,200 1,200 
Mozambique 97 298 511 106 ' 500 
Namibia 2,496 2,126 2,022 2,675 2,053 ? 
New Zealand 10,638 13,402 13,442 13,494 ' 14,324 3 
Nicaragua 3,300 2,960 2,590 2600 4,500 
Niger | | 3,427 2,314 1,985 ' 1,596 € 1,453 3 
Nigeria 180 200 600 600 600 
Panama _____________--- = = 800 1,300 * 2,100 
Pape New Guinea 57,549 67,463 67,800 68,000 ^* 66,000 
Peut 170,236 179,870 182,403 164,084 ' 164,013 3 
Philippines 38,792 35,726 37,047 40,847 41,000 
Poland" 500 " 500 * 500 ' 500 ' 500 
Romania" 400 400 400 400 400 
Russia" 156,975 172,031 192,832 189,000 ' 199,642 ? 
Rwanda! -- ' 40 ' 30 ' 3° 4 
Saudi Arabia 4,440 4,527 4,857 ' 4,476 ' 4,500 
Senegal 600 ° 600 * 5,055 € 4,381 € 4,089 3 
Serbia _________----- 500 712' 452° 356° 360 
Sierra Leone ________--- 212 ° 196 157 270 ' 164 3 
Slovakia o eee 198 92 346 340 * 300 
Solomon Islands ________-- = - - 1,700 
South Africa __________---- 252,598 212,571 * 197,628 188,701 181,000 
Su у ete eee 3,500 ° 3,400 3,450 3,500 * 3,500 Р 
ЯНИЕ 6,049 ' 7,508 ' 14,914 ' 26,317 ' 23,379 ° 
Suriname ________------ 9,360 9,798 16,497 ' 20,686 ' 21,000 ? 
Sweden _____-_-------------- 5,000 5,000 5,000 5,000 5,000 
Tajikistan 2,000 1,672 1,361 2,049 2,240 
Tanzania 40,193 36,434 39,112 39,448 ' 44,000 
Thailand _________------ 3,401 2,721 5,400 4,215 ' 4,500 
Turkey _______---- 9,920 11,016 14,469 17,000 * 24,000 
Uganda ________-------- 1,600 1,500 1,600 1,600 1,500 
United Kingdom _______------ -- 164 185 171 * 202 
Gia eee 238,000 233,000 223,000 231,000 234,000 | 
У ООО 2,820 2,182 1,690 " 1,736 " 1,725 
Uzbekistan _____------- 85,000 85,000 90,000 90,000 91,000 
Venezuela 10,100 10,100 ° 11,880 12,000 ° 12,000 
Vienam _____-------- 3,000 3,000 3,000 3,500 3,500 
Zambia 1,270 1,930 3,100 3,400 ° зоо, 
Zimbabwe 6,750 ' 3,579 4,965 ' 9,100 ' 12,824 __ 
Total 2,350,000 2,660,000 
*Estimated. Preliminary. "Revised. — Zero. 
ed to no more than three significant digits; may not add to totals shown. 


and estimated data are round 


!World totals, U.S. data, 
lable through July 16, 2012. 


arable includes data aval 
Reported figure. | " 
‘Officially reported figures are as follows, in kilograms: Major comp | | 
(revised), 2010—55,292 (revised); and 201 509307 Сагітріегоѕ: 2007—5,170 (revised); 2008—8,600 (revised); 
2010—6,455 (revised); and 2011—7,650 (estimated). 

ЗА production from Greenland. 
Includes undocumented artisanal 
"Year ending July 7 of that stated. 
SUndocumented artisanal production. 


Refinery output. 


anies: 2007—44,443 (revised); 2008—46,066 (revised); 2009—52,207 
2009—8,123 (revised); 


production. 
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TABLE 8— Continued 
GOLD: WORLD MINE PRODUCTION, BY COUNTRY "2 


"Excludes production from so-called people's mines, which may be as much as 20,000 kilograms per year, but includes gold recovered as 
byproduct of copper mining. 

Reported exports. 

"Includes documented production from placer artisanal production. | 

ЗМше output including gold recovered as a byproduct, but excludes secondary gold production, which for Russia, in kilograms, was 2007— 
5,867; 2008— 8,140; 2009—14,534; 2010—12,592 (revised); and 2011— 9,334. 
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GRAPHITE 


By Donald W. Olson 


Domestic survey data and tables were prepared by Mahbood Mahdavi, statistical assistant, and the world production table 


was prepared by Lisa D. Miller, international data coordinator. 


In 2011, there was no reported domestic production of 
natural graphite, but U.S. production of synthetic graphite 
was estimated to be 148,000 metric tons (t) valued at about 
$1.05 billion. U.S. exports and imports of natural graphite 
were estimated to be 6,280 t and 71,800 t, respectively. U.S. 
exports and imports of synthetic graphite were estimated to be 
53,900 t and 79,700 t, respectively. U.S. apparent consumption 
of natural and synthetic graphite was estimated to be 65,500 t 
and 173,000 t, respectively. 

This report includes information on U.S. trade and use of 
natural graphite and U.S. production, trade, and use of synthetic 
graphite. Trade data in this report are from the U.S. Census 
Bureau. All percentages in the report were computed using the 
unrounded data. 

Graphite is one of four forms of crystalline carbon; the others 
are carbon nanotubes, diamonds, and fullerenes. In graphite, 
the carbon atoms are densely arranged in parallel-stacked, 
planar honeycomb-lattice sheets. When the graphite structure 
is only a one-atom-thick planar sheet, it is called graphene. 
Graphite is used to produce graphene. Graphene is extremely 
light and strong (Topf, 2012). Graphite is gray to black in color, 
opaque, and usually has a metallic luster; sometimes it exhibits 
a dull earthy luster. Graphite occurs naturally in metamorphic 
rocks. It is a soft mineral with a Mohs hardness of 1 to 2, and it 
exhibits perfect basal (one-plane) cleavage. Graphite is flexible 
but not elastic, has a melting point of 3,927 ?C, and is highly 
refractory. It has a low specific gravity. Graphite is the most 
electrically and thermally conductive of the nonmetals and is 
chemically inert. All these properties combined make graphite 
desirable for many industrial applications, and both natural and 
synthetic graphite have industrial uses. 

There are three types of natural graphite—amorphous, flake 
or crystalline flake, and vein or lump. Amorphous graphite is 
the lowest quality and most abundant. Amorphous refers to its 
very small crystal size and not to a lack of crystal structure. 
Amorphous is used for lower value graphite products and is 
the lowest priced graphite. Large amorphous graphite deposits 
are found in China, Europe, Mexico, and the United States. 
Flake or crystalline form of graphite consists of many graphene 
sheets stacked together. Flake or crystalline flake graphite is 
less common and higher quality than amorphous. Flake graphite 
occurs as separate flakes that crystallized in metamorphic rock. 
Flake graphite can be four times the price of amorphous. Good 
quality flakes can be processed into expandable graphite for 
many uses, such as flame retardants. The foremost deposits 
are found in Austria, Brazil, Canada, China, Germany, and 
Madagascar. Vein or lump graphite is the rarest, most valuable, 
and highest quality type of natural graphite. It occurs in 
veins along intrusive contacts in solid lumps, and it is only 
commercially mined in Sri Lanka (Moores, 2007). 
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Natural graphite is mined from open pit and underground 
mine operations. Production from open pit operations is 
less expensive and is preferred where the overburden can be 
removed economically. Mines in Madagascar are mostly of 
this type. In Mexico, the Republic of Korea, and Sri Lanka, 
where the deposits are deep, underground mining techniques 
are required. 

Beneficiation processes for graphite may vary from a | 
complex four-stage flotation at European and United States 
mills to simple hand sorting and screening of high-grade ore 
at Sri Lankan operations. Certain soft graphite ores, such as 
those found in Madagascar, need no primary crushing and 
grinding. Typically, such ores contain the highest proportion of 
coarse flakes. Ore is sluiced to the field washing plant, where it 
undergoes desliming to remove the clay fraction and is subjected 
to a rough flotation to produce a concentrate with 60% to 70% 
carbon. This concentrate is transported to the refining mill for 
further grinding and flotation to reach 8596 carbon. It is then 
screened to produce a variety of products marketed as flake 
graphite that contain 75% to 90% carbon. 


Production 


The U.S. Geological Survey (USGS) obtained the production 
data in this report through a voluntary survey of U.S. synthetic 
graphite producers. The survey of U.S. synthetic graphite 
producers collected data from 10 of 17 canvassed producers. 
Data were estimated for the producers that did not respond 
to the survey based on responses received in previous years, 
industry production trends, reports from other industry sources, 
and discussions with consultants within the graphite industry. 

No natural graphite was reported mined in the United States 
in 2011, but 148,000 t of synthetic graphite with an estimated 
value of $1.05 billion was produced and shipped (tables 1, 3). 

The first process to produce synthetic graphite was invented 
in the mid-1890s by Edward Goodrich Acheson. He discovered 
that by heating carborundum to high temperatures, at about 
4,150 °C (7,500 °F), the silicon vaporizes, leaving behind 
almost pure graphitic carbon. Synthetic graphite electrodes 
that carry the electricity that melts scrap iron and steel or 
direct-reduced iron in electric arc furnaces are made from 
petroleum coke mixed with coal tar pitch. The mixture is 
extruded and shaped, then baked to carbonize the pitch, and 
finally graphitized by heating it to temperatures approaching 
3,000 ?C, to convert the carbon to graphite. Synthetic graphite 
powder is made by heating powdered petroleum coke above the 
temperature of graphitization (3,000 °C), sometimes with minor 
modifications (Kopeliovich, 2012). 


Consumption 


The USGS obtained the consumption data in this report 
through a survey of natural graphite companies in the United 
States. The survey of natural graphite companies collected 
data from 50 of 94 canvassed companies and plants. Data 
were estimated for the companies that did not respond to the 
survey based on responses received in previous years, industry 
consumption trends, reports from other industry sources, and 
discussions with consultants within the graphite industry. This 
end-use survey represented most of the graphite industry in the 
United States. 

U.S. consumption of natural graphite reported by end use 
increased by 29% to 66,100 t in 2011 from 51,200 t in 2010 
(table 2), owing to increases of 64% and 15% from the previous 
year in the amounts of natural graphite used in refractories 
and the “Other” end-use category, respectively. The “Other” 
end-use category includes antiknock gasoline additives and 
other chemical compounds, batteries, crucibles, drilling mud, 
electrical/electronic devices, industrial diamonds, magnetic 
tape, mechanical products, nozzles, paints and polishes, pencils, 
retorts, sleeves, small packages, soldering/welding, steelmaking, 
stoppers, and other end uses. The natural graphite consumption 
data in table 2 include mixtures of natural and synthetic graphite 
in the amorphous graphite category, and this consumption data 
orted by end use may include company stocks from previous 
years. Consequently, the table 2 reported consumption numbers 
are different from the computed apparent consumption numbers 
given in table 1. Consumption of crystalline graphite increased 
in 2011 by 40% to 35,700 t from 25,600 t in 2010. Consumption 
of amorphous graphite increased by 18% to 30,400 t in 2011 
from 25,700 t in 2010. Brake linings, refractories, and 
steelmaking were the three industries that dominated U.S. 
natural graphite use. Brake linings and refractories combined 
accounted for 47% of natural graphite consumption. Foundries 
and lubricants accounted for another 4% of natural graphite 
consumption. The refractories industry was the leading 
consumer of crystalline flake graphite used in 201 1. | 

Graphite has metallic and nonmetallic properties, which | 
make it suitable for many industrial applications. The metallic 
properties include electrical and thermal conductivity. The 
nonmetallic properties include high-thermal resistance, 
inertness, and lubricity. The combination of conductivity and 
high-thermal stability allows graphite to be used in many 
applications, such as in batteries, fuel cells, and refractories. 
Graphite’s lubricity and thermal conductivity make it an 

ellent material for high-temperature applications because 
ctive lubrication at a friction interface while 
ally conductive matrix to remove heat from 
Electrical conductivity and lubricity allow 
тагу material in the manufacture of brushes for 
its pes ET гаре brush effectively transfers electric | 
ndm а rotating armature while the natural lubricity of the 
frictional wear. Today's advanced technology 
friction materials and battery and fuel cells, 
require high-purity graphite. Natural Е : жаш 10 
99.9% сагроп content for use in battery app - i - | 

Graphite is made up of parallel sheets of carbon | — in 
a hexagonal arrangement. It is possible to insert other atoms 


rep 


exc 
it provides effe 
furnishing a therm 
the same interface. 


current to 
brush minimizes 
products, such as 
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between the sheets, a process that is called intercalation. 

The insertion of other atoms makes dramatic changes in the 
properties of graphite. Lithium ions can be inserted to create 
graphite anodes for lithium ion batteries. Graphite can be 
intercalated with sulfuric and nitric acids to produce expanded 
graphite from which foils are formed that are used in seals, 
gaskets, and fuel cells. 

Refractory applications of graphite included carbon- 
bonded brick, castable ramming, and gunning mixtures. 
Carbon-magnesite brick has applications in high-temperature 
corrosive environments, such as iron blast furnaces, 
ladles, and steel furnaces. Carbon-alumina linings are 
principally used in continuous steel-casting operations. 
Alumina- and magnesite-carbon brick requires graphite with a 
particle size of 100 mesh and a purity of 95% to 99%. 

Crystalline flake graphite accounted for about 54% of natural 
graphite usage in the United States. It was consumed mainly in 
batteries and refractories. Amorphous graphite was mainly used 
in brake linings, foundries, refractories, steelmaking, and other 
applications where additions of graphite improve the process or 
the end product. Lump graphite finds use in a number of areas, 
such as steelmaking, depending on purity and particle size. 

Synthetic graphite is used in more applications in North 
America than natural graphite and accounts for a major share 
of the graphite market. The main market for high-purity 
synthetic graphite is as a carbon raiser additive in iron and steel. 
This market consumes a substantial portion of the synthetic 
graphite. Other important uses of all types of graphite are in 
the manufacture of catalyst supports; low-current, long-life 
batteries; porosity-enhancing inert fillers; powder metallurgy; 
rubber; solid carbon shapes; static and dynamic seals; steel; 
and valve and stem packing. The use of graphite in low-current 
batteries is gradually giving way to carbon black, which is 
more economical. High purity natural and synthetic graphite аге 
used to manufacture antistatic plastics, conductive plastics an 
rubbers, electromagnetic interference shielding, electrostatic | 
paint and powder coatings, high-voltage power cable conductive 
shields, membrane switches and resistors, semiconductive cable 
compounds, and electrostatic paint and powder coatings. 

High purity natural and synthetic graphite have played an 
important role in the emerging noncarbon energy sector and 
has been used in several new energy applications. In energy 
production applications, graphite is used in pebbles for modular 
nuclear reactors and in high-strength composites for wind, tide, 
and wave turbines. In energy storage applications, graphite ui 
used in bipolar plates for fuel cells and flow batteries, in anodes 
for lithium-ion batteries, in electrodes for supercapacitors, 
in high-strength composites for fly wheels, in phase change 
heat storage, and in solar boilers. In energy management "^ 
applications, graphite is used in high-performance polystyre 
thermal insulation and in silicon chip heat dissipation. These 
new energy applications use value-added graphite products, у 
such as high purity, small particle size, potato shape, exp e" 
graphite, and graphene. Current graphite capacity may — 
be adequate for the increasing demands of these new p siis 
applications, which may require doubling the current grap 
supply when fully implemented (O?Driscoll, 2010). 
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Graphene has been referred to as “the world’s next wonder 
material.” This 15 because this material composed of a tightly 
packed single layer of carbon atoms that can be used to make 
inexpensive solar panels, very powerful transistors, and 
wafer-thin tablets that could be the next-generation tablet 
computers (Topf, 2012). 


Prices 


Natural graphite prices slowly increased during the second 
half of 2009 for most types (Industrial Minerals, 2009a). In 
2010, graphite prices increased more rapidly especially for 
crystalline flake graphite, owing to increased demand for 
graphite used in friction material applications such as brake 
linings, as a high-quality refractory, as lubricants, and in the 
manufacturing of graphite foils and long-life alkaline batteries 
(Industrial Minerals, 2010b). In 2011, graphite prices continued 


increasing for all forms of natural graphite, with median yearend 


prices increasing between 42% and 84% (table 4). 

Prices for crystalline and crystalline flake graphite 
concentrates ranged from $1,400 to $3,000 per metric ton; 
prices for amorphous powder ranged from $600 to $800 per 
ton (table 4). The average unit value of all U.S. natural graphite 
exports decreased by 13% to $2,360 per ton in 2011 from 
$2,720 per ton in 2010. Ash and carbon content, crystal and 
flake size, and size distribution affect the price of graphite. The 
European port price of synthetic graphite in 2011 ranged from 
$7,000 to $20,000 per ton. The average unit value of synthetic 
graphite exports decreased by 4% to $3,270 per ton in 2011 
from $3,410 per ton in 2010 (table 5). 


Foreign Trade 


Total graphite exports increased by 32% in tonnage to 
60,200 t valued at $191 million in 2011 from 45,600 t valued 
at $152 million in 2010. Total graphite export tonnage was 
10% natural graphite and 90% synthetic graphite (table 5). 
Total natural graphite imports increased by 10% in tonnage to 
71,800 t in 2011 from 65,400 t in 2010, and the value increased 
by 56% to $81.3 million in 2011 from $52.1 million in 2010 
(table 6). This large increase in value was owing to an increase 
of $19.8 million in the value of the “other natural crude" 
graphite category during 2011. Principal import sources of 
natural graphite were, in descending order of tonnage, China, 
Mexico, Canada, Brazil, Madagascar, and Sri Lanka, which 
combined, accounted for 99% of the tonnage and 93% of the 
value of total imports. Mexico provided all the amorphous 
graphite, and Sri Lanka provided all the lump and chippy dust 
variety. China, Canada, and Madagascar were, in descending 
order of tonnage, the leading suppliers of crystalline flake 
and flake dust graphite. A number of other producing nations 
supplied several other natural types and grades of graphite to the 
United States; among the most notable were Brazil and China. 


World Review 


World production of natural graphite increased slightly in 
2011 to an estimated 1.15 million metric tons (Mt) compared 
with 1.13 Mt in 2010. China maintained its position as the 
world's leading graphite producer, with 800,000 t or 7096 
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of the total. India was the second ranked graphite producer, 
with 150,000 t, followed by Brazil, North Korea, Canada, and 
Romania, in decreasing order of tonnage produced. These six 
countries accounted for 95% of world production (table 8). 

Eight companies were exploring for graphite in Canada. 
This exploration was focused on properties in Ontario and 
Quebec (Topf, 2012). 


Outlook 


Worldwide demand for graphite is expected to continue 
increasing as global economic conditions improve. Demand is 
also expected to continue increasing as more noncarbon energy 
applications that use graphite are developed. 

The trend of collaboration between Far Eastern and Western 
graphite producers is expected to continue. These collaborations 
have been combining superior management, processing, and 
packaging techniques of Western companies with China’s 
production capabilities located in and adjacent to the largest 
markets. China offers the optimum cost-location balance. China 
had made progress in eliminating logistics challenges, such as 
freight issues, shipping problems, and rising container rates 
(Moores, 2007; Feytis, 2010). In 2011, the Chinese Government 
ordered the majority of graphite mines it controls in the Hunan 
Province to be closed for environmental and resource protection. 
This action is expected to cause future production decreases 
for the world’s leading graphite producer. Amorphous graphite 
availability will most likely decline, while flake graphite 
production will probably remain stable (Moores, 2011). The 
Chinese Government also began restricting graphite exports 
in order to protect its own domestic industries (Topf, 2012). 
These restrictions also are expected to cause future decreases in 
graphite marketplace supplies. 

Refractory use trends for graphite closely follow events in the 
steel industry because graphite is used to manufacture refractory 
brick for lining iron and steel furnaces. The ability to refine and 
modify graphite is expected to be the key to future growth in 
the graphite industry. Refining techniques have enabled the use 
of improved graphite in electronics, foils, friction materials, 
and lubrication applications. Graphite “freeze” refractories 

are being developed and tested as an alternative to magnesia 
refractories for ilmenite smelting by U.S.-based GrafTech 
International Holdings Inc. This technology uses a furnace 
lining of thermally conductive graphite and carbon to lower 
the temperature and remove heat from the furnace lining. Once 
the temperature drops below the melting point of the molten 
material in the furnace, a protective slag layer called a “skull” 
freezes onto the hot face of the refractory lining. Once the slag 
skull has formed, it extends the life of the lining by insulating 
the refractories from chemical attacks and thermal shocks 
(Industrial Minerals, 2009b). Graphite-based refractories also 
are used as continuous casting ware, usually in the form of 
nozzles to guide molten steel from ladle to mold. Brake linings 
and other friction materials are expected to steadily use more 
natural graphite as new automobile production continues 
to increase and more replacement parts are required for the 
increasing number of vehicles. Natural graphite (amorphous 
and fine flake) is used as a substitute for asbestos in brake 
linings for vehicles heavier than cars and light trucks. Flexible 
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graphite products, such as grafoil (a thin graphite cloth), аге 
expected to be the fastest growing market but are expected 

to use small quantities of natural graphite compared to major 
end-use markets, such as brake linings and refractories. Products 
produced by advanced refining technology in the next few 

years, despite a weak refractory market and competitive pricing 
from Chinese material, could increase profitability in the U.S. 
graphite industry. 

There also is need to double the world’s present flake 
graphite production to satisfy the forecast increased lithium-ion 
battery demand, particularly in automobiles. Synthetic 
graphite may offer the most promise for filling that demand 
(Industrial Minerals, 2009c; 2010a). The expected increase in 
manufacture and sales of hybrid and electric vehicles is likely 
to increase demand for high-purity graphite in fuel-cell and 
battery applications. Fuel cells are a potential high-growth, 
large-volume graphite (natural and synthetic) end use but are 
currently a very small part of consumption. High volumes of 
graphite are not expected to be consumed in this end use for 
many years but may be used in the longer term. In general, the 
forecasted need to double present graphite supplies to produce 
value-added graphite products for new energy applications 
has triggered reopening of shutdown graphite mines and 
development of graphite resources globally (O'Driscoll, 2010). 

Increased global demand for graphite used in batteries will 
be divided between two main consuming sectors—alkaline 
batteries and lithium-ion batteries. Synthetic and natural 
graphite are used in these batteries. In alkaline batteries, 
graphite is the conductive material in the cathode. Until 
recently, synthetic graphite was predominantly used in these 
batteries. With the advent of new purification techniques and 
more efficient processing methods, it has become possible to 
improve the conductivity of most natural graphite to the point 
where it can be used in batteries. The decision of whether to use 
synthetic or natural graphite will be based on performance and 
price. The growth of the lithium-ion battery market could have 
a more dramatic effect on the graphite market as the demand for 
mobile energy storage systems rises. 

There is a common industry trend toward higher purity and 
consistency in specifications for some specialized and high-tech 
applications. The trend to produce higher purity graphite using 
thermal processing and acid leaching techniques continues. 
High-purity graphite has applications in advanced carbon 
graphite composites. 

The markets for graphite used in rubber and plastics 
(including Styrofoam coatings) are increasing, and continued 
growth is expected. The U.S. market for graphite in pencils has 
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almost disappeared; pencil “leads” now are imported directly 
from China. These markets, however, use little graphite and are 
not expected to have a significant impact on future consumption. 

A California-based company was developing a technology 
that turns carbon dioxide emissions into high-purity synthetic 
graphite. With the world’s industrialized nations pledging to 
reduce their carbon dioxide emissions by 50% by 2050, this 
technology could become a promising new synthetic graphite 
source while helping industrialized nations reach their target 
goal (Industrial Minerals, 20094). 
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TABLE 1 
SALIENT NATURAL AND SYNTHETIC GRAPHITE STATISTICS' 


2007 2008 2009 2010 2011 
United States: 
Natural: 
Exports: 
Quantity metric tons 15,700 7,950 11,400 5,600 6,280 
Value thousands $19,100 $15,600 $21,600 $15,200 $14,800 
Imports for consumption: 
Quantity metric tons 58,600 58,300 33,100 65,400 71,800 
Value thousands $37,300 $48,100 $29,700 $52,100 $81,300 
Apparent Consumption: 
Quantity metric tons 42,900 50,300 21,700 59,800 65,500 
Value | thousands $18,100 $32,500 $8,050 $36,900 $66,500 
World production, Natural? metric tons 1,120,000 ' 975,000 ' 744,000 ' 1,130,000 * 1,150,000 
Synthetic: 
Production: 
Quantity metric tons 198,000 196,000 118,000 134,000 148,000 
Value thousands $1,180,000 $1,050,000 $998,000 $1,070,000 $1,050,000 
Exports: 
Quantity metric tons 44,100 54,900 35,000 40,000 53,900 
Value thousands $128,000 $166,000 $109,000 $136,000 $177,000 
Imports for consumption: 
Quantity metric tons 51,500 66,600 33,800 44,000 79,700 
Value thousands $128,000 $131,000 $79,400 $119,000 $176,000 
Apparent Consumption: 
Quantity metrictons 205,000 208,000 116,000 138,000 173,000 
Value thousands $1,180,000 $1,010,000 $969,000 $1,050,000 $1,050,000 


“Estimated. ‘Revised. 
‘Data are rounded to no more than three significant digits. 
Domestic production plus imports minus exports. 
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ТАВГЕ 2 


U.S. CONSUMPTION OF NATURAL GRAPHITE, BY END USE! 


Crystalline Amorphous’ Total 
Quantity Quantity Value Quantity Value 
БО Епа изе (metric tons) (thousands) (metrictons) (thousands)  (metrictons) (thousands) 
Brake lining 332 3,040 W 3,380 W 
Carbon produci; 306 232 W 538 $2,280 
Foundries W 
Lubricants? 683 ' is М A "e 
Powdered metals 370 -- -- 370 1,480 
Refractories W W W 16,800 16,600 
Rubber W W W 372 W 
Other? 11,200 ' 15,800 W 27,000" 104,000" 
DM 25,500 * 25,700 W 51,2007 149,000" 
Brake lining 442 2,970 W 3,420 W 
Carbon products? W W W 622 2,150 
Foundries” W W W 1,680 W 
Lubricants W W W 1,090 4,490 
Powdered metals 309 -- -- 309 1,300 
Refractories W W W 27,500 34,500 
Rubber W W W 396 W 
Other 11,200 19,900 W 31,100 131,000 
Total 35,700 30,400 142,000 66,100 195,000 


"Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” -- Zero. 


'Data are rounded to no more than three significant digits. 
*Includedes mixtures of natural and manufactured graphite. 
*Includes bearings and carbon brushes. 

“Includes foundries (other) and foundry facings. 

“Includes ammunition packings. 


“Includes antiknock gasoline additives and other compounds, batteries, crucibles, drilling mud, electrical/electronic devices, industrial diamonds, magnetic 
tape, mechanical products, nozzles, paints and polishes, pencils, retorts, sleeves, small packages, soldering/welding, steelmaking, stoppers, and other 


end-use categories. 


TABLE 3 


SHIPMENTS OF SYNTHETIC GRAPHITE ВУ U.S. COMPANIES, BY END USE! 


End use 
2010: 
Cloth and fibers (low modulus) 
Electrodes 
Unmachined graphite shapes 
Other? 
Total 
2011: 
Cloth and fibers (low modulus) 
Electrodes 
Unmachined graphite shapes 
Other? 
Total 


Quantity Value 
(metric tons) (thousands) 
W $195,000 
92,100 W 
7,430 96,900 
W W 


uis rre КК Col ce qe a 
134,000 — 1,070,000 


W W 
93,300 532,000 
8,860 122,000 
45,600 395,000 
148,000 1,050,000 


W Withheld to avoid disclosing company proprietary data; included in "Total." 


‘Data are rounded to no more than three significant digits. 


"Includes anodes, crucibles and vessels, electric motor brushes and machined shapes, 
high-modulus fibers, lubricants (alone/in greases), refractories, steelmaking carbon raisers, 


additives in metallurgy, and other powder data. 
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(Dollars per metric ton) 
Type 2010 2011 
Crystalline large, 9496 to 9796 carbon, --80 mesh 1,450-2,000 2,500-3,000 
Crystalline large, 90% carbon, +80 mesh 1,100-1,350 2,000-2,500 
Crystalline medium, 94% to 97% carbon, +100-80 mesh 1,350-1,900 2,200-2,500 
Crystalline medium, 90% carbon, +100-80 mesh 1,050-1,300 1,500-2,000 
Crystalline medium, 85% to 87% carbon, +100-80 mesh 1,000-1,400 1,500-1,900 
Crystalline fine, 94% to 97% carbon, +100 mesh 1,250-1,700 2,000-2,400 
Crystalline fine, 90% carbon, -100 mesh 950—1,300 1,400-1,800 
Amorphous powder, 8096 to 8596 carbon 430-450 600—800 
Synthetic 99.9596 carbon" 7,000—20,000 7,000—20,000 


TABLE 4 
REPRESENTATIVE YEAREND GRAPHITE PRICES! 


Prices are normally cost, insurance, and freight main European port. 


*Swiss border. 


Source: Industrial Minerals, no. 519, December 2010, p. 70; no. 531, December 2011, p. 62. 


Country 
2010: 
Canada 
China 
France 


Germany 


Hong Kong 
Italy 
Japan 
Korea, Republic of 
Mexico 
Netherlands 
Taiwan 
United Kingdom 
Other 

Total 

2011: 

Canada 
China 
France 
Germany 
Hong Kong 
Italy 
Japan 
Korea, Republic of 
Mexico 
Netherlands 
Taiwan 
United Kingdom 
Other 

Total 


Natural? 
Quantity Value? 

(metric tons) (thousands) 
1,510 $1,470 
253 1,250 
31 57 
285 598 
12 79 
198 265 
728 1,480 
69 610 
934 1,080 
16 193 
111 346 
338 4,240 
1,110 3,520 
5,600 15,200 
1,590 1,980 
277 565 
24 92 
425 831 
11 62 
253 450 
722 1,930 
62 287 
1,360 1,620 
123 138 
91 463 
227 3,430 
1,110 3,000 
6,280 14,800 


ТАВГЕ 5 
U.S. EXPORTS OF NATURAL AND SYNTHETIC GRAPHITE, BY COUNTRY”? 


Synthetic* 
Quantity Value? 

(metric tons) (thousands) 
4,360 $13,200 
3,870 16,900 
2,830 22,200 
1,910 5,220 
74 200 
1,190 5,390 
1,040 5,280 
2,300 9,890 
5,350 7,840 
483 911 
2,010 7,820 
724 2,550 
13,900 39,100 
40,000 136,000 
6,170 15,200 
5,120 25,500 
3,460 26,300 
2,740 7,800 
262 818 
1,230 6,770 
2,070 10,500 
3,390 14,300 
7,720 9,730 
162 672 
3,950 6,280 
981 2,540 
16,700 50,100 
53,900 177,000 


"Data are rounded to no more than three significant digits; may not add to totals shown. 


"Numerous countries for which data were reported have been combined in “Other.” 


Total 

Quantity Value? 
(metric tons) (thousands) 
5,870 $14,600 
4,130 18,200 
2,860 22,300 
2,200 5,820 
86 279 
1,380 5,660 
1,760 6,770 
2,370 10,500 
6,290 8,920 
499 1,100 
2,120 8,160 
1,060 6,800 
15,000 42,700 
45,600 152,000 
7,760 17,100 
5,390 26,100 
3,480 26,400 
3,170 8,630 
273 879 
1,480 7,220 
2,790 12,500 
3,450 14,600 
9,080 11,300 
285 810 
4,040 6,740 
1,210 5,970 
17,800 53,100 
60,200 191,000 


3 Amorphous, crystalline flake, lump and chip, and natural, not elsewhere classified. The applicable Harmonized Tariff 
Schedule of the United States (HTS) nomenclatures are “Natural graphite in powder or in flakes” and “Other,” codes 


2504.10.0000 and 2504.90.0000. 
*Includes data from applicable HTS nomenclatures "Artificial graphite” and “Colloidal ог semicollidal graphite,” 


codes 3801.10.0000 and 3801.20.0000. 


*Values are free alongside ship. 


Source: U.S. Census Bureau. 
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ТАВГЕ 7 
U.S. IMPORTS FOR CONSUMPTION 


OF GRAPHITE ELECTRODES, BY COUNTRY"? 


Quantity Value? 

Country (metric tons) (thousands) 

2010: 
Canada 10,600 $56,400 
China 15,700 43,400 
Germany 2,090 15,400 
India 5,280 15,100 
Japan 18,000 102,000 
Mexico 20,000 58,400 
Poland 1,290 5,530 
Russia 11,600 31,000 
South Africa 1,010 4,070 
Ukraine 779 2,160 
United Kingdom 1,260 5,590 
Other 587 3,090 
Total 88,200 342,000 

2011: 
Canada 11,700 59,900 
China 26,200 52,500 
Germany 3,010 21,400 
India 16,300 37,800 
Japan 19,800 99,800 
Mexico 16,100 46,800 
Poland 1,120 4,930 
Russia 10,000 27,900 
South Africa 2,050 8,410 
Ukraine 1,890 5,200 
United Kingdom 242 1,070 
Other 1,230 6,150 
Total 110,000 372,000 
"Data are rounded to no more than three significant digits; may not 


add to totals shown. 


"The applicable Harmonized Tariff Schedule of the United States 
(HTS) nomenclature is “Electric furnace electrodes,” code 


8545.11.0000. 
3Customs values. 


Source: U.S. Census Bureau. 
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TABLE 8 


GRAPHITE: ESTIMATED WORLD PRODUCTION, BY COUNTRY" 


(Metric tons) 
BENE a Т ЫШ Ио 
Country 0 0 29 298 205 И 859 
Austria = = 750 420* 800 
Brazil, marketable 77,163 ° 74,831 "7 59425"? 72,23"? ~ 73,000" 
Canada 28,000 27,000 15,000 " 20,000 ' 25,000 
China 800,000 650,000 450,000 ' 800,000 ' 800,000 
Czech Republic 3,000 3,000 ЈЕ ы ki 
India, run-of-mine' 130,000 140,000 130,000 140,000 150,000 
'Korea, North 30,000 30,000 30,000 30,000 30,000 
Korea, Republic of 52? 73? 48 34' 50 
Madagascar 5,351 "3 4,967 °° 3,437 "3 3,783 "3 3,800 
Mexico, amorphous 12,500 7,229 ? 5,011 > 6,759 3 6,700 
Norway 2,000 2,000 2,000 2,000 1,500 
Romania -- -- 20,000 20,000 20,000 
Russia 14,000 14,000 14,000 14,000 14,000 
Srilanka 9,593 > 6,615 ? 3171" 3,437 "3 3,500 
Sweden 800 800 800 700 700 
Turkey, run-of-mine? _______- 400 3,236 ° 2,400 > 3,000 10,000 
Ukraine 5,800 5,800 5,500 5,800 5,800 

60 60 60 60 60 


Uzbekistan ________----- 


Zimbabwe 
Total 


Ppreliminary. ‘Revised. -- Zero. 
! World totals and estimated dat 


1,120,000 " 


2,463 ? 


5,418 ? 5,134 3 
744,000* 1,130,000 


975,000 ' 


a are rounded to no more than three significant digits; may not а 


Table includes data available through May 11, 2012. 


Reported figure. 
^Indian marketable production is | 
5Turkish marketable production averages 


0% to 20% of run-of-mine production. 
approximately 5% of run-of-mine production. 
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dd to totals shown. 


5,000 


1,150,000 


Almost all is for domestic consumption. 


GYPSUM 


By Robert D. Crangle, Jr. 


Domestic survey data and tables were prepared by Shonta E. Osborne, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


In 2011, the United States ranked fifth worldwide in the 
production of crude gypsum, with 8.48 million metric tons (Mt) 
of production and a reported value of $70.5 million. China was 
the world’s leading producer and consumer of gypsum, with 
estimated production of 48 Mt of crude gypsum. As a result 
of the slow recovery in the U.S. economy, especially in the 
residential construction sector, 2011 crude production tonnage 
decreased by approximately 4% from that of 2010. Prices, 
however, rebounded from 2010, and accounted for an increase 
in value of 16% in 2011 (table 1). Calcined gypsum production 
decreased by 6% to 11.9 Mt in 2011 compared with 12.6 Mt 
produced in 2010. 

The sale of synthetic gypsum increased by 10% to 11.8 Mt 
in 2011 from 10.7 Mt in 2010. Many coal-burning powerplants 
in the United States are required by the U.S. Environmental 
Protection Agency to install sulfur dioxide scrubbing systems 
(U.S. Environmental Protection Agency, 2012). Because many 
of these systems produce byproduct gypsum, this has created 
a significant source of gypsum, at a lower price than the cost 
of its mined counterpart, which has led to the construction of 
wallboard production facilities adjacent to many coal-fired 
powerplants. 


Production 


Gypsum industry data for this report are collected by the 
U.S. Geological Survey (USGS) from semiannual and annual 
Surveys of gypsum operations and from monthly data provided 
by the Gypsum Association. In 2011, the USGS annual survey 
canvassed 112 gypsum production operations that accounted for 
all domestic output of crude, calcined, and byproduct gypsum. 
Data were available for all of the operations through this survey, 
the Gypsum Association, the American Coal Ash Association, 
or other Federal and State agencies. Some production was 
estimated on the basis of employment records published by the 
Mine Safety and Health Administration. 
| The United States was the fifth leading producer of gypsum 
ш 2011, accounting for 6% of global output (table 8). During 
2011, crude gypsum in the United States was mined by 40 
companies at 46 mines in 16 States (table 2). The leading crude 
&ypsum-producing States were, in descending order, Oklahoma, 
Texas, California, Iowa, and Arkansas, which together 
accounted for 60% of total domestic output. 

The U.S. gypsum industry consisted primarily of a few 
large, vertically integrated companies that mined gypsum and 
manufactured wallboard, plaster, and other gypsum products. 
Companies with the most mines were USG Corp. (USG) with 
eight mines, Georgia Pacific LLC (GP) with seven mines, 
National Gypsum Co. (NGC) with six mines, CertainTeed Corp. 
with six mines, American Gypsum with three mines, Temple 
Inland Inc. (TI) with two mines, and PABCO Gypsum with one 
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mine. In 2011, these seven companies produced 58% of the total 
U.S. crude gypsum. 

In 2011, domestic output of calcined gypsum decreased by 
6% to 11.9 Mt valued at more than $340 million (table 1); 

10.0 Mt of calcined gypsum was used in the production of 
plasters and prefabricated products (table 3). 

In addition to mined gypsum production, synthetic gypsum 
was generated as a byproduct of various industria] processes. 
The primary source of synthetic gypsum was flue gas 
desulfurization (FGD) from coal-fired electric powerplants. 
Smaller quantities of synthetic gypsum were derived as 
byproducts of chemical processes, such as acid neutralization, 
citric acid production, sugar production from Sugar beets, 
and titanium dioxide production. Synthetic gypsum was used 
as a substitute for mined gypsum, principally for wallboard 
manufacturing, cement production, and agricultural purposes, in 
descending order of importance. 

Sixteen synthetic gypsum producers sold 11.8 Mt of synthetic 
gypsum from their FGD systems during 2011, with an estimated 
value of $17.7 million. Of the total synthetic gypsum sold and 
used, 60% was used for wallboard production, 10% was used in 
cement and concrete manufacture, 9% for mining applications 
5% for agricultural, and the remaining 18% for a variety of | 
other applications. Approximately 47% of synthetic gypsum 
produced in 2011 was neither sold, nor used, and in most cases 
was landfilled (American Coal Ash Association, 2012). 

For 2011, gypsum-derived products, including agricultural 
products, cement, plasters, and wallboard totaled 11.4 Mt with a 
value of $1.54 billion. This represented a production increase of 
3% from the 11.1 Mt produced in 2010, although a 3% decrease 
in value from $1.59 billion (table 3). 

During 2011, eight companies manufactured gypsum 
wallboard products at 62 plants in the United States. Wallboard 
product shipments were approximately 17.2 million Square feet 
(1.6 million square meters), a slight increase compared with 
those of 2010 (table 4), 

The wallboard industry expanded rapidly between 2003 and 
2006. American Gypsum, CertainTeed, Lafarge North America 
Inc. (Lafarge NA), National Gypsum, and USG expanded their 
existing wallboard operations or opened new ones during this 
time, increasing their wallboard production capacities by more 
than 1 billion square feet. The decline in the U.S. housing 
market that began in 2007 and continued through 2010 resulted 
in flat and declining sales for most £ypsum producers, and led to 
layoffs and the idling of wallboard production plants (Crangle 
2011). In 2011, however, new-home Starts, an indicator of 
gypsum consumption used in residential construction, increased 
by 4% from 2010 (U.S. Census Bureau, 20122). 
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Consumption 


In 2011, U.S. apparent domestic gypsum consumption was 
more than 23.3 Mt, an increase of 4% compared with that of 
2010. Domestic sources (mined crude plus an estimated 11.8 Mt 
of synthetic gypsum produced) met approximately 86% of 
domestic consumption requirements; imports, totaling 3.33 
Mt, satisfied the remaining need. In 2011, approximately 50% 
of the gypsum consumed in the United States came from 
synthetic sources, slightly more compared with that in 2010. 

An industry-wide shift toward the use of synthetic gypsum 
continued in 2011. This was largely the result of the lower 

costs associated with the purchase and transportation of FGD 
gypsum, which is often available near the same urban centers 
where wallboard production facilities are located. However, 
should the increased production and consumption of domestic 
shale-gas continue, this could lead to a corresponding decrease 
in coal consumption, and with it, a decrease in the production of 
synthetic gypsum. Shale gas production in 2010 (the most recent 
data available) was 5.34 billion cubic feet (BCF), which was 
72% more than that of 2009, and more than triple that in 2007 
(U.S. Energy Information Administration, 2012). 

Gypsum output is categorized as either calcined or uncalcined 
(table 3). Calcined gypsum was produced domestically from 
crude gypsum to manufacture wallboard and plaster products. 
Uncalcined gypsum, used for portland cement production and 
agriculture, accounted for virtually all remaining consumption 
during the year. Miscellaneous uses, such as athletic field 
markings, accounted for less than 1% of consumption. 

In 2011, more than 99% of calcined gypsum was used in the 
production of prefabricated products, most of which consisted 
of wallboard (table 3). Half-inch wallboard accounted for 33% 
of total calcined gypsum consumption. Type X gypsum board, 
so named because of extra fire retardation qualities, consumed 
35% of calcined gypsum. Other regular gypsum board, from 
и to 1-inch thick, consumed 2% of the total. Other wallboard, 
including lath, mobile-home wallboard, predecorated wallboard, 
sheathing, veneer base, and water- and moisture-resistant 
wallboard, composed most of the balance. Metropolitan areas 
in the South Atlantic, West South Central, East North Central, 
Pacific, and Middle Atlantic (in decreasing order) were the 
leading sales areas for gypsum wallboard products. 

As a result of improved economic conditions and a 
corresponding increase in demand from the construction 
industry for concrete, uncalcined gypsum consumption in the 
United States increased by 8% in 2011 to 1.39 Mt. About 
951,000 t, or 6996, of the uncalcined gypsum consumed in the 
United States was for Portland cement production (table 3). 
Gypsum is added to cement to retard its setting time and 


makes up about 2% to 4% by weight of cement output (Roskill 
Ltd., 2009, p. 320). Most of the remainder 


formation Services 
E sum consumed, about 434,000 metric 


of the uncalcined вур : 
tons (t), Was used for agricultural purposes. Agricultural use 
of gypsum increased by 15% from that of 2010. Finely ground 


sum rock was used in agriculture and other industries 
to neutralize acidic soils, to improve soil permeability, to 
add nutrients, to stabilize slopes, and to provide catalytic 
rt for maximum fertilizer benefits. Small quantities of 
Аршу gypsum also are used in à wide range of industrial 
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applications, including the production 
pharmaceuticals. | 


Recycling 


of foods, glass, paper, and 


Gypsum waste generated by the wallboard manufacturing 
process may be recycled. The gypsum core and paper covering 
are separated, then the gypsum is reinjected with new material 


into the manufacturing stream. 


Several million tons of gypsum waste are generated every 
year by building demolition, wallboard installation, and 
wallboard manufacturing. Because labor expenses are higher 
than wallboard prices, construction costs are lowered when 
full pieces of uncut wallboard are used in place of multiple, 
smaller remnants. As a result, between 10% and 12% of the 
wallboard used in new construction and renovation is discarded 
as scrap. Only a small portion of this waste has been recycled. 
On December 14, 2010, the Massachusetts Department 
of Environmental Protection banned the disposal of clean 
wallboard from State waste disposal facilities (Massachusetts 
Department of Environmental Protection, 2010). As landfill 
space becomes more scarce, recycling is expected to increase. In 
addition to recycling scrap in wallboard plants, wallboard scrap 


may also be ground and used as a soil 


conditioner. 


Wallboard manufacturers and the construction industry 
have been exploring ways to return scrap wallboard and waste 
wallboard to plants for recycling. Other potential markets 
for recycled gypsum include cement production, as a stucco 
additive, sludge drying, water treatment, grease absorption, and 


for marking athletic fields. Until costs 


and legislation associated 


with landfilling scrap gypsum become more restrictive, 
recycling will likely continue to remain a low priority within the 


industry. 
Prices 


In 2011, the average values (free on 


reported by U.S. producers were $8.31 per metric to 
Icined gypsum (table 1). 
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($394 per 100 square meters ог $366 per 1,000 square feet), 
followed by Philadelphia, PA, ($293 per 100 square meters or 
$272 per 1,000 square feet) and Seattle, WA, ($292 per 100 
square meters or $271 per 1,000 square feet) (Engineering 
News-Record, 2011). 


Foreign Trade 


In 2010, the United States led the world in international trade 
in gypsum and gypsum products (tables 5, 6). The United States 
imported crude gypsum from 13 countries and exported gypsum 
and gypsum products to 66 countries and territories, although 
only a small quantity of crude gypsum and other gypsum 
products were exported by the United States in 2011, most of 
which went to Canada. 

Imports of crude gypsum in 2011 were unchanged from those 
of 2010 and accounted for 14% of apparent consumption. Much 
of this import reliance can be attributed to the lack of adequate 
domestic gypsum resources near large east coast and west coast 
wallboard markets. Canada and Mexico accounted for 81% of 
imported gypsum, while imports from Spain supplied most of 
the remainder. The majority of imports from Canada went to 
east coast plants, while Mexican sources chiefly served the west 
coast. Most of the crude gypsum imported by the United States 
from Mexico was produced by Compania Minera Caopas, S.A. 
de C.V., and Compania Occidental Mexicana, S.A. де C.V., in 
Baja California Sur, both of which operate mines on the Baja 
California Peninsula (Compania Occidental Mexicana S.A. de 
C.V., 2005; Compania Minera Caopas, S.A. de C.V., 2010). 
Almost all gypsum imported from Canada came from Nova 
Scotia. The completion of large wallboard manufacturing plants 
near powerplants along the East Coast may reduce gypsum 
imports in the future. 

Wallboard exports increased by nearly 14% in 2011, totaling 
about 833,000 t valued at $149 million. Approximately 95% of 
board exports went to Canada. Wallboard imports decreased by 
4% in 2011, totaling 235,000 t valued at $30.8 million. 


World Industry Structure 


Global crude gypsum production in 2011 was estimated to 
be 148 Mt, a slight increase compared with that of 2010, when 
production totaled 147 Mt (table 1). In 2011, 87 countries 
Produced gypsum, 10 of which accounted for 75% of the total 
world production (table 7). Much of the synthetic production, 
however, was likely disposed of rather than used. China was the 
leading producer of crude gypsum in 2011 with an estimated 48 
Mt, followed by Iran with 13 Mt, Spain with 12 Mt, Thailand 
with 9.9 Mt, the United States with 8.5 Mt, J apan with 5.6 Mt, 
and Italy with 4.1 Mt. 

North American production accounted for 10% of total crude 
&ypsum production. Although the use of gypsum wallboard 
increased worldwide, only industrialized nations used gypsum 
primarily for wallboard products. In developing countries, 
especially in Asia and the Middle East, most gypsum was 
used in the production of cement or plaster products. World 
Production may have been underestimated, because output 
by some foreign gypsum producers was used to manufacture 
products onsite, which may not have been reported. 
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. Additionally, production from small deposits in developing 


nations was intermittent and in many cases unreported. 

Worldwide, the leading use of gypsum is in the manufacture 
of cement and concrete. In 2008, the last year worldwide end 
use was available, cement manufacture accounted for up to 60% 
of worldwide gypsum consumption, while plaster products, 
including wallboard, accounted for approximately 3096 of all 
consumption (Roskill Information Services Ltd., 2009, 

p. 320, 330). 

As а low-value, high-bulk mineral commodity mined from 
deposits widely distributed throughout the world, gypsum 
tended to be consumed within the many countries where it 
was produced. Less than 20% of the world's crude gypsum 
production was estimated to enter international trade. Only a 
few countries, such as Canada, Mexico, Spain, and Thailand, 
were major crude gypsum exporters; of these, Canada and 
Mexico were significant exporters because of their large 


_ deposits proximate to wallboard markets in the United States. 


Estimated world production capacity for gypsum wallboard 
in 2010 exceeded 17 billion square meters per year (about 183 
billion square feet per year) at more than 250 plants worldwide. 
Approximately 2096 of this capacity was in the United States; 
Asia and Western Europe each accounted for about 2094 of 
capacity. 


World Review 


Asia.—Boral Ltd., Australia's leading building and 
construction materials producer, agreed to acquire Lafarge's 
50% interest the Lafarge Boral Gypsum Asian venture for an 
estimated $550 million; the company is the leading supplier of 
wallboard in Asia, which operated production facilities in eight 
countries while providing exports to an additional 30 countries 
(Boral Ltd., 2012, p. 18). 

Europe.—Lafarge Group (France) initiated Steps to sell most 
of its gypsum operations in an attempt to focus its organizational 
efforts toward aggregates, cement, and concrete Operations 
(Lafarge Group, 2012, p. 3). In 2011, Saint-Gobain employed 
approximately 12,000 employees at 75 gypsum quarries and 130 
gypsum-product facilities worldwide in 2011, (Saint-Gobain 
2012, p. 19). The privately owned and operated Knauf Group 
(Germany) operated 40 wallboard and 110 plaster and building 
materials plants in 49 countries (Global Gypsum Magazine 
20108). ' 

Canada.—Canadian production of crude gypsum totaled 
2.56 Mt, a 6% decline from the 2.72 Mt produced in 2010. 
About 1.47 Mt, or 58% of Canadian production, was exported 
to the United States. Cabot Gypsum Company, a Subsidiary 
of Cabot Corp., based in Point Tupper, Nova Scotia, in 2011 
purchased and reopened a bankrupted Federal Gypsum | 
Company wallboard production facility, the only wallboard 
plant located in Nova Scotia (Cape Breton Post, 201 1). 

China.—In 2011, Beijing New Building Materials (BNBM) 
the largest gypsum-board producer in Asia, operated 21 | 
wallboard plants in China with an estimated annual production 
of 1.2 billion square meters. Wallboard has become the standard 
building material for nonload bearing walls and ceilings in 
China, with an estimated 80% of all domestically consumed 
board used in commercial construction and the remaining 


consumption for residential purposes (Global Gypsum 
Magazine, 2011). Given the low level of use in residential 
consumption, the potential for substantial growth in wallboard 
consumption exists in China. Given the expansion in China’s 
economy and its respective construction and infrastructure 
demands and assuming its domestic real estate market, which 
has exhibited signs of economic unsustainability, does not 
decline, China will likely continue to be the world’s leading 
gypsum producer for the foreseeable future (Rapoza, 2013). 

The issue of corrosive imported wallboard from China 
into the United States continued to be problematic. The U.S. 
Consumer Product Safety Commission received approximately 
4,000 reports of possible corrosive wallboard from residents 
in 43 States, the District of Columbia, American Samoa, and 
Puerto Rico (U.S. Consumer Product Safety Commission, 
2013). Sulfide gases emitted from the problematic drywall 
were suspected of damaging copper wiring and plumbing, 
while also raising human health concerns (Global Gypsum 
Magazine, 2010b). Following several years of complaints 
regarding corrosive wallboard imported from China, a pending 
class-action settlement between approximately 10,000 affected 
homeowners, most of whom reside in Gulf Coast and southern 
U.S. States, and Chinese wallboard manufacturer, Knauf 
Plasterboard Tianjin, was pending at yearend in U.S. Federal 
court. 

Iran.—Although its crude gypsum reserves are substantial, 
the available Iranian crude production data predate the global 
recession, as well as several years of international sanctions 
that intensified in 2006. These conditions degraded Iran's 
economy and were accompanied by a rise in unemployment 
and inflation, which may have led to a decline in residential 
and commercial construction and a corresponding decrease in 
gypsum consumption (Fassihi, 2010). Furthermore, since 2009, 
most Iranian banks have been prohibited from extending loan 
assistance toward the purchase of property, crude oil output 
production has decreased to its lowest level in nearly 25 years, 
and overall trade has been severely restricted, all of which likely 
further hampered residential construction, and with it, gypsum 
production (Guillaume and Sensenbrenner, 2011, р. 5; Wurtz, 
2012). Consequently, the available gypsum production data for 

ot be accurate. 
"DN "Yoshino Gypsum Co. Ltd., which opened Japan’s 
first plasterboard factory in 1921, owned 16 wallboard plants | 
throughout Japan in 2011 with a combined wallboard production 
of 350 million square meters per year, which accounted for 
about 80% of J apan’s т wallboard production (Global 
ine, 2012). 

Gypsum in 201 1, ш production in Mexico was 3.84 
Mt, an 8% increase from that of 2010. About 1.23 Mt, or 32% 

Mexico's 2011 crude gypsum production, was exported to the 
врат In 2011, 058 Mexico, S.A. de C.V., the largest 
United States. | d in Mexico with three wallboard 

facturer of wallboard in 

ее facilities, employed more than 680 people and 
ee net sales of $154.1 million (USG Corp., 2012). 
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decreased by а greater amount; in some previously distressed 
markets, inventory of existing homes decreased by up to 50% 
for the same period (Brennan, 2012; S&P Indices, 2012). The 
combination of lower prices and decreased inventory may be 
interpreted as an overall strengthening of the domestic real 
estate marketplace, a primary driver of gypsum consumption. 
Likewise, U.S. demand for gypsum products was expected 
to increase during the next 2 to 3 years as housing starts 
are projected to rise (Irwin, 2011). Because the residential 
housing market is responsible for approximately 60% of the 
consumption of gypsum products, a key economic indicator 
used by the gypsum and wallboard industries is the number 
of new housing starts, as measured by the issuance of new 
building permits. Since 1959, the average number of annual 
housing starts, including multidwelling units, is 1.5 million per 
year (Zibel and Bater, 2011). Annual housing starts averaged 
about 1.8 million during the 5 years proceeding the recessionary 
years, which began in 2007. Housing starts of 2010 and 2011 
were 587,000 and 609,000, respectively (U.S. Census Bureau, 
2012a). Neither the high nor the low rates were sustainable. As 
the surplus of residential real estate dwellings constructed before 
2009 is drawn down, the Nation’s annual population growth of 
more than 3,000,000 new persons, alone, may necessitate an 
increase in residential construction within the near future (Irwin, 
2011; Zibel and Bater, 2011; U.S. Census Bureau, 2012b). 

The future of FGD gypsum, following more than 20 years 
of large annual growth rates, may begin to slow as significant 
supplies of comparatively less expensive and cleaner burning 
natural gas competes with coal in the generation of electrical 
power. The changeover of crude to synthetic gypsum will likely 
be limited to FGD plants with close proximities to wallboard 
production facilities, or where new wallboard plants will be 
constructed adjacent to existing FGD plants. The percentage 
of synthetic gypsum use may reach an economic equilibrium 
point. In the long term, as disposal areas fill and the opening of 
new disposal sites becomes increasingly difficult, and should 
shale-gas supplies continue to offer an economically attractive. 
alternative to coal, power companies may consider converting 
electrical generation plants to operate on natural gas. The growth 
of synthetic gypsum production from FGD, following years of 
large annual increases, may begin to stabilize. The retrofitting 
of coal-fired electric powerplants with desulfurization systems, 
which has been accomplished for many plants, coupled with 
the availability of less expensive natural gas for electrical 
generation, could lead to a stabilization of FGD production. 

The U.S. gypsum industry has been moving toward the use of 
large-capacity wallboard plants supplied from multiple sources, 
including synthetic gypsum from coal-fired powerplants. 
These larger wallboard plants have been built in regions of 
high population and growth, which are the areas of highest 
consumption. Older and less efficient crude gypsum-fed plants 
may find it increasingly difficult to compete, but could see 
a revival with regard to the possibility of lesser amounts of 
consumed FGD. In response to increased public awareness, Е 
gypsum industry may boost the recycling of scrap gypsum In! А 
raw materials streams. The industry may also increase the use о 
labels, such as the Scientific Certification System Green Cross, 
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which certify the presence of recycled and recovered content in 
each product. 

Industry trends indicate significant developments abroad 
in the coming decade. The pace and magnitude of wallboard 
plant construction in Asia, particularly in China, India, and 
Thailand, suggest that the continent, with billions of potential 
consumers, will probably become one of the world’s leading 
gypsum wallboard markets. Should the economic conditions 
in the United States more favorably affect the U.S. housing 
sector, and in turn the U.S. consumption for gypsum, the growth 
in Canadian gypsum production should likewise increase. 
Elsewhere, wallboard production capacity growth and the 
recognition of the convenience and economy of wallboard as a 
building material in Central America, Europe, India, and South 
America means that wallboard manufacturing may require 
increased gypsum production in future years. A decline in 
national and global economic conditions may, however, hamper 
such growth. 
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TABLE 1 
SALIENT GYPSUM STATISTICS! 


(Thousand metric tons and thousand dollars) 


2007 2008 2009 2010 2011 
United States: 
Crude: 
Production: 
Quantity 15,700 12,300 10,100 ' 8,800 * 8,480 
Value 95,000 91,200 74,700 ' 60,800 ' 70,500 
___Imports for consumption —  — 9,390 — 7,330 4220 — $3330 3330 
Synthetic gypsum sales? 8,370 9,660 8,120 10,700 11,800 
Calcined: 
Production: 
Quantity 21,700 17,900 13,400 12,600 ' 11,900 
Value 768,000 674,000 471,000 ' 373,000 ' 340,000 
Products sold, value 3,610,000 2,500,000 1,480,000 ' 1,530,000 ' 1,470,000 
Exports, value 43,600 47,400 37,800 42,200 48,200 
Imports for consumption, value 6,700 7,240 6,800 7,180 7,780 
World, production 167,000 157,000 ' 148,000 ' 147,000 148,000 * 
“Estimated. ‘Revised. 
!Data are rounded to no more than three significant digits. 
*Source: American Coal Ash Association. 
TABLE 2 


CRUDE GYPSUM MINED IN THE UNITED STATES, BY STATE! 


ana Set a СЕ Ка КЫ Sa al ни наивна ва паради Башы ыш Ды Шашы асыш чыш шшш шы 
2010 2011 


Quantity" 
Active (thousand Value" Active 
State mines metric tons) (thousands) | mines 
Arizona, Colorado, New Mexico 7' 892 56,260 7 
Nevada and Utah 6' 1,300 8,920 7 
Arkansas and Louisiana 2 w W 2 
California 5“ 873 6,020 5 

r 

Iowa and Indiana 8 1,700 11,700 7 
Michigan 3 302 2,080 3 
South Dakota and Wyoming 2 W W 2 
Kansas, Oklahoma, Texas 12 2,970 20,500 13 
Total 45" 8,800 60,800 46 


"Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
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Quantity 
(thousand Value 
metric tons) (thousands) 
W $6,680 
854 7,170 
W W 
992 12,000 
1,340 10,300 
345 2,670 
W W 
3,250 24,800 
8,480 70,500 
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TABLE 3 
GYPSUM PRODUCTS (MADE FROM DOMESTIC, IMPORTED, AND 
SYNTHETIC GYPSUM) SOLD OR USED IN THE UNITED STATES, BY USE! 


(Thousand metric tons and thousand dollars) 


2010 2011 
Use Quantity Value Quantity Value 
Uncalcined: 
Portland cement 901 15,900 ' 951 16,000 
Agriculture and miscellaneous” 377 ' 18,600 ' 434 25,700 
Total 1,280 34,500 ' 1,390 41,600 
Calcined: 
Plasters 80 27,300 75 26,700 
Prefabricated products? 9,730" 1,530,000° 9,910 1,470,000 
Total 9,810" 1,560,000 € 9,980 1,500,000 
Grand total 11,100" 1,590,000 11,400 1,540,000 
Revised. 
"Рата are rounded to no more than three significant digits; may not add to totals shown. 
"Includes synthetic gypsum. 


*Includes weight of paper, metal, or other materials and some synthetic gypsum. 


TABLE 4 
PREFABRICATED GYPSUM PRODUCTS SOLD OR USED IN THE UNITED STATES! 


2010 2011 RN 
ee 


Quantity Quantity’ Quantity Quantity’ 
(thousand (thousand Value (thousand (thousand Value 
Product Square feet) metric tons) (thousands) Square feet) © metric tons) (thousands) 

Чейз у a a CMM Mh LLL 
У већ W W W W W W 
Other " Е с У : - 
— Total W W W W W W 
Veneer base 203,000 147° $19,500 ' 199,000 144 $23,900 
Sheathing 327,000 238 42,400" 389,000 283 46.700 

Regular gypsumboard: | 
"inch 459,000 ' 146° 25,700 ' 389,000 123 20,400 
fo-inch 8,890,000 ' 4,030 ' 604,000" 8,620,000 3,910 647,000 
f inch =" 2 —' $9,900 35 5.840 
]-inch 49,500 ' 45' 7230' 44200 40 6.620 
Other? 177,000 ' 80 ' 18,500 ' 177,000 80 18.600 
Тога] 9,570,000 4,300 ' 656,000" 9,290,000 4,190 698,000 
Type X gypsumboard 5,560,000 4,040 ' 605,000 " 5,770,000 4,190 462,000 
Predecorated wallboard 60,200 44 18,800 58,000 42 15.100 
Уа тсћ mobile home board 104,000 61 ' 13,500 : 92,100 54 12.000 
Water- and moisture-resistant board 1,140,000 827° 165,000 € 1,270,000 919 202.000 


Other 100,000 ' | 73° 10,100 * 118,000 86 12.000 

Grand total 17,100,000 ° 9,730 ' 1,530,000 " 17,200,000 9,910 1 470,000 
Revised. W Withheld to avoid disclosing company properietary data. -- Zero. car 
'Data are rounded to no more than three significant digits; may not add to totals shown. 


“Includes weight of paper, metal, or other materials. 
*Includes ;/3 !/ie-, and 3 -inch gypsumboard. 
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IMPORTS FOR CONSUMPTION OF CRUDE GYPSUM, BY COUNTRY’ 


TABLE 5 


(Thousand metric tons and thousand dollars) 


2010 2011 
Country Quantity Value Quantity Value 

Canada? 1,980 26,000 1,470 19,800 
Mexico 1,140 11,800 1,230 11,900 
South Africa 8 95] = — 
Spain 198 2,940 628 11,900 
Other (3) 170 2 416 

Total 3,330 41,800 3,330 44,000 
-- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes anhydrite. 
?Less than ^ unit. 


Source: U.S. Census Bureau. 


TABLE 6 


U.S. GYPSUM AND GYPSUM PRODUCTS FOREIGN TRADE! 


(Thousand metric tons and thousand dollars) 


а. 
Crude? Plasters° Boards’ Other, Total, 


ear Quantity Value Quantity — Value Quantity Value уе value 
Exports: o 1 0 
2010 360 190 42,200 729 129,000 66,200 257,000 
2011 316 20,000 307 48,200 833 149,000 68,600 286,000 
2010 3,330 41,800 15 7,180 244 32,400 29,600 111,000 
2011 3,330 44,000 14 7,780 235 30,800 34,700 117,000 


'Data are rounded to no more than 
2nata are for “Gypsum, anhydrite,’ 
Data аге for “Plasters,” HTS code 2520.20.0000. 
‘Data are for 
only,” HTS code 6809.1 1.0000. 

5Data are for “Boards, sheets, panels, tiles, 
articles,” HTS code 6809.90.0000. 


Source; U.S. Census Bureau. 


“Boards, sheets, panels, tiles, and similar articles, 
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three significant digits; may not add to totals shown. 
' Harmonized Tariff Schedule of the United States (HTS) code 2520. 10.0000. 


not ornamented—Faced or reinforced with paper or paperboard 


and similar articles, not ornamented: Other," HTS code 6809.19.0000, and “Other 
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TABLE 7 


(Thousand metric tons) 


GYPSUM: WORLD PRODUCTION, BY COUNTRY?” 


Country 2007 2008 2009 2010 2011* 
Afghanistan® 35° 49° 46 ' 63 ' 62 
Algeria 1,198 1,672 1,757 ' 1,610 ' 1,650 
Argentina 1,227 1,257 1,300 1,347 ' 1,340 
Armenia 55 46 40 ' 45 * 47 
Australia 3,896 3,734 ' 3,430 " 3,500 * 3,500 
Austria, gypsum and anhydrate 1,064 1,087 911 872 ' 900 
Azerbaijan 22 38 46 48 50 
Bhutan 189 248 300 ' 344 ' 350 
Bolivia 4 4 2 1 1 
Bosnia and Herzegovina 154 150 74 65 ' 66 
Brazil 1,923 ' 2,239 2,348 2,350 * 2,750 
Виђрапае 3 234 * 210 128 ^^ 130° 130 
Burma 75 82 98 81 82 
Canada’ 7,562 5,740 3,540 2,717 2,555 P^ 
Chile 773 774 724 758 ' 918 4 
China* 48,000 46,000 45,000 47,000 48,000 
Colombia 200 200 190 * 200 * 200 
Croatia 335 330 234 240 * 240 
Сиђа“ (5) (5) (5) (5) (5) 
Cyprus 250 250 250 250 250 
Czech Republic 66 35 * 13 5* 11 
Dominican Republic 146 185 175 175 * 175 
Ecuador d EE E EN. = 
Egypt? 178 ' 456 ' 735' 840 ' 840 
El Salvador? 6 6 6 6 NA 
- Eritrea® 1 1 1 1 1 
Ethiopia^ 36 30 4 33 4 36 ' 36 ' 36 
France”? 4,800 2,339 * 2,300 2,300 2,300 
Germany, marketable” 1,898 2,112 1,898 1,822 2,021 4 
Greece” 500 500 500 500 500 
Guatemala 495 127 19 59° 50 
Honduras* 6 6 6 6 6 
Нипрагу“ 3 26 26 24 20 ' 20 
India* 2,500 2,550 2,600 2,650 2,700 
Indonesia 6 6 sos 7" 8 
Рап“ ' 12,000 11,251 "^ 13,000 13,000 13,000 
Ireland? 450 450 450 450 450 
Israel 83 10 9 100 ' 100 
Italy" 5,459 4 4,139 4 4,130 4,130 4,130 
Jamaica‘ 228 238 * 230 230 230 
Japan" 5,850 * 5,800 5,750 5,700 5,600 
Јогдап 288 232 ' 304 ' 292 ' 300 
Kenya? 5' 5“ 67 6' 6 
Laos* 775 775 775 775 775 
Latvia‘ 230 230 230 230 230 
Lebanon? 80 85 100 105 100 
Libya? 240 250 250 250 100 
Luxembourg? (5) (5) (5) (5) (5) 
ea 256 242 155 143 ' 163 * 
Mauritania 49 44 37 71° 75 4 
Mexico? 6,080 * 5,135 5,757 3,560 3,838 
Moldova 312 701 164 300 ' 320 
Mongolia* NA NA NA NA NA 
Morocco* 600 600 600 600 600 
Nicaragua" 40 40 | 40 40 40 
Niger? $7 9 9 9 9 
а. 290... 500 ‚350. ры 


See footnotes at end of table. 
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Отап 
Pakistan 
Рагарџау“ 
Peru 
Poland? 
Portugal? 
Romania* 
Russia‘ 
Saudi Arabia" 
Serbia‘ 
Slovakia" 
South Africa 
Spain 
Sudan? 
Switzerland" 
Syria 
Tajikistan" 
Tanzania" 
Thailand 
Tunisia" 
Turkey 


Turkmenistan" 


Џрапда“ 
Ukraine 


Country 


United Arab Emirates" 
United Kingdom"? 


United States? 


Uruguay? 

Venezuela 

Yemen" 
Total 


*Estimated. PPreliminary. 'Revised. NA Not available. -- Zero. 


TABLE 7—Continued 


(Thousand metric tons) 
2007 2008 
183 349 
703 730 ' 
5 5 
335 335 * 
1,492 1,481 
400 300 
707 885 * 
3,000 3,600 
2,100 2,300 
45 45 
151 152 
627 571 
15,000 15,000 ' 
8 13 
250 250 
448 573 
9 9 
53 56 
8,643 8,500 * 
157 177 
3,241 3,000 
100 100 
(5) (5) 
742 1,158 
150 200 
1,700 1,700 
15,700 12,300 
5 5 
7 7 
45 * 50 
167,000 157,000 ' 


GYPSUM: WORLD PRODUCTION, BY COUNTRY"? 


8,679 ' 
360 
3,100 
100 
(5) 
711 
200 
1,700 
10,100 " 
5 
7 
50 
148,000 " 


25 
450 
15 * 
19: 
9,985 ' 
360 
3,200 
100 
(5) 
679 ' 
150 
1,700 
8,800 ' 
5 
7 
65 


147,000 


50 
148,000 


'World totals, U.S. data, and estimated data аге rounded to no more than three significant digits; may not add to totals shown. 
*Table includes data available through June 25, 2012. 
Includes anhydrite. 


“Reported figure. 


Less than № unit. 


$Excludes byproduct gypsum. 


"Data are for years beginning March 21 of that stated. 
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HELIUM 
By Joseph B. Peterson! and Peter J. Madrid? 


Sales of Grade-A helium (99.995% or greater purity) by 
private industry were 48.3 million cubic meters? (about 1.74 
billion cubic feet) in the United States in 2011, and exports by 
private producers were 84.0 million cubic meters (about 3.03 
billion cubic feet) for total sales of about 132 million cubic 
meters (about 4.77 billion cubic feet) of U.S. helium, a 3.3% 
increase from that of 2010 (table 1). During 2011, domestic 
helium sales decreased by 5.7%, while helium exports increased 
by 9.3% compared with those of 2010. 


Legislation and Government Programs 


The Helium Privatization Act of 1996, Public Law 104.273, 
directed the Federal Helium Program to discontinue production 
and sale of refined helium by April 9, 1998. The Act also 
directed the Government to offer for sale the helium stored in 
the Federal helium reserve, in excess of 600 million cubic feet, 
between January 1, 2005, and January 1, 2015. 

The Act called for a National Academy of Sciences (NAS) 
study to determine the impact of selling the reserve using the 
pricing mechanism described in the Act. The first study was 
completed in 1998. Operational problems experienced by 
the helium plants in Algeria and Qatar during 2005 and the 
continued increase of helium exports from the United States 
have had an impact on pricing (helium suppliers increased 
the price of helium) and availability of cryogenic helium 
(helium supplies were disrupted), in particular, to the scientific 
community. During 2009, the NAS initiated a second study to 
reevaluate the impact of selling the reserve under the existing 
pricing mechanism to determine whether adjustments were 
needed that would optimize future availability of helium 
for its many scientific and industrial uses. The second study 
was completed in January 2010, and some recommendations 
by the NAS have been implemented by the U.S. Bureau of 
Land Management (BLM). One of the more noteworthy 
recommendations was to increase helium prices by developing a 
Pricing strategy that better reflected market based helium prices. 

The sale and disposal of the Exell Helium Plant in December 
2010 completed all closure requirements for helium production 
by the Federal Government. 


Assistant Field Manager, Helium Resources, U.S. Bureau of Land 
Management, Amarillo Field Office—Helium Operations, Amarillo, TX. 

"Chemical Engineer, Resources Evaluation, U.S. Bureau of Land 
Management, Amarillo Field Office—Helium Operations, Amarillo, TX. 

"All metric helium volumes herein are at 101.325 kilopascals absolute 
(14.696 pounds per square inch absolute) and 15? C (59? F). Helium volumes, 
reported in parentheses following metric units, are measured in cubic feet at 14.7 
Pounds per square inch absolute and 70° F—1,000 cubic feet (14.7 pounds per 
Square inch absolute and 70° F) equals 27.737 cubic meters (101.325 kilopascals 
absolute and 15° C) and 1 cubic meter (101.325 kilopascals and 15° C) equals 
· 36.053 cubic feet (14.7 pounds per square inch absolute and 70° F). 
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Production 


In 2011, 9 companies operated 17 privately owned domestic 
helium plants; an additional 5 plants were idle during the year. 
Of the 17 operating plants, 9 extracted crude helium from 
natural gas, and 8 plants produced Grade-A helium. Three of 
the idle plants were crude helium plants and two were Grade-A 
helium plants. No new helium plants came online in 2011. All 
but two extraction plants used cryogenic extraction processes. 

Total sales of U.S.-produced helium in 2011 increased by 
about 3.3% compared with those of 2010. АП natural gas 
processed for helium recovery came from gasfields in Colorado, 
Kansas, Oklahoma, Texas, Utah, and Wyoming (figure 1). 
During 2011, 10 private plants purified helium by using pressure 
swing adsorption technology. Eight privately owned plants 
that produced Grade-A helium also liquefied helium. The plant 
operators and plant locations are listed in table 2. 

Domestic production data for helium were developed by 
the BLM from records of its own operations as well as from 
its high-purity helium survey, an annual voluntary canvass 
of private U.S. operations. Of the eight operations to which a 
survey request was sent, all responded, and those data plus data 
from BLM operations represent 10096 of the total helium sales 
and recovery data listed in table 3. 

About 3.2896 more helium was produced from the 
Government's helium reserve at Cliffside field in 2011 than 
during 2010. Most domestic helium production comes from the 
Midcontinent and Rocky Mountain regions of the United States. 
The measured helium reserves from which helium is produced 
are located in approximately 102 gasfields in 11 States. Most of 
these reserves are contained in the Hugoton field in Oklahoma, 
Kansas, and Texas; the Panoma field in Kansas; the Keyes field 
in Oklahoma; the Panhandle West and Cliffside fields in Texas; 
and the Riley Ridge area in Wyoming. 

During 2011, the BLM analyzed one natural gas sample from 
Texas in conjunction with its program to survey and identify 
possible new sources of helium. During the past 2 years, 
considerable efforts were focused on digitizing the information 
in the helium resources database, with the main goal of 
producing an updated map of helium reserves in the United 
States by 2014. e 


Consumption 


In 2011, private industry supplied 100% of domestic helium 
for U.S. consumption. The major domestic end uses of helium 
were cryogenics (26%), controlled atmospheres (22%), 
pressurizing and purging (17%), and welding (17%); other uses 
included chromatography, cryogenics, lifting gas, and magnetic 
resonance imaging applications dominated liquid helium use. 
Estimated 2011 domestic consumption by end use was based on 
revised figures for a 2009 end-use survey conducted by BLM’s 
Helium Operations to determine trends in helium usage. 
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In 2011, U.S. domestic helium consumption decreased 5.7% 
to 48.3 million cubic meters (about 1.74 billion cubic feet) 
compared with consumption for 2010. During 2011, U.S. helium 
exports increased 9.3% to 84 million cubic meters (about 3.03 
billion cubic feet), compared with those of 2010 (table 1). 

In-kind crude helium sales regulations (43 CFR part 3195) 
require helium refiners that sell helium to Federal agencies and 
their contractors to buy an equivalent amount of crude helium 
from the BLM. In 2011, in-kind crude helium sales were about 
4,55 million cubic meters (164 million cubic feet). The sales 
were made to eight companies through contracts with the BLM. 


Stocks 


The volume of helium stored in the BLM helium conservation 
storage system, including the conservation pipeline network 
and the Cliffside field, totaled about 403 million cubic meters 
(about 14.5 billion cubic feet) on December 31, 2011. The 
storage system contained crude helium purchased under contract 
by the Government from 1962 to 1973 and privately owned 
helium extracted by industry from natural-gas-supplying fuel 
markets and stored under contract. This privately owned helium 
is returned to the owners as needed for purification to supply 
private demand. During 2011, 10.9 million cubic meters (about 
393 million cubic feet) of privately owned helium was delivered 
to the BLM’s helium conservation system, and 72.0 million 
cubic meters (about 2.60 billion cubic feet) were withdrawn, for 
a net decrease of 61.1 million cubic meters (about 2.20 billion 
cubic feet) of private helium in storage (table 4). 


Transportation 


Private producers and (or) distributors shipped helium, 
predominantly as a liquid, in semitrailers, which delivered the 
liquid helium to distribution centers, where some of it was 
gasified and compressed into trailers and small cylinders for 
delivery to end users. The remaining liquid helium was sold 
as bulk liquid or repackaged in Dewars of various sizes for 


delivery. 


Prices 


In fiscal year 2011, the price that the BLM charged private 
companies for crude helium was $2.70 per cubic meter ($75.00 
per thousand cubic feet), about 15.8% higher than that of 2010. 
The BLM crude helium price is set by the helium Act of 1996 
and is adjusted yearly based on the Consumer Price Index for 


the previous year. 


Foreign Trade 


In 2011, exports of Grade-A helium increased to 84.0 million 
cubic meters (3.03 billion cubic feet), a 9.3% increase compared 
with those of 2010 and accounted for about 63.5% of sales of 
U.S.-produced helium; private industry supplied all U.S. helium 
exports. Regionally, Asia received 48% of the helium exported 
from the United States; Europe, 27%; North America, Central 
America, and the Caribbean, combined, 1496; South America, 
6.5%: the Middle East and Africa, combined, 2.5%; and 
Australia and New Zealand, combined, 1%. For 2011, import 
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tariffs on helium remained at 3.7% for normal trade relations 
(NTR) nations and 25% for non-NTR nations. 


World Review 


Total world production was approximately 172 million 
cubic meters (about 6.20 billion cubic feet) in 2011. Excluding 
the United States, world production capacity of helium was 
estimated to be about 40 million cubic meters (1.43 billion 
cubic feet) in 2011 (table 5). Helium was produced in Algeria, 
Australia, Poland, Russia, and Qatar. Worldwide, several new 
helium plant projects were scheduled for startup between 2012 
and 2018. 


Outlook 


From 2006 through 2011, the total global market for U.S. 
produced helium increased steadily by about 2% per year. 
Owing to the slow U.S. economic recovery, U.S. domestic 
helium consumption is expected to remain stable during 2012. 
Foreign helium demand is expected to increase during 2012. 
Even with the anticipation that foreign helium production will 
increase during 2012, increased foreign demand is expected to 
result in increased U.S. helium exports of about 5% compared 
with 2011 exports. 
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TABLE 1 
TOTAL SALES OF GRADE-A HELIUM 
PRODUCED IN THE UNITED STATES! 


(Million cubic meters) 


Volume 

Domestic Total 

Year sales Exports? sales 
2007 73.5 64.2 138 
2008 59.6 69.9 130 
2009 46.5 71.1 118 
2010 51.2 76.8 128 
2011 48.0 84.0 132 


‘Data are rounded to no more than three 
significant digits; may not add to totals shown. 
*Source: U.S. Census Bureau. 


TABLE 2 
OWNERSHIP AND LOCATION OF HELIUM EXTRACTION PLANTS IN THE UNITED STATES IN 2011 


Owner or operator Location Product purity 

Air Products Helium, Inc. Hansford County, TX Grade-A helium.! 

Do. Liberal, KS Do. 
BP America Production Company. Sunray, TX Crude helium. 
Do. Ulysses, KS Do. 

DCP Midstream Cheyenne Wells, CO Crude and Grade-A helium.! 
Do. Hansford County, TX Crude helium. $ 
Do. Liberal, KS Do. 

Do. | Вогрег, ТХ Ро. 

EnCana Oil & Gas (USA) Inc.” Moab, UT Crude and Grade-A helium. ! 

ExxonMobil Gas Marketing Co. Shute Creek, WY Do. 

IACX Energy? Otis, KS Crude helium. 

K-L Energy Partners, LLC? Lakin, KS Do. 

Linde Global Helium, Inc. Otis, KS Grade-A helium.’ 

Midstream Energy Services, LLC* Keyes, ОК Crude and Grade-A helium.! 

Nacogdoches Oil & Gas? Shiprock, NM Сгаде-А helium. 

ОМЕОК, Field Services? Bushton, KS Crude helium. 

Ро Scott City, KS Do. 
Pioneer Natural Resources Co. Fain, TX Do. 
Do. Satanta, KS Do. 

Praxair, Inc. Bushton, KS Grade-A helium. ! 
Do. Ulysses, KS Do. 

SemGas, L.P.° Dodge City, KS Crude helium. 


Do. Ditto. 

"Including liquefaction. 

?Plant did not produce helium during 2011. 

?Plant came online May 2009. 

*Midstream Energy Services, LLC purchased plant from Nathaniel Energy in March 2009. 
Output is piped to Ulysses, KS, for purification. 

$Plant shut down April 2009. 
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Helium Resources of the United States, 2003. U.S. Bureau of 


Helium Resources of the United States, 2007, U.S. Bureau of 
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TABLE 3 
HELIUM RECOVERY IN THE UNITED STATES' 


(Thousand cubic meters) 


se SS a АЕ Se 
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2007 2008 2009 2010 2011 
Crude helium: a ee сна ЫШ 
Bureau of Land Management (BLM) sold (in-kind 
and open market) 58,800 50,300 30,200 66,000 63,800 
Private industry: 
Private helium accepted and stored by BLM 15,800 21,600 15,800 12,400 10,900 
Helium withdrawn from storage -76,500 -71,500 -55,400 -65,200 -72,000 
Total net helium put into storage -60,700 -49,900 -39,600 -52,800 -61,100 
Grade-A helium: 
Private industry sold 137,700 129,500 117,600 127,900 132,300 
Total helium stored -60,700 -49,900 -39,600 -52,800 -61,100 
Helium recovery from natural gas 77,000 79,600 78,000 75,100 71,200 


___ Helium recovery тот пага pes ____________ 
Negative numbers denote a net withdrawal from BLM’s underground storage facility, a partially depleted natural gas reservoir at the 


Cliffside field near Amarillo, TX. 


TABLE 4 


SUMMARY OF BUREAU OF LAND MANAGEMENT HELIUM CONSERVATION STORAGE SYSTEM OPERATIONS"? 


(Thousand cubic meters) 


Henum 1n conservation УК бре ој и 


у a r ОЕ 
2009 2010 2011 
Helium in conservation storage system on January 1: 
Stored under BLM conservation program" 532,500 500,500 433,000 
Stored for private producers under contract 28,000 18,600 31,800 
Total” 560,500 519,100 464,800 
Input to system: 
Net deliveries from BLM plants a M = 
Stored for private producers under contract 15,800 12,400 10,900 
Total? 15,800 12,400 10,900 
Redelivery of helium stored for private producers under contract -55,400 -65,200 -72,000 
Net addition to system" -39,600 -52,800 -61,100 
Helium imconservation storage system on December 31: 
Stored under BLM conservation program’ 500,500 433,000 368,500 
Stored for private producers under contract 18,600 31,800 34,400 
Total” 519,100 464,800 402,900 
-- Zero. 


‘Crude helium is injected into or withdrawn from BLM's underground storage facility, a partially depleted natural gas reservoir at the 


Cliffside field near Amarillo, TX. 
Negative numbers denote а net withdrawal from BLM’s storage facility. 


35Net additions to system do not include in-kind crude sales or transfers. Totals, however, do include crude sales and transfers. 


TABLE 5 
WORLD GRADE-A HELIUM 
ANNUAL PRODUCTION CAPACITY 
AS OF DECEMBER 31, 2011 


(Million cubic meters) 


Capacity 
United States! 132 
Rest of world" 40 
Total’ 172 


_ Total _________________________------ 


"Estimated. 
‘Includes plants on standby as well as operating plants. 
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FIGURE 1 
MAJOR U.S HELIUM-BEARING NATURAL GAS FIELDS 
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The Panoma Gasfield underlies the western 
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FIGURE 2 
HELIUM RECOVERY IN THE UNITED STATES, 1960-2011 
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INDIUM 


By Amy C. Tolcin 


The U.S. imports table was prepared by Wanda G. Wooten, statistical assistant, and the world refinery production table was 


prepared by Lisa D. Miller, international data coordinator. 


All refined indium produced in the United States during 
2011 came from the refining of lower grade imported indium 
metal and from the refining of scrap. Two refineries, one in 
New York and the other in Rhode Island, produced the majority 
of domestic indium metal and indium compounds in 2011. А 
number of smaller companies produced specialty indium alloys 
and other indium products. 


Production 


Globally, zinc concentrates were the principal source of 
indium. Although the United States was a significant producer 
of zinc concentrates, primary indium was not known to be 
recovered from these concentrates. 

Lithic Resources Ltd. (Vancouver, British Columbia, Canada), 
continued to develop its Crypto zinc-copper-indium project in 
Utah. The deposit would be developed as an underground mine 
with an onsite mill that would produce zinc-indium and copper- 
gold-silver concentrates. The mill would be designed to process 
3,500 metric tons per day of ore, and mine life was expected to 
be 10 years. Based on a November 2009 evaluation, indicated 
resources at Crypto contained 283 metric tons (t) of indium. The 
company has owned the property since 2005 (Lithic Resources 
Ltd., 2010). 

In the United States, indium metal was not produced as a 
byproduct at any zinc or lead refinery. Domestic production 
of indium consisted of upgrading imported indium metal and 
powder. Lower grade (99.97%) and standard-grade (99.99%) 
imported indium was refined to purities of up to 99.99999%. 
Indium metal was sold in various forms (foil, ingot, powder, 
ribbon, wire, and others). Indium Corp. of America (ICA) 
(Utica, NY) and Umicore Thin Film Products (Providence, RI, 
a division of Umicore NV, Brussels, Belgium) accounted for the 
majority of U.S. production of indium metal and products. 


Consumption 


Indium Tin Oxide.—Production of indium tin oxide (ITO) 
was the leading use of indium. ITO was principally used for 
electrically conductive purposes in a variety of flat-panel display 
devices—most commonly, liquid crystal displays (LCDs). 
Global ITO production capacity was about 1,970 metric tons 
per year (t/yr). Most ITO production was concentrated in Japan. 
Significant quantities of ITO were also produced in China, 
the Republic of Korea, and Taiwan. In the United States, ITO 
was produced by AIM Specialty Materials USA (Cranston, 

RD, Exotech Inc. (Pompano Beach, FL), ICA, 5N Plus Inc. 
(Saint-Laurent, Canada), and Umicore. Umicore reported 
Increased sales volumes of ITO targets in 2011 compared with 
that of 2010 owing to increased demand for architectural glass 
and flat-panel displays, specifically high-end consumer LCDs 
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and touch screens (Roskill’s Letters From Japan, 2011; Umicore 
NV, 2012, p. 34). 

Alloys and Solders.—Alloys and solders were the second 
leading end use of indium globally. Indium-containing solders 
have lower crack propagation and improved resistance to 
thermal fatigue when compared to tin-lead solders. They also 
inhibit the leaching of gold components in electronic apparatus. 
Certain types of indium alloys can be used as bonding agents 
between nonmetallic materials, such as glass, glazed ceramics, . 
and quartz. Indium was also used in dental alloys and in white 
gold alloys. Other indium alloys were used as a substitute for 
mercury and for nuclear control rods. 

Other.—Another important use of indium was for Ш-У 
semiconductor materials for light-emitting diodes (LEDs) 
and laser diodes. In indium-based semiconductors, indium 
antimonide, indium arsenide, or indium phosphide can be used 
as the substrate, and several indium-containing compounds 
can be used as the epitaxial layer (or substrate coating), such 
as indium gallium arsenide. Indium-based LEDs were used 
predominantly to optically transmit data and, to a lesser extent, 
in LED displays. Indium-based laser diodes were used in 
fiber-optic communications. 

Sensors Unlimited Inc. (Princeton, NJ) developed a shortwave 
infrared camera which uses indium gallium arsenide imaging. 
The camera can image through low visibility conditions (such 
as, dust, haze, fog, and smoke) and was developed for use in 
aerospace, marine, and military applications that would require 
persistent surveillance (Sensors Unlimited Inc., 2011). 


Prices 


In 2011, the average annual Platts Metals Week New York 
dealer price range for indium [99.99% minimum purity in 
minimum lots of 50 kilograms (kg)] was $665 to $705 per 
kilogram. Indium prices began the year ranging from $520 to 
$570 per kilogram and increased through the first half of the 
year, reaching a high of $800 to $875 per kilogram in June 
Subsequently, prices generally declined through December. 
ending the year at $630 to $670 per kilogram. 

According to Platts Metals Week, the ICA producer price 
for indium [(99.9796 purity, 1-kilogram bars in lots of 311k 
(10,000 troy ounces)] began the year at $570 per kilogram ТЕ А 
raised the price to $690 per kilogram in early April and then to 


$785 per kilogram in M i i 
vs p gram in May, where it remained for the rest of the 


Foreign Trade 
During 2011, U.S. imports for consumption of unwrought 


indium metal and indium powders total 
| | ед 146 t, а 24% ; 
from the 117 t imported in 201 0. Leading suppliers del ни 
еге 
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China (34%), Belgium (16%), and Canada (15%). There was 
no exclusive domestic export classification code for unwrought 
indium and indium powders. 


World Review 


Australia.—At the Baal Gammon polymetallic (copper- 
tin-silver-indium) project near Herberton, owned by Monto 
Minerals Ltd. (West Perth) and operated by Kagara Ltd. 

(Perth), blasting and prestripping began in October, and by late 
November, the first shipments of ore were trucked to the nearby 
Mt. Garnet copper mill for processing. Inferred and indicated 
resources at Baal Gammon were 2.8 million metric tons (Mt) 
containing 39 grams per metric ton (g/t) of indium (Monto 
Minerals Ltd., 2012). 

Belgium.—Indium metal was produced at Umicore’s precious 
metals refinery at Hoboken, near Antwerp. A special metals 
plant at the refinery recovered indium from dusts and residues 
generated by the facility’s lead refinery. Production capacity was 
50 t/yr of indium. The facility also reclaimed copper, indium, 
gallium, and selenium from scrap copper-indium-gallium- 
diselenide (CIGS) solar cells, which the company then used in 
the manufacture of new CIGS solar cells. 

Bolivia.—Bolivia was a significant producer of 
indium-bearing concentrates, which were exported and 
processed elsewhere. 

In May, South American Silver Corp. (Vancouver, Canada) 
released an updated economic assessment of its Malku Khota 
silver-indium project. The new assessment raised the projected 
indium production rate at the mine during the first 5 years of 
production to 80 t/yr from the previously expected 40 t/yr. The 
company planned to move the project into the feasibility stage 
during 2012 (South American Silver Corp., 2011). 

Brazil.—Votarantim Metais ( São Paulo) resumed construction 
of the polymetallic plant at its zinc smelter in Juiz de Fora 
after construction was put on hold in 2009 owing to declining 
economic conditions. The plant was designed to recover metals 
from zinc-containing wastes, such as electric arc furnace dust 
and leaching residues, as well as ores with a low zinc content. 
Upon completion, the plant would increase zinc production | 
capacity at Juiz de Fora by 15,000 t/yr and recover a few metric 
tons per year of refined indium (American Metal Market, 
2011c). 

Canada.—Refined indium was produced at Teck Resources 
144.78 (Vancouver) lead-zinc metallurgical complex at Trail, 
British Columbia. Indium production capacity at Trail was about 
"d indium-containing deposits were being explored or 
were under development in Canada, including Adex Mining 
Inc.’s (Toronto) North Zone deposit in southwestern New | 
Brunswick, Alexco Resource Corp.’s (Vancouver) Onek Mine 
area in northern Yukon, and Avalon Rare Metals Inc.’s (Toronto) 
East Kemptville deposit in southwest Nova Scotia. In 201 1, 

North Zone zinc-tin-indium 


Adex continued to develop the | | 
deposit at the Mount Pleasant Mine area. The company built a 


| inc-indi trates containing 
t plant that produced zinc indium concen | 
E 0 gt indium, as well as developed a hydrometallurgical 
rocess involving solvent extraction and solution purification 
that produced indium sponge grading 96.2576 indium. In 
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October, Adex began a definitive feasibility study of Mount 
Pleasant and expected a production decision by yearend 2012, 
which could lead to full production startup in 2014 (Adex 
Mining Inc., 2011, p. 4, 6). 

China.—1n 2011, China was the leading producer of refined 
indium, accounting for more than one-half of global primary 
production. The country produced 380 t of indium in 2011, а 
12% increase from that of the previous year (table 2). 

China exported 106 t of indium in 2011, 15% less than in 
2010, and the leading destinations were Japan (68%) and Hong 
Kong (28%). China continued to restrict domestic exports of 
refined indium through an export licensing and quota system. 

In November, China raised the average production levels new 
applicants must have achieved in order to be eligible to receive 
an export license for 2012. From 2009 to 2011, base-metal 
smelters must have produced an average of 12 t/yr of indium, up 
from 4 t/yr; zinc chemical producers, 18 t/yr, up from 10 буг; 
and independent indium producers, 22 t/yr, up from 15 t/yr. 
Companies that already had export licenses were exempt from 
meeting the new criteria. The total indium export quota for 2011 
was 233 t, unchanged from that of 2010. Eighteen companies 
received an export license for 2011 with Zhuzhou Keneng 
New Material Co. Ltd. receiving the largest quota of 39.7t 
(Yao, 2011a; Antaike Precious & Minor Metals Monthly, 2012; 
Roskill's Letters From Japan, 2012). 

Chinese indium consumption increased in the past few years 
alongside an increase in domestic ITO production. Most of the 
ITO produced in China was manufactured using cold-sintering 
compression, which made it suitable for use in only twisted 
nematic (TN)-type LCDs. TN-type displays are relatively 
inexpensive and are commonly found in digital calculators, 
clocks, and watches. Five Chinese companies were reported 
to have consumed indium for the production of ITO in 2011, 
including, Liuzhou Huaxi Indium Material Co. Ltd., Ningxia 
Orient Tantalum Industry Co. Ltd., Weihai Lanhu Special 
Materials Co. Ltd., Yunnan Tin Group Co. Ltd., and Zhuzhou 
Smelter Group Co. Ltd. (Yao, 2011b). 

In 2011, two commodity exchanges trading indium were 
opened—the Kunming Fanya Nonferrous Metal Exchange in 
Yunnan Province and the Hunan Southern Precious Metals 
Exchange in Hunan Province. The Kunming Fanya was 
established partly to promote the nonferrous industry in Yunnan 
Province. Indium production in the Province accounts for about 
one-quarter of China's total indium production. Hunan is also an 
important indium-producing Province in China. In November, 
China's State Council ordered the Securities Regulatory 
Commission to begin investigating these small electronic 
commodity exchanges (there were reportedly more than 200) as 
many of them operated with Provincial, but not state approval 
(American Metal Market, 2011b; Metal-Pages, 2011a-<). 

France.—Nyrstar NV’s Auby zinc smelter had an indium 
recovery plant that produced a concentrate grading 20% — 
indium, which was sold to third parties for further po 
In 2011, Nyrstar committed capital to build a plant at w 
could produce refined indium. The plant was expected to be B 
commissioned in the first half of 2012 (Nyrstar NV, 2012, dab 

Germany.—Indium was produced at PPM Pure M ју 
(Langelsheim) and Aurubis AG (Hamburg). PPM reco" 
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indium from indium-containing materials at its special metals 
production facility in Langelsheim. The company produced 
high-purity indium ingot, semifinished products, and indium 
compounds. Aurubis also produced high-purity indium, which it 
consumed for the development of solar cells. 

India.—India’s Planning Commission began organizing 
a Government agency that would create and maintain a 
national stockpile of strategic metals, including indium. Initial 
investment to start the stockpile was to be about $200 million. 
The Planning Group also suggested that the Government form 
bilateral agreements with foreign countries for the supply 
of strategic materials, as well as offer incentives to private 
companies to produce these metals as byproducts of base-metal 
mining and smelting (Surendran, 2011). 

Japan.—Japan was a significant recycler of indium. 
Indium-recycling companies included Asahi Pretec Corp., Dowa 
Metals & Mining Co. Ltd., Nikko Metals, Mitsui Mining & 
Smelting, Sumitomo Metal Mining Co. Ltd., and Toho Zinc 
Co. Ltd. Dowa Metals & Mining operated an indium recycling 
facility in Akita Prefecture. Production capacity at the facility 
was 150 t/yr of secondary indium. Dowa also had the capacity to 
produce 70 t/yr of primary indium. Dowa’s production was sold 
to consumers in Japan. Asahi Pretec had the capacity to produce 
200 t/yr of secondary indium at its ITO target recycling plant in 
Fukuoka. 

Japan was also a leading consumer of indium. ITO production 
accounted for about 90% of the country’s consumption. Major 
Japanese indium consumers included ITO producers Mitsui 
Mining & Smelting, Nippon Mining & Metals, and Ulvac 
Technologies, Inc. Nippon Mining & Metals operated the 
world’s leading ITO production plant in Isohara near Tokyo, 
and Mitsui Mining & Smelting operated the second-ranked ITO 
manufacturing plant in Omuta. 

Korea, Republic of.—The Republic of Korea was a notable 
consumer of indium. A significant amount of this consumption 
was by Heesung Metal Ltd. (Seoul) and Samsung Corning 
Precision Materials Co. Ltd. (Seoul) for the production of ITO. 

The South Korean Government announced that it had 
designated indium as a critical overseas resource and, as such, 
would lend financial support to South Korean companies that 
invested in indium deposits abroad. The country reportedly held 
about 11 t of indium in a strategic metals stockpile 
(Metal-Pages, 2011d, e). 
| Korea Zinc Со. Ltd. (Seoul) produced primary and secondary 
indium at its Onsan zinc refinery. Indium production capacity 
at Onsan was thought to be 200 t/yr. Primary feedstock was 
sourced from zinc concentrates originating from Bolivia, and 
secondary feedstock was sourced from ITO producers. Young 
Poong Corp. (Seoul) also had the capacity to produce 30 t/yr of 
indium at its Sukpo zinc refinery. 

Peru.—Refined indium was produced at Votorantim Metais’ 
Cajamarquilla zinc refinery. Operations at Doe Run Peru’s La 
Oroya metallurgical complex, which has the capacity to produce 
a small amount of indium, were halted in June 2009 owing to 
environmental and financial problems. 

Poland.—Huta Cynku “Miasteczko Slaskie” S.A. (HCM), 

а Polish zinc producer, ran trials to recover indium in an alloy 
form. About 65% of HCM’s feedstock was secondary material, 
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and the balance was comprised of bulk lead-zinc concentrates 
sourced predominantly from the McArthur River Mine in 
Australia (American Metal Market, 2011a). 

Russia.—Chelyabinsk Zinc Plant OJSC and Ural Mining and 
Metals Co. produced refined indium. Refined indium produced 
in Russia was exported. 


Outlook 


Demand for indium is expected to continue to follow demand 
for ITO for LCD production. Shipments of mobile devices 
continue to increase, with substantial increases forecast for 
media tablets and smartphones. The market share of LCD 
televisions is increasing, while that of plasma-display panels and 
cathode-ray-tube televisions is decreasing. In 2011, shipments of 
LCD televisions increased by 7% from those of 2010 and were 
projected to rise by 5% in 2012. Globally, growth in demand for 
LCD televisions will be the strongest in developing countries 
(DisplaySearch, 2012). 

On the supply side, China was expected to continue to be 
the main global supplier of primary indium. Outside of China, 
Japan and the Republic of Korea have increased their recycling 
capabilities, and some additional primary production capacity 
is likely to be added in Brazil and France. Several exploration 
projects, mostly in Canada and South America, were advancing, 
but it remained uncertain when these projects will come 
onstream. 
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TABLE 1 
U.S. IMPORTS FOR CONSUMPTION OF UNWROUGHT INDIUM AND INDIUM 
POWDERS BY COUNTRY’ 
— 30 ______ 2 __ 
Quantity Value Quantity Value 
Country (kilograms) (thousands) (kilograms) (thousands) 
Belgium 12,300 $6,040 23,700 $14,300 
Canada 23,500 12,300 21,400 13,600 
China 27,400 13,600 49,700 32,300 
Czech Republic -- -- 131 69 
Germany 344 164 1,620 945 
Hong Kong 6,540 3,350 4,020 2,100 
India -- -- 300 158 
Israel -- -- 93 40 
Japan 21,300 10,700 11,900 7,160 
Kazakhstan 164 83 — -- 
Korea, Republic of 450 181 6,140 4,740 
Laos 652 46 -- – 
Malaysia 921 334 36 4 
Netherlands -- -- 4,050 3,140 
Russia 3,390 1,870 1,340 936 
Switzerland 209 123 -- - 
Taiwan 6,760 3,490 7,350 4,800 
Thailand • 697 68 912 59 
United Kingdom 12,900 6,350 11,200 6,190 
Venezuela — -- 2,000 477 
— Zero. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 


TABLE 2 
INDIUM: ESTIMATED WORLD REFINERY PRODUCTION, BY COUNTRY! 


(metric tons) 
| Country 2007 2008 2009 2010 2011 
в -- 5' 5" 5 5 
Canada 61 57 50 67 75 
China 370 340 330 340 380 
Germany? 10 10 10 10 10 
Italy 5 5 5 5 5 
Јарап 60 65 67 69 ' 70 
Kazakhstan МА " МА ' NA‘ МА ' N 
Korea, Republic of 70 75 70 120 | 
Netherlands 5 5 5 5 i 
Peru | 5 6 2 2 А 
Russia е 10 10 4 МА : 
Ukraine 
NA NA NA NA NA 


United Kingdom 5 5 5 5 


Тога! 631 613 583 658 ' > 


‘Table includes data available through July 16, 2012. 
Production of indium reinstated, because both PPM Pure Metals GmbH (PPM) and Aurubi 
20, because | s AG [formerly N 

reported that they were producing indium in 2007. Aurubis AG is reportedly using its own ж. їп ни ашин 
estimates of indium production were actually available. This data represents only estimated producti 

исп 
special metals plant. i ЕЕ - 
‘Information is not adequate to estimate production. 


Affinerie AG (NA)] 
cell technologies, but no 
mpany’s Langelsheim 
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IODINE 


By Désirée E. Polyak 


Domestic survey data and tables were prepared by Shonta E. Osborne, statistical assistant, and the world production table 


was prepared by Lisa D. Miller, international data coordinator. 


Iodine production and apparent consumption in the United States 
increased in 2011 compared with that of 2010. Data for production 
and apparent consumption were withheld to avoid disclosing 
company proprietary data. Reported consumption by producers and 
consuming industries was 4,740 metric tons (t) in 2011 compared 
with the revised 4,640 t in 2010. Crude and sublimed iodine exports 
decreased to 900 t valued at $19.2 million in 2011 compared with 
1,070 t valued at $22.3 million in 2010. Imports of crude iodine 
increased to 6,590 t valued at $251 million in 2011 compared 
with 5,710 t valued at $139 million in 2010. World production, 
excluding U.S. production, was estimated to be 26,800 t in 2011 
compared with the revised 26,500 t in 2010. 


Legislation and Government Programs 


In 2008, the U.S. Environmental Protection Agency (EPA) 
approved the restricted use of the soil fumigant iodomethane 
(commonly known as methyl iodide) as an alternative to 
the ozone-depleting methyl bromide. To use the compound, 
companies must provide training for employees and satisfy risk 
mitigation requirements set by the EPA. Respirators or ducted 
fan and blower systems must be used by workers applying the 
fumigant. Tarps must be placed over treated fields, and buffer 
zones must be established around fields where the fumigant will 
be applied. Use of the fumigant was prohibited within a specified 
distance from such sites as day-care facilities, nursing homes, 
prisons, and schools. Methyl iodide can be used to control insects, 
nematodes, plant pathogens, and weeds on crops, turf, and plants 
such as ornamentals, peppers, strawberries, tomatoes, trees, 
and vines. The EPA concluded three field studies conducted in 
Georgia, Florida, and Michigan consisting of human health risk 
assessments and emission studies of methy] iodide applied to 
fields using impermeable tarps, and found that emissions were 
significantly reduced compared to typical practices, which were 
quantified in previous emissions studies (U.S. Environmental 
Protection Agency, 2011). Arysta LifeScience Corp., a Japanese 
manufacturer of methyl iodide, suspended sales, marketing, 
and production of all formulations of its fumigant MIDAS®, or 
methyl iodide, in the United States. MIDAS® had come under 
harsh criticism from environmentalists and farm workers who 
claimed the chemical was toxic and may cause cancer 
(Arysta LifeScience Corp., 2012). 


Production 


The U.S. Geological Survey obtained domestic production 
data for iodine from a voluntary canvass of three U.S. operations 
(table 1). U.S. production increased slightly in 2011 from that 
of 2010. Data were withheld to avoid disclosing company 
Proprietary data. 
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IOCHEM Corp. (a subsidiary of Toyota Tsusho America, Inc.) 
produced iodine near Vici, in Dewey County, OK. Woodward 
Iodine Corp. (owned by Ise Chemical Corp. of Japan) produced 
iodine near Woodward, in Woodward County, OK. Іоћпа plc 
produced iodine in northern Montana. 

In March, Iofina entered an agreement with water treatment 
company, Anticline Disposal, LLC (a subsidiary of High 
Sierra Energy, LP) to increase throughput of iodine-rich brines 
to produce 3.5 t of iodine per month. Iofina was expected to 
pay 100% of the cost to install and operate a compact iodine 
recovery unit and was expected to start production in 2012. 
This was expected to be the first commercial iodine extraction 
to take place in Wyoming (Јоћпа plc, 2011). The company 
used a proprietary wellhead extraction technology, which was 
comparable to that used in the iodine-gas fields in Mobara, 
Japan. Тоћпа was expected to offer the technology to third-party 
producers on a contract basis, allowing the company to expand 
production without acquiring further properties. 


Consumption 


U.S. apparent consumption of iodine, which is withheld to 
avoid disclosing company proprietary data, increased by 17% 
in 2011 from that of 2010. Reported consumption by producers 
and consuming industries increased to 4,740 t in 2011 compared 
with 4,640 t (revised) in 2010. Accurate end-use statistics 
are difficult to gather because domestic and imported iodine 
were used to produce many intermediate iodine compounds, 
usually by downstream manufacturers. However, 17 of the 2] 
companies to which a survey form was sent responded to the 
annual or preliminary surveys, representing 95% of the total 
consumption by major domestic users of iodine (tables 1, 2). 
Use of iodine in manufacturing decreased slightly in 2011 
compared with that of 2010 (table 2). Consumption of crude | 
iodine increased slightly and production of potassium iodide (KI) | 
was about four times that of 2010. Consumption of miscellaneous 
and other inorganic iodine products, which includes cuprous 
iodide and potassium iodate, decreased slightly. Consumption of | 
o iodine compounds increased by 18%. | 
ommercial crude iodine normally has a mini i | 
99.5% (о 99.8%, depending on the aola за, ‘no E 
of quantity, are primarily insoluble materials, iron ишш Y 
and water. The U.S. Pharmacopeia specifies an iodine cont ge 
not less than 99.894 for commercial iodine. The Committ a 
Analytical Reagents of the American Chemical Socie i di a 
а maximum of 0.005% total bromine and chlorine an 0, jus 
nonvolatile matter in its specifications for iodine aiii 
Biocides and Disinfectants.—Since iodine is - f 
effective medical antiseptics available, it was used 5n — 


biocides and disinfecting chemicals. Iodophors, water-soluble 
chemical complexes designed to carry large amounts of iodine, 
were incorporated into disinfectants for use in dairies, food 
processing plants, hospitals, and laboratories. The National 
Aeronautics and Space Administration (NASA) uses iodine 

in its water disinfection process on all manned space flights 
and in the international space station. Iodine is a cost-efficient, 
effective, and simple means of water disinfection. 

Catalyst —lodine catalysts were used to manufacture 
acetic acid and synthetic rubbers. Acetic acid was used in 
the manufacture of certain adhesives, dyes, pharmaceuticals, 
plastics, surface coatings, and vinegar. Most acetic acid is 
produced using the methanol carbonylation process, which uses 
methyl iodide at an intermediate step. Catalysts were generally 
recycled and reused in new processes. 

Chemicals.—lodine was used as a stabilizer in the manufacture 
of nylon for tire cord and carpets and for converting resins, tall 
oil, and other wood products to more stable forms. 

Medical.—Radiopaque agents, drugs that absorb x rays, are 
used to help diagnose certain medical ailments and may contain 
iodine. Radiopaque-diagnosed medical problems include brain 
disorders, cardiac disease, central nervous system disorders, 
cerebrospinal fluid disorders, disk disease, gastrointestinal 
(gall bladder) disorders, peritoneal disorders, splenic and 
portal vein disorders, urinary track disorders, and vascular 
disease. Potassium iodide was used as an expectorant in cough 
medicines. Hydriodic acid and KI were used in the synthesis of 
amphetamine, ethylamphetamine, and methamphetamine, which 
are regulated stimulants. The isotope ]-131 was used to treat 
thyroid cancer and hyperthyroidism. M 

Using iodine as a radiocontrast agent in x-ray imaging has been 
found to increase the risk of kidney failure and was used with 
caution on patients with impaired kidney function (Tung, 2006). 
Barium sulfate, which was used primarily in digestive system 
imaging, can be used as an iodine substitute but is also known 

Many elements have higher atomic 


to cause complications. | 
numbers than iodine; however, no other element has the chemical 


characteristics that allow iodine to form soluble compounds with 
low toxicity. It is this latter property which makes 
iodine-containing contrast media suitable for radio graphy. 
Nutrition.—lodine is an essential component of thyroid 
hormones, which directly affect processes In the brain, heart, 
kidneys, muscles, and pituitary gland. Iodine deficiency 

can cause goiter in adults, increased mortality and impaired 
cognitive development in children, and reproductive failure. 
Iodine deficiency disorder can be prevented by consuming about 
150 milligrams of iodine per day for a human adult 

(Institute of Medicine of the National Academies, 2006). 

Other Uses. —Developments in digital imaging have allowed 
electronic prints and overhead transparencies to be produced 
without the need for wet processing film. The majority of 
current feature films, however, relied on printed film for 

hooting because film provides higher image resolution. In 
ie next decade, uses of iodine in films and processing may be 
limited to specialty film imaging as digital imagery d 
for motion pictures improves and digital equipment and printers 


become more affordable. 
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Iodine is used for manufacturing iodine-adsorbed polyvinyl 
alcohol polarizing films for liquid crystal displays (LCD) for 
electronic equipment, including appliances, computers, digital 
cameras, personal handheld devices, and televisions. Polarizers 
are added to LCDs to enhance the light contrast between the 
screen and the liquid crystals, making the LCD more visible. 
These polarizers are usually made from stretched polyvinyl 
alcohol films that contain iodine. 


Prices 


Prices for iodine and its derivatives continued to increase in 
2011. The average free alongside ship (f.a.s.) value for exported 
crude iodine in 2011 was $21.29 per kilogram, an increase 
from $20.81 per kilogram in 2010. The average declared cost, 
insurance, and freight (c.i.£.) value for imported crude iodine 
was $38.13 per kilogram in 2011, an increase from $24.39 per 
kilogram in 2010. The average declared c.i.f. value for iodine 
imported from Chile, the leading source country of imported 
iodine for the United States, was $40.40 per kilogram in 2011 
compared with $25.19 per kilogram in 2010. The average 
declared c.i.f. value for imported crude iodine from Japan was 
$21.73 per kilogram in 2011, an increase from $20.42 per 
kilogram in 2010. 

The spot price of crude crystal iodine, 99.5% minimum purity, 
in 50-kilogram drums delivered to the United Kingdom ranged 
from $31 to $33 per kilogram in January 2011. Prices continued 
to increase each month in 2011, and in June, prices ranged 
from $55 to $60 per kilogram. In December, prices ranged 
from $80 to $95 per kilogram (Industrial Minerals, 2011b-d). 
The substantial price increases resulted from the closure of | 
several plants in Japan after the March earthquake and tsunami. 
Actual prices for iodine are negotiated on long- and short-term 
contracts between buyers and sellers. 


Foreign Trade 


Net trade is not easily defined since iodine was exported 
and imported in many forms other than elemental iodine and 
KI. Exports of crude iodine decreased to 900 t with an f.a.s. 
value of $19.2 million in 2011 compared with 1,070 t valued 
at $22.3 million in 2010 (table 3). Exports of KI decreased to 
344 t with an f.a.s. value of $7.3 million in 2011 compared with 
442 t valued at $9.3 million in 2010. Exports of crude iodine 
to Canada and Germany represented 85% of total crude iodine 
exports in 2011. | ЕУ 

Imports of crude iodine increased to 6,590 t with a c.i.f. va 
of $251 million in 2011 compared with 5,710 t valued at | 
$139 million in 2010 (table 4). Imports of KI decreased to — 
with a c.i.f. value of $5.4 million in 2011 compared with a tot 
of 423 t valued at $9.7 million in 2010. Imports of crude p 
from Chile and Japan represented more than 99% of total cru 


iodine imports in 2011. 
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Azerbaijan.—In October, Azeryod, LLC (a subsidiary of ISR 
Holding) announced that production began at the third line of its 
Azer-Iod's Nefichalinsky iodide plant, which was expected to raise 
the plant’s capacity to 500 metric tons per year (t/yr) of iodine 
(ISR Holding, 2011). 

Chile.—Chilean producers, which produced 60% of the 
global iodine supply in 2011, were operating near capacity. 
Sociedad Quimica y Minera de Chile S.A. (SQM), the leading 
iodine producer worldwide, reported sales of 12,200 t of iodine 
and iodine derivatives valued at $455 million in 2011, compared 
with 11,900 t of iodine valued at $316 million in 2010 (Sociedad 
Quimica y Minera de Chile S.A., 2011b, p. 2). Other Chilean 
producers were ACF Minera S.A., Atacama Chemical S.A., and 
Cosayach Nitratos S.A. 

SQM operated four operations in Chile that produced 
iodine and nitrates from caliche ore—Pedro Valdivia, Maria 
Elena, Nueva Victoria, and Pampa Blanca. In February 2010, 
production at Pampa Blanca and a mine within Maria Elena 
was suspended owing to decreased global demand. According 
to SQM, both operations were restarted by the first quarter of 
2011, owing to recovery in demand. SQM was operating at full 
capacity in 2011. The company planned to increase capacity to 
14,000 t/yr from 12,000 t/yr by 2014. SQM’s iodine and iodine 
derivatives division increased sales in 2011 by 35% to $117.2 
million compared with sales in 2010 (Industrial Minerals, 

201 1a). 

ACF Minera was developing a new mining operation, the 
Algorta Norte project, in the Antofagasta Region of Chile 
(Sociedad Química у Minera de Chile S.A., 201 1a, p. 28). ACF 
Minera had an expansion project through a joint venture with 
Japan trading group, Toyota Tsusho Corp. The companies jointly 
invested in the Algorta Norte project to produce 4,000 t/yr of 
iodine (Industrial Minerals, 201 la). 

Atacama Minerals Corp., a publicly held Canadian company 
operating the Aguas Blancas Mine in northern Chile, hired 
a new management team in October to expand its capacity 
(Industrial Minerals, 2011a). The company changed its name 
to Sirocco Mining Inc. on January 24, 2012. The Aguas Blanca 
Mine produced 1,256 t of iodine in 2010 and produced 1,122 t 
in 2011. Increased iodine prices during 2011 contributed to 
33% higher revenues than in 2010. Higher revenues were 
partially offset by increased production costs as the company 
experienced higher power and personnel costs in 2011. The 
company was expected to increase iodine production to between 
1,350 t and 1,450 t of iodine in 2012 (Sirocco Mining Inc., 
2012). 

Cosayach has a capacity of 7,500 t/yr of iodine from its three 
operations—Negreiros (40%), Soledad (40%), and Cala Cala 
(20%). The operations produce an iodine solution, which is 
brought by trucks to the Cala Cala refinery to produce prilled 
iodine, iodine flakes, as well as byproduct nitrates. In 2011, the 
company produced only 4,000 t of iodine, owing to long-term 
water shortage problems. More than 20 alleged illegal water 
wells installed near the Cala Cala operation were shut down in 
September. The company was working with local authorities to 
find a solution to the problem, including purchasing more water 
rights and building a seawater pipeline. The seawater pipeline 
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was expected to be in operation by the beginning of 2013 
(Industrial Minerals, 20112). 

Japan.—In March, the damage caused by the earthquake 
and tsunami at the Fukushima Daiichi nuclear powerplant in 
northern Honshu caused radioactive iodine to leak into Japanese 
food and water supplies. This triggered worldwide panic buying 
of potassium iodide tablets, which were used to reduce the 
ability of the thyroid gland to absorb and retain radioactive 
iodine. The potassium iodide tablet supply shortfall was 
exacerbated further because of the damage of the earthquake, 
which disrupted iodine production and supply within Japan 
itself. Japanese production was disrupted for at least 3 months 
after the earthquake, according to some analysts (Industrial 
Minerals, 2011а). 


Outlook 


According to Roskill Information Services Ltd., during 
2010 to 2014, world consumption of iodine is forecast to rise 
by an average of 3.596 per year and was expected to reach 
30,500 t (Roskill Information Services Ltd., 2010, p. 5). The 
water treatment market is expected to increase, with higher 
growth anticipated in Asia. Expanding treatment of municipal 
water supplies could increase the demand for biocides and 
disinfectants in the future. Use of x-ray contrast media, which 
contain as much as 60% iodine, is expected to increase. More 
medical tests on an aging population could also result in 
increased demand for iodine-containing x-ray contrast media. 

Another major application expected to heavily influence 
iodine demand, mainly in Asia, is optical polarizing film 
(OPF) for LCD screens. According to some analysts, LCDs are 
expected to remain the most commonly used technology for at 
least the next 5 years after which they are expected to receive 
increased competition from technologies that do not use OPF. 
The most likely competition is expected to be from organic 
light emitting diode products and plasma televisions (Industrial 
Minerals, 20114). 

Jodine recycling continued to increase in 2011. Several 
Japanese producers have recycling facilities where they recover 
iodine and iodine derivatives from iodine waste streams, which 
were estimated to represent 70% to 75% of world recycling. 
Iodine recycling, mainly related to LCD consumption, 
has increased during the past few years and represents 
approximately 1596 of world iodine sales (Sociedad Química y 
Minera de Chile S.A., 201 1a, p. 28). 
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ТАВГЕ 1 
SALIENT IODINE STATISTICS' 

(Metric tons and dollars) 
= 2007 2008 2000 2000 201 
Production WwW W W W _ Ww 

Imports: EE 

Quantity, for consumption" 6,060 6,300 5,190 5,710 6,590 
Price, average" dollars per kilogram — 2101 . 2152 _ 25.55 24.39 ' 38.13 
Exports? 1,060 950 1,160 1,070 900 
_ Exports) м ————— О 
Reported" 4,540 ' 4,580 ' 4,550 4,640 ' 4,740 
___Керопе __6_6__________-- Pu a БУ Тт дш ис 
Аррагеп! W OO O к ______\У W \ 
26,300 — 26,500 27,200 ' 26,500 " 26,800 


World, production" 


М 


“Estimated. Revised. W Withheld to avoid disclosing company proprietary data. 
!Data are rounded to no more than three significant digits, except prices. 
?Source: U.S. Census Bureau information reported by Harmonized Tariff Schedule of the United States code 2801.20.0000. 


3Cost, insurance, and freight valuation. 


^Reported by voluntary response to the U.S. Geological Survey from a survey of domestic establishments. 
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TABLE 2 
DOMESTIC CONSUMPTION OF IODINE, BY PRODUCT"? 


2010 2011 
Number Quantity Number Quantity 
Product ofplants (metric tons) of plants (metric tons) 
Inorganic compounds: 
Crude iodine 3 170° 1 171 
Resublimed iodine 7 699 6 108 
Potassium iodide 4 122 3 527 
Sodium iodide 1 10 3 145 
Ammonium iodide -- -- 1 (з) 
Hydriodic acid 3 181 3 124 
Potassium iodate 3 34 3 40 
Miscellaneous iodate and iodides* 1 93 1 87 
Other inorganic compounds 4 752 4 494 
Total Хх? 2,060 ' XX? 1,700 
Organic compounds: 

Ethylenediamine dihydroiodide 2 256 2 226 
Povidine-iodine (iodophors) - -- 3 443 
Other organic compounds* 9 2,320 9 2,370 
Total Xx? 2,580 XX? 3,040 
Grand total XX 4,640 ' XX 4,740 


"Revised. XX Not applicable. — Zero. 


"Data are rounded to no more than three significant digits; may not add to totals shown. 
Reported by voluntary response to the U.S. Geological Survey in a survey of domestic establishments. 


>Less than % unit. 
“Includes ammonium iodide, calcium iodate, and cuprous iodide. 


*Nonadditive because some plants produce more than one product concurrently. 


“Includes methyl and (or) ethyl iodide and other unspecified products. 
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TABLE 3 


U.S. EXPORTS OF CRUDE IODINE AND POTASSIUM IODIDE, BY COUNTRY OF ORIGIN' 


2010 2011 
Quantity Value’ Quantity Value? 
Type and country of origin? (metric tons) (thousands) (metric tons) (thousands) 
Iodine, crude/resublimed: 
Belgium -- -- 19 $526 
Canada 203 $4,920 124 2,630 
Germany 661 14,000 643 14,000 
Italy 35 940 18 485 
Japan 28 509 16 305 
Malaysia 9 64 11 90 
Мехїсо 55 319 3 57 
Netherlands 10 221 -- — 
South Africa 33 551 47 769 
Other* | .39' |  3783' 20 336 
Total 1,070 22300 __ 900 19,200 
Potassium iodide:° 
Australia 14 338 3 52 
Chile 82 1,730 19 444 
China 3 77 16 476 
France 119 2,600 1 24 
Germany 35 862 4 64 
Japan | 10 24 408 
Korea, Republic of 25 452 20 349 
Mexico 13 370 11 271 
Netherlands _ — -- 28 486 
Russia 5 125 -— -- 
Saudi Arabia 31 702 58 1,530 
Singapore 5 82 11 188 
Taiwan _ 73 1,030 89 1,540 
Other? n 20' 505 ' 23 512 
таг 442 9,330 344 7250 


Revised. -- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


?Declared free alongside ship valuation. 


"Export information for crude and resublimed iodine and potassium iodide are reported by Harmonized Tariff 
Schedule of the United States codes 2801.20.0000 and 2827.60.2000, respectively. 


^includes countries with quantities less than 10 metric tons. 


Potassium iodide contains 76% crude iodine. 


SIncludes countries with quantities less than 5 metric tons. 


Source: U.S. Census Bureau. 
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TABLE 4 
U.S. IMPORTS OF CRUDE IODINE AND POTASSIUM IODIDE FOR 


CONSUMPTION, BY COUNTRY OF ORIGIN! 


2010 2011 
Quantity Value? Quantity Value? 
Type and country of origin? (metrictons) (thousands)  (metrictons) (thousands) 
Iodine, crude: 
Chile 4,770 $120,000 * 5,790 $234,000 
France 1 13 6 188 
India -- -- 13 245 
Јарап 937 19,100 € 777 16,900 
Other" 4 43 ' 5 95 
Total 5,710 139,000 : 6,590 251,000 
Potassium [оф де: 
Brazil 19 412' -- -- 
Canada 315 7,980 ' 233 3,310 
Chile 26 330 ' — -- 
Сегтапу 9 107 € 6 90 
India 35 646 ' 78 1,370 
United Kingdom 15 151 ' 41 486 
Other" 3 79° 8 151 
Total | 43 970' 366 540 
AGH 5400 


"Revised. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


"Declared cost, insurance, and freight valuation. 


Import information for crude iodine and potassium iodide are reported by Harmonized Tariff Schedule of 


the United States codes 2801.20.0000 and 2827.60.2000, respectively. 
“Includes countries with quantities less than 5 metric tons. 
"Gross potassium iodide contains 7696 crude iodine. 


Source: U.S. Census Bureau. 


TABLE 5 


CRUDE IODINE: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


Country 2007 2008 2009 2010 2011 
Azerbaijan 300 300 300 300 


(Metric tons) 


Chile? 15,473 ^ 15,503 ^ 17,399 * 15,793 "4 
China 570 570 580 590 
Indonesia 75 75 75 75 
Јарап 9,282 4 9,500 8,232 ^^ 9,216 "^ 
Russia 300 300 300 300 
Turkmenistan 270 270 270 270 
United States W W W W 
Uzbekistan 2 2 2 2 
Total 26,300 26,500 27,200 ' 26,500 ' 


'Revised. W Withheld to avoid disclosing company proprietary data; not included in total. 
World totals, U.S. data, and estimated data are rounded to no more than three si 
"Table includes data available through May 31, 2012. 


"Includes iodine production reported by Servicio Nacional de Geologia y Minería. 


"Reported figure. 


300 
16,000 
590 
75 
9,300 
300 


gnificant digits; may not add to totals shown. 


36.7 


IRON AND STEEL 


By Michael D. Fenton 


Domestic survey data and tables were prepared by Hoa P. Phamdang, statistical assistant, and world production tables were | 


prepared by Glenn J. Wallace, international data coordinator. 


The global recession of 2008-09 caused a retraction of global 
steel industries through 2009, followed by a weak and uneven 
recovery throughout 2010 and 2011, as demand decreased in the 
construction and automobile industries. Despite financial losses 
during the last quarter of 2010 by several steelmakers, many 
others predicted that they could raise prices in 2011 to offset 
raw material costs. By late 2011, the global steel market began 
to lose its recovered strength, and steelmakers began to slow 
production with the expectation of lower prices. U.S. capacity 
utilization for raw steel production, which had dipped to a low 
of 41% in April 2009, rose steadily to a high of 75% in May and 
June 2010, but then fluctuated significantly between 68% and 
75% during the second half of 2010 and through 2011, ending at 
75% in December 2011. U.S. apparent steel consumption, which 
had decreased to a low of 63 million metric tons (Mt) in 2009, 
after а high of 120 Mt in 2006 and 102 Mt in 2008, rebounded 
to 89 Mt in 2011. Apparent consumption in China, the world's 
largest producer and consumer of steel, was expected to fall by 
7% in 2011 from that in 2010 after a strong increase of 2594 in 
2009 from that in 2008, as China eased back on its economic 
boom and the effects of government stimulus packages faded. 
Unprecedented rises of iron ore and metallurgical coal prices 
adversely affected steelmaking companies and their customers 
worldwide. 

According to the World Steel Association (2012b), China 
was the top steel producer in the world during 2011 (684 Mt), 
with its leading steelmaker, Hebei Iron & Steel Group Co. Ltd. 
(44.4 Mt), placing second behind the world’s leading steelmaker 
ArcelorMittal (97.2 Mt). India was the world’s fourth-ranked 
steel producer (71.3 Mt), behind the United States (86.4 Mt), 
and ahead of the fifth-ranked producer Russia (68.9 Mt). China 
ranked first in the world for total exports of steel (47.9 Mt), 
followed by Japan (40.7 Mt) and the European Union (EU) 
(38.0 Mt). The EU ranked first in the world for total imports 
of steel (35.9 Mt) followed by the United States (26.9 Mt) and 
Germany (24.9 Mt). 

The American Iron and Stee] Institute (AISI) reported 
U.S. production of iron and steel and shipments of steel mill 
products. These data can be regarded as representing 100% of 
the raw stee] producers in the United States. World production 
of iron and steel was reported by the World Steel Association 
and by foreign government agencies. Consistent with 
international usage and Federal Government policy, the U.S. 
Geological Survey reported all data on iron and steel in metric 
units unless otherwise noted. 


Environmental Issues 


AK Steel Corp. of Middletown, OH, planned to build a 
5310 million powerplant that would use blast furnace waste 
gas that would ordinarily be flared. The U.S. Department of 
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Energy awarded AK Steel a $30 million grant, and the U.S. 
Environmental Protection Agency (EPA) has approved the 
project (Plain Dealer, The, 2012). 

In October 2011, the U.S. House of Representatives passed 
H.R. 2250, the EPA Regulatory Relief Act of 2011, which 
would provide the EPA with additional time to reconsider and 
re-propose its boiler Maximum Achievable Control Technology 
(MACT) air regulations, to extend compliance deadlines, and 
to ensure that final rules are achievable and based on real-world 
technologies. The current boiler MACT regulations would force 
steelmakers to consume more fossil fuels instead of using waste 
gases from the steelmaking process to fuel boilers (American 
Iron and Steel Institute, 201 1a). 

The EPA and the National Highway Traffic Safety 
Administration (NHTSA) proposed a new rule setting stringent 
fuel and emissions requirements for model years 2017 to 2025 : 
including a 87.7 kilometers per gallon fuel standard. Advanced 
high-strength steels (AHSS) was the fastest growing automotive 
lightweighting material used to adapt to new emission and 
safety standards at affordable cost for consumers. Currently, 
about 80 kilograms (kg) of AHSS are used per vehicle, and the 
projected use of AHSS per vehicle is about 160 kg and 225 kg 


by 2020 and 2025, respectively (American Iron and Steel 
Institute, 2011b). 


Production 


Raw steel production in the United States was about 86.4 Mt 
in 2011, up about 796 from that in 2010 (table 1). The AISI 
estimated raw steel production capability to be 116 Mt, up 
slightly from that in 2010. Production represented 74.4% of 
estimated capacity, up from 70.4% in 2010 (American Iron and 
Steel Institute, 2012, p. 75). 

Integrated steel producers smelted iron ores to make liquid 
iron in blast furnaces and used basic oxygen furnaces to refine 
the liquid iron with some steel Scrap to produce raw liquid 
steel. The basic oxygen process was used to make 34.3 Mt of 
steel in the United States (American Iron and Steel Institute, 
2012, p. 72). The use of this process increased to 39,794 of total 
steel production in 2011 from 38.794 in 2010. Blast furnace 
operations in the United States Were operated by 6 companies at 
16 locations in 2011 (Iron and Steel Technology, 2012). 

Minimills and specialty mills are nonintegrated steel 
producers that use the electric arc furnace (EAF) to melt 
low-cost raw materials (usually scrap). They also employ 
continuous casting machines and hot-rolling mills that are often 
closely coupled to casting operations. Specialty mills include 
producers of alloy-electrical, stainless, and tool steel: high- 
temperature alloys; forged ingots; and other low-volume 
Steel products. About 55 companies operated about 109 EAF 
facilities in the United States during 2011 (Iron and Steel 
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Technology, 2011). These U.S. mills used the EAF steelmaking 
process to produce 52.1 Mt of steel, a 5.6% increase from that in 
2010, and accounted for 60.3% of total steelmaking (American 
Iron and Steel Institute, 2012, р. 72—73). 

Raw liquid steel is mostly cast into semifinished products in 
continuous casting machines. Only 2.2% of U.S. production 
was cast in ingot form in 2011, and subsequently rolled into 
semifinished forms, a slightly lower percentage than that of 
2010. Continuous casting production was 84.4 Mt, or 97.8% of 
total steel production, 7.7% higher than in 2010 (American Iron 
and Steel Institute, 2012, p. 73). 


Consumption 


Steel mill products are produced at steel mills either by 
forging or rolling into forms normally delivered for fabrication 
or use. Some companies purchase semifinished steel mill 
products from other steel companies and use them to produce 
finished steel products. The accumulated shipments of all 
companies less the shipments to other reporting companies are 
identified as net shipments to avoid double counting. 

U.S. apparent steel consumption, an indicator of economic 
growth, increased to 89 Mt in 2011 from 80 Mt in 2010. Net 
shipments of steel mill products by U.S. companies increased by 
10% to 83.3 Mt compared with those of 2010 (American Iron 
and Steel Institute, 2012, p. 25). Compared with those in 2010, 
shipments of construction products, including maintenance, 
the leading single end-use market for steel, increased slightly 
in 2011; automotive product shipments increased by 18%; 
shipments of agricultural products increased by 33%; industrial 
machinery, equipment, and tools increased by 23%; oil, gas, and 
petrochemical shipments increased by 46%; steel service center 
shipments increased by 22%; lumbering, mining, quarrying 
industries shipments increased by 17%; shipments of appliances 
increased by 16%; and containers, packaging, and shipping 
material decreased by 20% (American Iron and Steel Institute, 


2012, p. 29). 


Prices 


The U.S. Department of Labor, Bureau of Labor Statistics 
(2011), producer price index for steel mill products шаша 
by 13% to 216.2 in 2011 from 191.7 in 2010 (1982 base=100) 
(table 1). The average monthly price of hot-rolled steel sheet 
increased steadily from about $806 per metric ton in J anuary 
2011 to a high of $965 in April, followed by а steady decline 
to a low of $721 in November before rebounding to $751 in 


December (American Metal Market, 2012). 


Foreign Trade 
f steel mill products by AISI оя 
tes i d to 12.2 Mt from 11.0 Mt in 2010 (table 4). 
duse о largest amount of U.S. exported steel, 6.1 
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Russia were major sources of steel mill product imports in 2011 
(table 4). 

Imports of semifinished steel (table 6) by steel companies are 
taken into consideration in evaluating apparent consumption 
(supply) of steel mill products in the United States and the share 
of the market represented by imported steel. To avoid double 
counting the imported semifinished steel and the products 
produced from it, the amount of semifinished steel consumed 
by companies that also produced raw steel is subtracted from 
domestic consumption. Between 1993 and 2006, semifinished 
steel imports ranged between 2.5 million metric tons per year 
(Mt/yr) and 8.5 Mt/yr. Prior to 1993, the amount was less 
than 0.2 Mt/yr. Taking the imported semifinished steel into 
consideration, the share of the U.S. steel market represented by 
imported steel was an estimated 29% in 2011 compared with 
27% in 2010. 

U.S. imports continued to recover from a 2009 low of 14.7 
Mt to 25.9 Mt in 2011 as the steel industry, among others, 
sought protection from low-priced Chinese competition that 
was blamed for lost sales and jobs. Steel product imports from 
China were at a low of 44,500 t in February 2011, then rose 
to a high of 147,000 t in July, and decreased to 80,000 t at 
yearend (U.S. International Trade Administration, 2011). U.S. 
companies and the U.S. Government continued in 2011 to 
accuse Chinese competitors of receiving Chinese Government 
subsidies, thus allowing the sale of products in the United States 
at artificial and unfairly low prices. The U.S. International Trade 
Commission determined that the U.S. industry was materially 
injured by Chinese imports of drawn stainless steel sinks, steel 
wheels, galvanized steel wire, high pressure steel cylinders, 
and other steel products, and as a result, the U.S. Department 
of Commerce issued antidumping and countervailing duties. 
To avoid these duties, Chinese exporters allegedly transshipped 
products through countries that had no antidumping duties, such 
as Malaysia, to the United States (Lawrence, 2011). 

“Fabricated steel products” reported in tables 4, 5, and 6 are 
those produced from steel mill products but do not include those 
that incorporate steel products with other materials. Examples of 
fabricated steel products are structural steel and steel fasteners. 
“Other iron and steel products” refers to products that аге not 
produced from steel mill products. Examples of other iron and 
steel products include iron or steel castings and direct reduced 
iron (DRI). 


World Review 


World production of pig iron totaled about 1.09 billion metric 
tons (Gt), about 5% more than that in 2010 (table 9). Pig iron. 
production of the EU was about 95 Mt, slightly less than that in 
2010. Germany was the leading producer in the EU, p 
about 28 Mt, slightly less than that in 2010. China continue 
to be the leading producer of pig iron in the world, И 
nearly 630 Mt, 5% more than that of 2010, followed by s 
(81 Mt), Russia (50 Mt), the Republic of Korea (42 Mt), : 
(39 Mt), Brazil (31 Mt), the United States (30 Mt), Ukrain 
(29 Mt), and Germany (28 Mt). Russia and Ukraine uw 
the only major pig iron producers in the Commonwea a 
Independent States (CIS). In North America, the only maj 
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producer of pig iron was the United States, where in 2011 
production increased by 13% from that in 2010. In South 
America, the only major pig iron producer was Brazil. 

World capacity for DRI production in 2010 was estimated 
to be about 87 Mt/yr (Midrex Technologies, Inc., 2012). DRI 
production worldwide reached a record of 76.3 Mt in 2011, 
7.5% more than that in 2010 (table 9). The leading producer of 
DRI was India, followed by, in descending order of tonnage, 
Iran, Venezuela, and Mexico. In 2011, additional DRI capacity 
of almost 22 Mt/yr was under construction in China, Bahrain, 
Egypt, India, Iran, Pakistan, the United States, and Venezuela. 
The leading technology was, according to declining order of 
production, the Midrex process, followed by coal-based, 
HYL/Energiron, and Finmet processes. 

World production of raw steel was 1.5 Gt, 6% more than 
the revised production in 2010 (table 10). Steel production 
increased during 2011 in North America (6.396), the EU (2.794), 
South America (3.1%), and the CIS (3.8%). Positive growth also 
took place in India (5.796) and China (7.296). As in previous 
years, production varied widely among major regions of the 
world. China produced 45% of world total crude steel in 2011. 
Asian countries produced about 5896 of the world's steel; the 
EU, 12%; North America, 896; and the CIS, 7%. 

During 2011, China was again the world's leading steel 
producer, about 683 Mt, a gain of 7.296 compared with that of 
2010. In descending order of production, the leading producers 
behind China were Japan, the United States, India, the Republic 
of Korea, Russia, and Germany. These six countries accounted 
for 29% of world production. The combined steel production of 
the seven steel-producing countries in the CIS was about 112 
Mt, an increase of 4% from that in 2010. Russia and Ukraine 
remained the leading producers in the CIS. U.S. steel production 
during 2011 was greater than 86 Mt, an increase of 7.396 from 
that in 2010. 

World Steel Association (20122) reported that world steel 
capacity utilization rate at yearend 2011 was about 7296, after a 
low of about 5796 in December 2008 and a high of 84% in April 
2010. China, the leading steel-consuming and steel-producing 
country in the world, had a capacity utilization rate of 8296 in 
2010, according to Ernst & Young (2012, p. 11). The average 
capacity utilization rate during 2011 was 80% (David Ko, 
KPMG, unpub. data, August 16, 2012). 


Outlook 


The expansion or contraction of gross domestic product 
(GDP), the broadest measure of a nation's economic activity, 
may be considered a predictor of the health of the steelmaking 
and steel manufacturing industries, worldwide and domestically. 
The World Bank's forecast of global GDP growth for 2011, 
2012, and 2013 was 3.2%, 3.6%, and 3.6%, respectively, after 
3.8% in 2010 (World Bank, The, 2011). The International 
Monetary Fund's projection of GDP growth for 2012 was 
4.0%, which was down from an earlier projection of 4.5% 
(International Monetary Fund, 2012). The U.S. Federal 
Reserve's January 2012 projections for the U.S. 2012 GDP 
growth rate was between 2.1% and 3.096, between 2.496 and 
3.8% for 2013, and between 2.8% and 4.3% for 2014, which 
were reduced from earlier projections (Board of Governors of 
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the Federal Reserve System, 2012). The 2011 GDP growth for 
China was 10.3% and was projected to be 8.7% in 2012 and 
8.896 in 2013, and that of India was projected to be 7.7% and 
7.9% for those years, respectively (World Bank, The, 2011). 

MEPS (International) Ltd. forecast total world steel 
production in 2012 to be 1.625 Gt, up 1196 from that in 2010 
and up 596 from that forecast in 2011. MEPS also forecast 
increasing steel production in 2012 in South America, Africa 
and the Middle East, China, other Europe and the CIS, and 
the EU of 5%, 3%, 896, 4%, and 2%, respectively [MEPS 
(International) Ltd., 2011, 2012]. 

World apparent steel consumption (ASC) was expected to 
increase by 3.6% to 1.422 Gt during 2012, after increasing 
by 5.6% in 2011, and then increase by 4.5% in 2013, to reach 
a historic high of 1.49 Gt (World Steel Association, 2012c). 
China’s ASC was expected to increase by about 4% to 649 Mt 
in 2012, and then by 4% in 2013 to 675 Mt. ASC in India was 
expected to increase by about 7% in 2012 to about 73 Mt and 
by 9.4% in 2013. The U.S. ASC was expected to increase by 
5.7% to 94 Mt in 2012 and by 5.6% in 2013. The EU’s ASC was 
expected to decrease by 1.2% to 151 Mt in 2012 and increase by 
3.3% to 156 Mt in 2013. In Japan, the 2012 ASC was expected 
to decrease by 0.6% to 64 Mt, and decrease an additional 2.2% 
to 62 Mt in 2013. The ASC of the CIS was expected to increase 
by 4% to 56 Mt in 2012 and then by 5% to 59 Mt in 2013. 
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TABLE 1 
SALIENT IRON AND STEEL STATISTICS! 


(Thousand metric tons unless otherwise noted) 


2007 2008 2009 2010 2011 
United States: 
Pig iron: 
Production” 36,300 33,700 19,000 26,800 30,200 
Exports’ 71 51 10 2,220 51 
Imports for consumption’ 5,220 4,980 2,420 3,780 4,190 
Direct-reduced iron: 
Production‘ 250 260 — = дА 
Exports’ (5) 1" (5) 1' 4 
Imports for consumption? 2,330 2,340 1,020 1,640 1,800 
Raw steel production: | 
Carbon steel 89,800 84,100 55,200 73,600 79,100 
Stainless steel 2,170 1,930 1,620 2,200 2,070 
All other alloy steel 6,140 5,810 2,620 4,680 5,220 
Total 98,100 91,900 59,400 80,500 86,400 
Capability utilization, percent 87.0 81.4 52.4 70.4 74.4 
Steel mill products: 
Net shipments” 96,500 89,400 56,400 75,700 83,300 
Exports’ 10,100 12,200 8,420 11,000 12,200 
Imports” 30,200 29,000 14,700 21,700 25,900 
Producer price index (1982=100.0)' 182.9 220.6 165.2 191.7 216.2 
World production:® 
Pig iron 956,000 931,000 921,000" 1,040,000" 1,090,000 
Direct-reduced iron‘ 65,000 ' 66,900 ' 65,400" 71,000" 76,300 
Raw steel 1,350,000 — 1,330,000 _ 1,240,000 — 1,440,000 " 1,520,000 
"Revised. -- Zero. 


"Data are rounded to no more than three significant digits, except producers price index; may not add to totals shown. 
"Data are from the American Iron and Steel Institute (AISI). 


Data аге from the U.S. Census Bureau. 


“Data are from Midrex Technologies, Inc., governments, and companies. 


*Less than ^ unit. 
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*Raw steel is defined by AIS] as steel in the first solid state after melting, suitable for rolling. 
Data are from the U.S. Department of Labor, Bureau of Labor Statistics. 


“Data are from the U.S. Geological Survey and the World Steel Association. 
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TABLE 2 


MATERIALS CONSUMED IN BLAST FURNACES AND 


PIG IRON PRODUCED! 


(Thousand metric tons) 


Material 2010 

Iron oxides: 

Ов -- 
Pellets 36,000 
Sinter? 5,090 

Total 41,100 

Scrap 1,090 

Coke? 8,430 

Pig iron, produced 26,800 

-- Zero. 


2011 


46,300 
6,830 
53,100 
2,280 
9,270 
30,200 


‘Data are rounded to no more than three significant digits; may not add 


to totals shown. 
2 American Iron and Steel Institute. 


Includes sintered оге and pellet fines, dust, mill scale, and other revert 


iron-bearing materials; also some nodules. 


“Маш! briquetted turnings and borings, shredded scrap, etc.; scrap 


produced at blast furnaces and remelt not included. 
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AND MARKET! 
Quantity 
(thousand metric tons) Percentage ____ 
2010 2011 2010 2011 
Shipments by steel type: 
Carbon steel 71,000 77,900 93.76 93.49 
Alloy steel 3,210 3,530 4.25 4.24 
Stainless steel 1,510 1,890 1.99 2.27 
Total 75,700 83,300 100.00 100.00 
Steel mill products: 
Ingots, blooms, billets and slabs 927 811 1.22 0.97 
Wire rods 1,710 1,960 2.25 2.35 
Structural shapes, heavy 3,880 4,830 5.13 5.80 
Steel piling 819 354 1.08 0.42 
Plates, cut lengths 5,660 6,370 7.47 7.65 
Plates, in coils 3,030 2,780 4.01 3.33 
Rails 713 843 0.94 1.01 
Railroad accessories 190 192 0.25 0.23 
Bars, hot-rolled 4,080 4,510 5.39 5.41 
Bars, light-shaped 1,760 1,870 2.33 2.25 
Bars, reinforcin 5,740 5,060 7.58 6.07 
Bars, cold finished 1,180 1,370 1.55 1.65 
Tool steel 8 7 0.01 0.01 
Pipe and tubing, standard pipe 626 779 0.83 0.93 
Pipe and tubing, oil country goods 1,960 2,390 2.59 2.86 
Pipe and tubing, line pipe 302 438 0.40 0.53 
Pipe and tubing, mechanical tubing 521 658 0.69 0.79 
Pipe and tubing, pressure tubing 39 46 0.05 0.06 
Pipe and tubing, stainless 10 7 0.01 0.01 
Pipe and tubing, structural 61 53 0.08 0.06 
Wire 272 356 0.36 0.43 
Tin mill products, blackplate 100 123 0.13 0.15 
Tin mill products, tinplate 1,840 1,520 2.44 1.82 
Tin mill products, tin-free steel 474 395 0.63 0.47 
Tin mill products, tin coated sheets 84 73 0.11 0.09 
Sheets, hot-rolled 16,600 19,700 21.88 23.60 
Sheets, cold-rolled 9,070 9,700 11.98 11.64 
Sheets and strip, hot dip galvanized 10,700 12,400 14.10 14.82 
Sheets and strip, electrogalvanized 1,510 1,390 2.00 1.67 
Sheets and strip, other metallic coated 965 1,480 1.27 1.77 
Sheets and strip, electrical 306 339 0.40 0.41 
Strip, hot rolled 37 51 0.05 0.06 
Strip, cold rolled 584 565 0.77 0.68 
Total 75,700 83,300 100.00 100.00 
Shipments by markets: 
Service centers and distributors 20,400 25,000 26.96 29.95 
Construction 16,300 16,300 21.53 19.57 
Automotive 9,620 11,300 12.7] 13.57 
Machinery 795 978 1.05 1.17 
Containers 2,390 1,900 3.15 2.28 
All others 26,200 27,900 34.60 33.45 
Total 75,700 83,300 100.00 100.00 


раја are rounded to по more than three si 


shown. 


Source: American Iron and Steel Institute. 


TABLE 3 
DISTRIBUTION OF SHIPMENTS OF STEEL MILL PRODUCTS, BY STEEL TYPE, PRODUCT, 


gnificant digits, except percentages; may not add to totals 
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TABLE 4 
U.S. IMPORTS AND EXPORTS OF STEEL MILL PRODUCTS, 


BY COUNTRY! 
(Thousand metric tons) 
2010 2011 

Country Imports — Exports — Imports Exports 
Argentina 128 15 167 13 
Australia - 28 - 33 
Brazil 903 143 2,820 145 
Canada 6,030 6,100 5,470 6,110 
China 781 116 1,120 133 
European Union? 2,570 342 2,680 445 
Germany 1,090 73 975 94 
Japan 1,350 16 1,820 19 
Korea, Republic of 1,850 72 2,570 64 
Mexico 2,560 2,390 2,620 3,120 
Russia 1,250 -- 1,250 — 
South Africa 117 2 131 7 
Sweden 253 14 268 8 
Taiwan 486 88 587 159 
Тигкеу 528 -- 665 -- 
Ukraine 118 -- 325 — 
Venezuela -- 62 -- 87 
Other 1,710 1,540 2,380 1,770 
Total 21,700 11,000 25,900 12,200 
СЮ Ее = ани а 


"Раја are rounded to no more than three significant digits; may 
not add to totals shown. 


Excludes Germany and Sweden. 


Source: American Iron and Steel Institute. 
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TABLE 5 
U.S. EXPORTS OF IRON AND STEEL PRODUCTS! 


(Thousand metric tons) 


See footnotes at end of table. 


ae ee O a = 
Steel millproducts: о о 
__Ingots, blooms, billets, slabs. SS 609 904 
Wire rods 170 189 
Structural shapes, heavy 760 1,060 
Steel piling 31 38 
Plates, cut lengths 1,070 1,230 
Plates, in coils 979 850 
Rails, standard 84 99 
Rails, other 23 18 
Railroad accessories 27 32 
Bars, hot-rolled 563 683 
Bars, light-shaped 235 197 
Bars, concrete reinforcing 520 $23 
Bars, cold-finished 147 182 
Tool steel 29 46 
Pipe and tubing, standard pipe 95 135 
Pipe and tubing, oil country goods 366 437 
Pipe and tubing, line pipe 186 145 
Pipe and tubing, meclianical tubing 38 54 
Pipe and tubing, stainless 33 42 
Pipe and tubing, nonclassified 370 443 
Pipe and tubing, structural 221 222 
Pipe for piling 20 17 
Wire 193 200 
Tin mill products, blackplate 3 4 
Tin mill products, tinplate 208 214 
Tin mill products, tin-free steel 21 20 
Sheets, hot-rolled 876 705 
Sheets, cold-rolled 832 939 
Sheets and strip, hot-dip galvanized 960 1,140 
Sheets and strip, electrogalvanized 393 424 
Sheets and strip, other metallic coated 240 276 
Sheets and strip, electrical 213 230 
Strip, hot-rolled 194 188 
Strip, cold-rolled 298 326 
Total 11,000 12,200 
Fabricated steel products: 
Structural shapes, fabricated 384 388 
Rails, used 16 16 
Railroad products 64 148 
Wire rope 19 20 
Wire, stranded products 30 33 
Wire, other products 122 126 
Springs 142 167 
Nails and staples 30 29 
Fasteners 911 666 
Chains and parts 37 45 
Grinding balls 114 118 
Pipe and tube fittings 38 40 
Other” 104 126 
Total 2,010 1,920 
Grand total 13,000 14,100 
Cast iron and steel products: 
Cast steel pipe fittings 38 40 
Cast iron pipe and fittings 115 55 
Cast steel rolls 1 1 
Cast grinding balls 34 31 
Granules, shot and grit 31 36 
Other castings 68 87 
Total 287 250 
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TABLE 5—Continued 
U.S. EXPORTS OF IRON AND STEEL PRODUCTS! 


‘Data are rounded to no more than three significant digits; may not add to totals 
shown. 


"Includes shapes cold formed, sashes and frames, fence and sign post, architectural 
and ornamental work, and conduit. 


Source: American Iron and Steel Institute. 
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TABLE 6 
U.S. IMPORTS OF MAJOR IRON AND STEEL PRODUCTS! 


(Thousand metric tons) 


Steel mill products: 
Ingots, blooms, billets, and slabs 
Wire rods 
Structural shapes-heavy 
Steel piling 
Plates, cut lengths 
Plates, in coils 
Rails and railroad accessories 
Bars, hot-rolled 
Bars, light-shaped 
Bars, reinforcing 
Bars, cold-finished 
Tool steel 
Pipe and tubing, standard pipe 
Pipe and tubing, oil country goods 
Pipe and tubing, line pipe 
Pipe and tubing, mechanical tubing 
Pipe and tubing, pressure tubing 
Pipe and tubing, stainless 
Pipe and tubing, nonclassified 
Pipe and tubing, structural 
Pipe for piling 
Wire 
Tin mill products-blackplate 
Tin mill products-tinplate 
Tin mill products-tin-free steel 
Sheets, hot-rolled 
Sheets, cold-rolled 


Sheets and strip, hot-dip galvanized 
Sheets and strip, electrogalvanized 


Sheets and strip, other metallic coated 
Sheets and strip, electrical 
Strip, hot-rolled 
Strip, cold-rolled 
Total 
Fabricated steel products: 
Structural shapes, fabricated 
Rails, used 


Railroad products 
Wire rope 
Wire-stranded products 
Springs 
Nails and staples 
Fasteners 
Chains and parts 
Pipe and tube fittings 
Other 

Total 
Grand total 

Cast iron and steel products: 

Cast steel pipe fittings 
Cast iron pipe and fittings 
Other products 

Total 


2010 2011 
4,600 6,060 
1,200 921 
474 465 
77 94 
680 1,060 
928 1,230 
260 277 
952 1,200 
99 101 
469 595 
243 350 
122 156 
705 755 
2,160 2,640 
1,350 1,790 
386 558 
78 121 
100 115 
22 17 
282 343 
14 13 
573 577 
31 40 
459 366 
134 132 
2,180 2,420 
1,110 1,260 
1,290 1,330 
91 88 
375 483 
86 103 
40 61 
144 144 
21,700 25,900 
772 587 
53 71 
125 180 
140 140 
202 211 
280 330 
492 506 
957 1,000 
116 142 
265 338 
____ то ю 
4,110 4,270 
______2580 ______ 30100 
265 338 
25 29 
315 384 
605 751 


!Data are rounded to no more than three significant digits; may not add to totals 


shown. 


Source: American Iron and Steel Institute. 
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TABLE 7 


U.S. IMPORTS OF STAINLESS STEEL! 


(Metric tons) 

Product 2010 
Semifinished 101,000 
Plate 88,600 
Sheet and strip 353,000 
Bars and shapes 110,000 
Wire and wire rods 60,300 
Pipe and tube 99,700 
Total 813,000 


2011 
132,000 
158,000 
356,000 
143,000 

63,800 
115,000 
968,000 


"Data are rounded to no more than three significant digits; 


may not add to totals shown. 


Source: American Iron and Steel Institute. 


TABLE 8 


COAL AND COKE AT COKE PLANTS)? 


(Thousand metric tons) 


2010 

Coal, consumption 19,100 
Соке: 

Production 13,600 

Exports 1,330 

Imports 1,100 

Consumption, apparent 13,500 


1 
Data аге rounded to по more than three significant digits. 


"Includes furnace and merchant coke plants. 


2011 
19,400 


14,000 
880 
1,290 
14,400 


3 : Е 
Coke production and consumption do not include breeze. 


Source: Energy Information Administration, Quarterly Coal Report, 


DOE/EIA-0121(2011/04Q). 
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Coun 
Algeria 
Argentina: 
Pig iron 
Direct-reduced iron 
Australia 
Austria 
Belgium 
Bosnia and Herzegovina 
Brazil: 
Pig iron 
Direct-reduced iron* 
Bulgaria 
Burma:* 
Pig iron 
Direct-reduced iron 
Canada: 
Pig iron‘ 
Direct-reduced iron 
Chile 
China’ 
Colombia 
Czech Republic 
Egypt: 
Pig iron 
Direct-reduced iron? 
Finland 
France 
Germany: 
Pig iron 
Direct-reduced iron* 
Hungary 
India: 
Pig iron 
Direct-reduced iron 
Indonesia, direct-reduced iron* 
Iran: 
Pig iron 
Direct-reduced iron 
Italy 
Japan 
Kazakhstan 
Korea, North* 
Korea, Republic of 
Libya, direct-reduced iron 
Malaysia, direct-reduced iron 
Mexico: 
Pig iron 
Direct-reduced iron 
Morocco" 
Netherlands? 
New Zealand* 
Nigeria 
Norway* 
Pakistan? 
Paraguay 
Реги:“ 
Pig iron 
Direct-reduced iron 
See footnotes at end of table. 
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TABLE 9 
PIG IRON AND DIRECT-REDUCED IRON: WORLD PRODUCTION, BY COUNTRY ^^^ 


2007 
1,193 


2,593 
1,810 
6,351 
5,908 " 
6,576 
60 * 


35,571 
362 
1,069 


2 


T 


8,577 6 
910 
1,147 
476,520 
341 
5,289 


1,000 

2,786 $ 

2,914 
12,426 


31,149 
590 
1,393 ' 


28,800 
19,060 ' 
1,420 


2,572 6 
7,440 
11,110 
86,771 
3,795 
900 
29,437 
1,660 
1,840 


4,077 
6,265 
15 
6,412 
679 
200 
100 

1,001 ' 
148 


351 $ 
90 


(Thousand metric tons) 


2008 
690 * 


2,581" 
1,847 * 
6,409 
5,795" 
7,125 
243 


34,871 
302 
441 


2 


T 


9,000 
690 * 
1,109 ' 
470,670 
300 
4,737 


1,000 
2,600 
2,943 
11,372 


29,111 
520 
1,289 


29,000 ° 
21,200 * 
1,290 


2,200 
7,500 
10,373 
86,171 
3,106 
900 
31,043 
1,569 
1,957 


4,670 
5,940 
15 
6,130 
622 


2009 
493 


2,042 * 
807 ' 
4,370 
4,353 * 
3,087 
482 


5,000 
300 * 

923 

552,830 

342 

3,483 


3,900 
3,100 
2,042 
8,105 


20,104 
380 
1,050 


34,000 
22,030 " 
1,230 € 


2,300 
8,000 
5,719 
66,943 
2,997 
900 
27,405 
1,097 
2,388 


3,929 
4,203 
15 
4,655 
608 


2010 
696 ' 


2,532 ' 
1,566 ' 
6,259 ' 
5,621 € 
4,725 
621 


30,898 ' 
305 


6,000 
800 
635 ' 

597,330 "€ 
327 € 
3,987 


3,600 

3,000 

2,600 ' 
10,137 


28,560 
450 
1,325 ' 


38,685 
23,420 ' 
1,360 ' 


2,300 
9,000 
8,549 
82,283 
2,984 
900 
31,228 
1,270 ' 
2,390 ' 


4,720 
5,455 
15 
5,799 
667 


2011 
360 


2,500 * 
1,650 
6,400 * 
5,815 
4,700 • 
685 


31,000 >“ 
305 


7,500 
700 
1,130 * 


629,690 


325 ° 
4,137 


3,600 ° 
2,970 

2,600 ° 
9,700 ° 


27,795 
380 
1,315 


38,900 
27,560 
1,400 


2,500 
10,000 
-9,800 
81,028 
3,141 
900 
42,213 
300 

2,400 ° 


4,600 * 
5,900 ° 
12 
5,900 * 
659 
100 
1,200 
146 * 
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TABLE 9—Continued РӮ 
РІС IRON AND DIRECT-REDUCED IRON: WORLD PRODUCTION, BY COUNTRY "^" 
(Thousand metric tons) 

Poland 5,804 4,934 3,095 ' 3,638 ' 3,975 
Portugal 100 100 100 100 | 100 
Qatar, direct-reduced iron 1,200 1,700 * 2,100 2,157 2,230 | 
Romania 3,923 2,945 1,575 1,880 1,600 
m 51,523 48,300 43,930 48,200 ' 50,000 | 

Direct-reduced iron 3,410 4,560 4,670 4,700 * 4,800 
Saudi Arabia, direct-reduced поп“ 4,340 $ 4,970 $ 5,000 5,000 5,500 
Serbia 1,485 1,582 1,006 1,265 1,226 
Slovakia 4,012 3,529 3,019 3,649 3,600 
m = 5,358 5,138 ' 4,444 ' 5,266 ' 4,800 | 

Direct-reduced iron 1,736 1,178 € 1,340 1,120 € 1,100 
Spain" 3,974 6 3,995 6 4,000 4,000 4,000 
Sweden 3,815 3,800 * 3,700 3,500 =° 3,300 * 
Taiwan 10,550 9,750 7,939 9,358 12,940 
Trinidad and Tobago, direct-reduced iron 2,065 1,600 1,182 1,752 ' 1,915 
Тигкеу“ 6,234 $ 6,600 7,000 8,000 8,200 
Ukraine 35,647 30,982 25,682 * 27,361 € 28,881 
United Kingdom 10,960 10,137 7,674 7,235 6,600 
United States: 

Pig iron 36,300 33,700 19,000 26,800 30,200 
Direct-reduced iron 250 260 Es 6 -- 
Venezuela, direct-reduced iron 7,782 7,140 7,150 7,150 * 7,150 * 
Grand total 1,020,000 998,000 ' 986,000" 1,110,000" 1,170,000 

Of which: 
Pig iron” 956,000 931,000 921,000 € 1,040,000" 1,090,000 


"Estimated. PPreliminary. "Revised. -- Zero. 


! World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


?Production is pig iron unless otherwise specified. 


3 Direct-reduced iron is obtained from оге b 
4 


In addition to the countries listed, Vietnam has facilities to 
2007—11, but output is not reported and available informati 


SReported figure. 
"Figures reported b 
*Includes blast furnace ferroalloys. 


?Includes unspecified pig iron and direct-reduced iron. 


Listed separately. 
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y reduction of oxides to metal without melting. 
Table excludes ferroalloy production except where otherwise noted. Table includes data available through September 7, 2012. 
5 


produce pig iron and may have produced limited quantities during 
on is inadequate to make reliable estimates of output levels. 


y State Statistical Bureau that the Government of China considers to be official statistical data. 


Соштту“ 
Albania 
Algeria 
Argentina 
Australia 
Austria 
Azerbaijan 
Belarus 
Belgium 


Bosnia and Herzegovina, ingot production 


Brazil? 

Bulgaria 

Burma* 

Canada 

Chile? 

China 

Colombia 

Croatia 

Сиба“ 

Czech Republic 
Ecuador 

Egypt 

Е! Salvador 

Ethiopia, all from scrap* 
Finland 

France 

Germany 

Ghana, all from зсгар° 
Greece 

Guatemala 


Hong Kong? 
Hungary 
India 
Indonesia 
Iran? 

Israel? 

Italy 

Japan 

Јогдап“ 
Kazakhstan 
Korea, North* 
Korea, Republic of 
Latvia’ 

Libya 
Luxembourg 
Macedonia 
Malaysia 
Mauritania? 
Mexico 
Moldova 
Montenegro 
Могоссо“ 
Netherlands 
New Zealand 
Norway* 
Pakistan" 
Paraguay“ 
Peru* 

See footnotes at end of table. 
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TABLE 10 
RAW STEEL: WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 
2007 2008 
263 380 
1,278 646 
5,387 5.441 
8,047 7,724 
7,578 7,594 
273 75 ' 
2,214 2,660 
10,692 10,676 
533 608 
33,782 33,726 
1,909 1,330 
25 25 
15,572 " 14,845 ' 
1,679 1,523 
489,290 500,490 
1,245 1,053 
76 122 
262 7 274 ' 
7,059 6,387 
87 128 
6,224 6,198 
73 71 
110 150 
4,431 4,418 
19,252 17,874 
48,550 45,833 
25 -- 
2,554 2,400 * 
349 250 
550 550 
2,227 " 2,097 ' 
53,500 ' 57,800 ' 
4,160 3,915 
10,051 ? 9,960 
480 480 
31,990 30,477 
120,203 118,739 
150 150 
4,784 4,244 
1,230 1,279 7 
51,517 53,322 
550 550 
1,151 1,137 
2,858 2,582 
372 252 
6,895 6,423 
|“ 24 
17,573 17,209 
995 885 
174 202 
3147 478 ? 
7,368 6,853 
845 853 
680 590 
1,090 7 1,100 ? 
132 ' 130 7 
8817 1,150 


25 
9,245 ' 
1,308 

572,180 

1,079 

52 

274 

4,594 
259 € 

5,508 
56" 

150 


550 
1,403 ' 
63,500 ' 
3,500 * 
10,000 
380 
19,737 
87,534 ' 
150 
4,147 
1,300 
48,752 
550 
914 
2,215 
276 
5,354 € 
2 
14,172 
426 ' 
90 
480 
5,194 
765 
591 7 
1,100 
130 
1,200 


2010 
440 * 
696 ' 

5.138 

7,140 

7,206 
129 

2,672 

8,088 
591° 

32,928 ' 
740 
25 
13,003 ' 
1,011 ° 
637,230 ' 

1,209 
110° 
265 

5,180 
368 

6,700 

5] 

150 
4,000 ' 

15,416 

43,830 

2,100 
272 
500 

1,678 

68,300 ' 

3,700 

12,000 
430 
25,751 
109,599 € 
150 
4,256 
1,300 
58,914 ' 
550 
825 ' 

2,563 
291 

5,693 € 

2 

17,041 
242 ' 
95 • 

480 

6,651 
853 г 
600 

1,100 
130 

1,200 


2011 
440 * 
440 

5,655 . 

6,538 

7,474 
150 * 

2,700 * 

8,000 * 
649 

33,100 P 
834 
25 
12,89] P 
1,620 * 
683,270 

1,290 
100 * 
290 

5,583 
525 

6,486 
100 
130 

4,000 * 

15,800 
44,288 

2,000 * 
445 
200 

1,733 

72,200 
3,800 
13,000 
480 
28,700 
107,595 
150 
4,808 
1,300 
68,519 
550 
100 

2,500 
386 

5,800 

2 
18,100 
321 
100 
475 

6,900 
844 
600 

1,200 
130 

1,200 


IL 
г. 


TABLE 10—Continued s 
RAW STEEL: WORLD PRODUCTION, BY COUNTRY ' 


(Thousand metric tons) 
try 2007 2008 2009 2010 2011 

Philippines in 718 ? 7117 824 € 800 | ый 
Poland | 10,621 9,727 7,129 7,996 8,79 
Portugal" 1,400 1,400 1,400 1,400 1,400 
Qatar 1,147 1,406 1,400 2,000 2,000 
Romania 6,261 5,035 2,761 3,896 | 3,800 
Russia 72,389 68,700 59,166 66,300 68,000 
Saudi Arabia‘ 4,644 7 4,670 4,700 5,000 5,300 
Serbia 1,478 1,662 1,097 ' 1,254 1,324 | 
Singapore" 620 600 620 650 650 | 
Slovakia 5,100 4,489 3,747 4,588 4,500 | 
Slovenia 638 642 430 606 600 
South Africa 9,098 8,246 ' 7,484 7,617 ' 6,650 
Spain* 18,999 ? 19,048 ? 19,100 19,100 19,100 
Sri Гапка“ 30 30 30 30 30 
Sweden* 5,673 ' 5,500 5,000 4,800 € 4,900 
Switzerland 1,264 1,260 981 1,300 ' 1,250 
Syria" 70 70 7 70 70 70 
Taiwan 20,883 19,222 15,566 20,498 22,879 | 
Thailand 5,565 5,211 3,645 4,145 ' 4,100 
Trinidad and Tobago 682 489 417 572 610 
Tunisia 61 82 155 180 150 
Turkey 25,750 7 26,809 ? 25,000 30,000 34,000 
Uganda" 30 30 25 20' 10 
Ukraine 42,830 37,279 ' 29,855 ' 33,559 35,332 
United Arab Emirates" 90 90 90 90 100 
United Kingdom 14,300 13,538 10,080 9,709 9,500 
United States 98,100 91,900 59,400 80,500 86,400 
Uruguay 717 707 70 70 70 
Uzbekistan‘ 740 686 7 716 ? 745 760 
Venezuela* 5,005 7 4,240 ? 5,000 5,000 5,000 
Vietnam 2,024 2,250 2,700 4,314" 4,300 ° 
Zimbabwe’ 23 7 10 10 — == 

Total 1,350,000 1,330,000 1,240,000 1,440,000" 1,520,000 
oane o a aa a ee a ИУ 


Estimated. "Preliminary. "Revised. -- Zero. 


! World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 

"Steel formed in solid state after melting, suitable for further processing or sale; for some countries, includes material reported 
as "liquid steel," presumably measured in the molten state prior to cooling in any specific form. 

?Table includes data available through September 7, 2012. 

‘In addition to the countries listed, Mozambi 
to make reliable estimates of output levels. 
*Excludes castings. 

$Figures 


; reported by the State Statistical Bureau that the Government of China considers as official statistical data. 
"Reported figure. 


que is known to have steelmaking plants, but available information is inadequate 
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IRON AND STEEL SCRAP 
By Michael D. Fenton 


Domestic survey data and tables were prepared by Hoa P. Phamdang, statistical assistant. 


Iron and steel scrap is a vital raw material for the production 
of new steel and cast-iron products. The steelmaking and 
foundry industries in the United States are highly dependent 
upon the ready availability of scrap from manufacturing 
operations and from the recovery of products that are no longer 
used or needed. The steel industry has been recycling steel scrap 
for more than 170 years, using electric arc furnaces (EAF), 
which accounted for about 60% of the total raw steel produced 
in 2011. Consistent with international usage and Federal 
Government policy, the U.S. Geological Survey (USGS) reports 
all data on iron and steel in metric units, unless otherwise noted. 

Steel scrap recycling conserves energy, landfill space, and 
raw materials. In 2011, the domestic steel industry recycled or 
exported for recycling nearly 78 million metric tons (Mt) of 
appliances, automobiles, cans, construction materials, and other 
steel products (G.L. Crawford, Steel Recycling Institute, unpub. 
data, December 12, 2012). This resulted in an overall recycling 
rate of about 92%. The remelting of scrap requires much less 
energy than does the production of iron and steel products from 
iron ore. Each year, steel recycling saves the energy equivalent 
of the electrical power needed for 1 year by approximately 
one-fifth of the houses in the United States (about 18 million 
houses). Consumption of iron and steel scrap by remelting 
reduces the burden on landfill disposal facilities and prevents the 
accumulation of abandoned steel products in the environment. 

In the United States, the primary source of obsolete steel is 
the automobile. By weight, the typical car consists of about 60% 
iron and steel. The steel used in the outside shell of car bodies 
is made of about 25% recycled steel (G.L. Crawford, Steel 
Recycling Institute, unpub. data, December 13, 2012). The steel 
industry recovered and recycled almost 15.5 Mt of iron and steel 
from about 11.9 million end-of-life vehicles in 2011, processed 
through more than 300 car shredders. The recycling rate for 
automotive scrap was 94.5% in 2011. About 12,500 vehicle 
dismantlers in North America resold parts. 

The annual average recycling rate of obsolete appliance scrap 
continued at a high of about 90% in 2011, the same as that of 
2010 (G.L. Crawford, Steel Recycling Institute, unpub. data, 
November 20, 2012). During 2011, almost 2.6 Mt of steel was 
recovered from recycled appliances, a decrease of about 4% 
compared with that of 2010. The typical appliance consists 
of about 60% steel, and the steel used in appliances is made 
with a minimum of 25% recycled steel. The recycling rate of 
steel containers increased to almost 71% in 2011 from 15% in 
1983 (G.L. Crawford, Steel Recycling Institute, unpub. data, 
November 10, 2012). More than 18 Mt of steel containers was 
recycled. The estimated rate of recycling of structural beams and 
plates in 2004 through 2011 was about 98%, an increase from 
85% in 1997. Recycling rates for reinforcement bar and other 
materials were 70% in 2011 from 40% in 1997. 


IRON AND STEEL SCRAP—2011 


Minimills, in which EAFs are used, consumed direct-reduced 
iron (DRI) to improve steel quality, and integrated steelmakers 
continued to use small quantities of DRI in blast furnaces as 
a process coolant. Minimills commonly use a feed mix that 
has equal proportions of DRI, pig iron, and scrap. Raw steel 
production in the minimill industry increased by 5.6% during 
2011 (American Iron and Steel Institute, 2012, p. 72), while DRI 
production remained at zero, as in 2009 and 2010 
(Midrex Technologies, Inc., 2012). 


Consumption 


Domestic data for ferrous scrap were derived from voluntary 
monthly or annual surveys of U.S. scrap-consuming operations 
by the USGS. About 61% of the known manufacturers of pig 
iron and raw steel responded to the surveys. Their response 
represented about 35% of the 56 Mt of ferrous scrap consumed 
by this class of consumers (table 1). The remaining 65% of 
scrap consumption was estimated based on prior reports. 

Of the iron foundries, manufacturers of steel castings, and 
miscellaneous users, about 53% of the surveyed establishments 
responded to the annual survey, which represented about 97% of 
scrap consumed by this class of consumers. Total consumption 
for these two classes of consumers included estimates based 

on statistical methods and prior reports plus actual survey 
responses. Actual survey data accounted for about 97% of total 
ferrous scrap consumption by all classes of scrap consumers. 

In 2011, brokers, dealers, and other outside sources supplied 
domestic consumers with 53 Mt of all types of ferrous scrap 
at an estimated average delivered value of $21.8 billion, and 
exported 24.3 Mt (excluding used rails for rerolling and other 
uses, and ships, boats, and other vessels for scrapping) valued at 
$11.4 billion (tables 1, 8, 11). Raw steel production was 
86.4 Mt in 2011 compared with 80.5 Mt in 2010 (American 
Iron and Steel Institute, 2012, p. 73). The share of raw steel 
produced by EAF and basic oxygen furnaces was 60% and 
40%, respectively. In 2011, continuous cast steel production 
represented 98% of total raw steel production; this was slightly 
more than that of 2010. Raw steel production capability 
increased to 116 Mt from 114 Mt in 2010 (American Iron and 
Steel Institute, 2012, p. 75). The capability utilization index 
increased to 74.4% in 2011 from 70.4% in 2010. 

Steel mills accounted for 91% of all scrap received from 
brokers, dealers, and other outside sources; iron foundries and 
miscellaneous users received 8%; and steel foundries received 
1% (table 1). Apparent total domestic consumption of ferrous 
scrap was 98.6 Mt, as measured by net receipts (total external 
receipts minus shipments) and 9.9 Mt of home scrap production 
(table 2). Stocks of ferrous scrap at consumer plants increased 
by 22% to 4.1 Mt (table 1). Total domestic consumption was 
63.1 Mt, 6% more than that of 2010 (table 1). The total market 


y 
ali - 
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for U.S.-produced scrap (net receipts plus exports minus 
imports) was 24.5 Mt, compared with 67.0 Mt in 2010 (table 1). 
Feedstock used in electric furnaces by all iron and steel product 
manufacturers comprised scrap, 88.3%; pig iron, 9.5%; and 
DRI, 2.2% (table 4). Total consumption of DRI was 4.4% more 
than that of 2010 (table 1). Net shipments of all grades of steel 
mill products were about 83.3 Mt, which was an increase of 
10% from the 75.7 Mt shipped in 2010 (American Iron and Steel 
Institute, 2012, p. 25). 


Prices 


The average composite delivered price of No. 1 heavy-melting 
steel scrap in 2011, calculated from prices per long ton 
published monthly by American Metal Market, was $410.99 per 
metric ton. The price ranged from a low of $379.75 per ton in 
November to a high of $429 per ton in January (table 8). The 
average Composite delivered price of No. | heavy-melting steel 
scrap, calculated from prices per long ton published weekly in 
the Iron Age Scrap Price Bulletin, was $391.91 per metric ton; 
the price ranged from a low of $334.14 per ton in December to a 
high of $411.89 per ton in July. 

Based on weekly quotations by Iron Age Scrap Price Bulletin 
for 18-8 (18% chromium, 8% nickel) stainless steel scrap 
(bundles and solids) delivered to consumers in the Pittsburgh, 
PA, area, the average price in 2011 was about $2,178 per gross 
ton, a slight decrease compared with that of 2010. 

The unit value of total ferrous Scrap exports (excluding used 
rails for rerolling and other uses, and ships, boats, and other 
vessels for scrapping) increased by 14% to about $467 per 
metric ton compared with that of 2010 (table 11). The unit value 
of total imports increased by 10% to about $413 per metric ton, 
compared with that of 2010 (table 14). 


Foreign Trade 


Foreign trade valuation continued to be reported on a free- 
alongside-ship basis for exports and on a customs-value basis 
for imports. In 2011, the U.S. trade surplus for all classes of 
ferrous scrap (including used rails for rerolling and other uses, 
and ships, boats, and other vessels for scrapping) was 20.3 Mt 
valued at about $9.7 billion (tables 11, 14). This represented 
an increase of 2194 in quantity and an increase of 39% in value 


compared with the 2010 surplus of 16.8 Mt valued at $7.0 
billion. 


World Review 


Iron and steel scrap is an important raw material for the steel 
and foundry industries. Because scrap comes from such sources 
as discarded cars and consumer durables, industrial machinery. 
manufacturing operations, and old buildings, the relatively | 
mature industrialized economies are generally the main 
exporters of scrap to lesser developed steelmaking countries. 

The United States exported more iron and steel scrap in 2011 
than any other country, followed by, in decreasing order of 
export tonnage, Germany, France, Japan, and Canada (World 
Steel Association, 2012a, p. 110-11 1). The leading importing 
nations were, in decreasing order of import tonnage, Turkey, 
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the Republic of Korea, China, Germany, and Italy (World Steel 
Association, 201 2a, p. 111—112). 


Outlook 


Because of the close interdependence of the steelmaking and 
ferrous scrap industries, forecast of the global steel industry in 
the context of the global economy serves as the bellwether of 
the scrap industry. 

The World Bank’s forecast of global gross domestic product 
(GDP) growth for 2011, 2012, and 2013 was 3.2%, 3.6%, and 
3.6%, respectively, after 3.8% in 2010 (World Bank, The, 2011). 
The International Monetary Fund’s projection of GDP growth 
for 2012 was 4.0%, which was down from an earlier projection 
of 4.5% (International Monetary Fund, 2012). The U.S. Federal 
Reserve’s January 2012 projections for the U.S. 2012 GDP 
growth rate was between 2.1% and 3.0%, between 2.4% and 
3.8% for 2013, and between 2.8% and 4.3% for 2014, which 
were reduced from earlier projections (Board of Governors of 
the Federal Reserve System, 2012). The 2011 GDP growth for 
China was 10.3% and was projected to be 8.7% in 2012 and 
8.8% in 2013, and that of India was projected to be 7.7% and 
7.9% for those years, respectively (World Bank, The, 2011). 

World apparent steel consumption (ASC) was expected 
to increase by 3.6% to 1.422 billion metric tons (Gt) during 
2012, after increasing by 5.6% in 2011, and then increase by 
4.5% in 2013, to reach a historic high of 1.49 Gt (World Steel 
Association, 20125). China’s ASC was expected to increase by 
about 4% to 649 Mt in 2012, and then by 4% in 2013 to 675 Mt. 
ASC in India was expected to increase by about 7% in 2012 to 
about 73 Mt and by 9.4% in 2013. The U.S. ASC was expected 
to increase by 5.7% to 94 Mt in 2012 and by 5.6% in 2013. 
The European Union’s ASC was expected to decrease by 1.2% 
to 151 Mt in 2012 and increase by 3.3% to 156 Mt in 2013. In 
Japan, the 2012 ASC was expected to decrease by 0.6% to 
64 Mt, and decrease an additional 2.2% to 62 Mt in 2013. The 
ASC of the Commonwealth of Independent States was expected 
to increase by 4% to 56 Mt in 2012 and then by 5% to 59 Mt n 
2013. 

World capacity for DRI production in 2011 was estimated 
to be about 87 Mt (Midrex Technologies, Inc., 2012). DRI 
production worldwide reached a record of 76.3 Mt in 2011, 
7.5% more than that in 2010 (Fenton, 2012, table 9). The | 
leading producer of DRI was India, followed by, in descending 
order of tonnage, Iran, Venezuela, and Mexico. In 2011, 
additional DRI capacity of almost 22 Mt/yr was under 
construction in China, Bahrain, Egypt, India, Iran, Pakistan, 
the United States, and Venezuela. The leading technology was, 
according to declining order of production, the Midrex process, 
followed by Coal-based, HYL/Energiron, and Finmet processes. 

MEPS International Ltd. forecast total world steel рео арол 
іп 2012 to be 1.625 Gt, up 11% from that in 2010 and up 5% 
from that forecast їп 2011. MEPS also forecast increasing steel 
production in 2012 in South America, Africa and the Middle 
East, China, other Europe and the CIS, and the EU of 5%, 3%, 
8%, 4%, and 2%, respectively (Commodities Now, 2012). 
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TABLE 1 


SALIENT U.S. IRON AND STEEL SCRAP, PIG IRON, AND DIRECT-REDUCED IRON STATISTICS' 


(Thousand metric tons and thousand dollars) 


PO IE ook 


2007 2008 2009 2010 2011 
Manufacturers of pig iron and raw steel and castings:” 

Ferrous scrap consumption 55,000 58,000 47,700 53,500 ' 56,400 

Pig iron consumption 36,500 33,600 28,300 34,100 34,900 

Direct-reduced iron consumption 2,040 1,950 1,340 1,550 € 1,620 

Net receipts of ferrous scrap 46,800 49,800 39,800 46,100 ' 48,400 

Home scrap production" 8,760 8,720 7,610 7,710" 8,010 

Ending stocks of ferrous scrap, December 31 3,650 3,730 2,820 3,030 € 3,650 
Manufacturers of steel castings:” 

Ferrous scrap consumption 1,070 ° 1,850 ' 603 ' 536 € 756 

Pig iron consumption 11 12 17 10 10 

Direct-reduced iron consumption — 4 14 -- = 

Net receipts of ferrous scrap? 749 ' 1,480 * 460 * 413 ' 583 

Home scrap production‘ 319° 416° 138° 148 ' 232 

Ending stocks of ferrous scrap, December 31 83° 200 ' 70 ' 83 ' 167 
Iron foundries and miscellaneous users: 

Ferrous scrap consumption 7,940 7,760 5,250 ' 5,660 ' 5,960 
_Pigironconsumption с 870 842 1,860 ' 1,930 ' 1,970 

Direct-reduced iron consumption 4 3 3 3 3 
_ Net receipts of ferrous serap? — — — — o ć 5,120 5,200 3,520 ' 3,880 ' 4,180 
_Home scrap production | 2,550 2,560 1,730 : 1,820 ' 1,830 
__Ending stocks of ferrous scrap, December 31 413 416 175 ' 213 ' => 
Total, all manufacturing types: 

— Ferrous scrapconsumption — — — — —  — 64,000 ' 67,600 ' 53,500 ' 59,700 ' 63,100 
__ Рів iron consumption ooo — 37,400 34,400 30,200 36,100 " 36,900 
шеа ео саара аа 2,050 1,960 1,360 1,550 " 1,620 
Net receipts of ferrous стар _ č =ć ć 52,600 ' 56,400 ' 43,800 ' 50,400 " 53,200 

Home scrap production‘ 11.600 ' 11,700 ' 9,480 ' 9,680 ' 10,100 
Ending stocks, December 31: 

Ferrous scrap at consumer plants 4,140: 4,340 ' 3,070 € 3,330 ' 4,060 
ров а. consumer and supplier plants ______ 771 885 506 ' 418 " 423 
Fo en consumer plants o 364 435 234 161 126 
ЕЕЕ ЕЕ СЕЕ 

Ferrous scrap (includes tinplate and terne late):’ 

т 
шу 16,500 21,500 22,400 20,500 24,300 
ра ИН C PERCENT ERR , , , 
pig oa 890,000 — 10,400,000 7,120,000 8,380,000 11,400,000 
Quantity 71 51 11 2,220 51 
Value 4610 T 27,000 
Direct-reduced iron, steelmaking grade: | ја У en 
Quantity 
E ain о ы з ы зу. 
Value - | » 
Imports for consumption: A = н? 
Ferrous scrap (includes tinplate апа terne late):' 
Quantity 
арала. 3,700 3,600 2,990 3,780 4,010 
— Pig iron, all grades; ^^ ————————— 1040000 1,450,000 814,000 1,420,000 1,650,000 
Quantity 
^ Vas — — ——————————— | 5,220 4,980 2,420 3,780 4,190 
Direct-reduced iron, steelmaking grade: ioo SM TERDUM ue а 
Quantity 
Маре а 2,330 2,340 1,020 1,640 1,800 
"Revised. — Zero. 519,000 971,000 304,000 607,000 775,000 


1 

Data are round igni igi 

Sp - to no more than three significant digits; 
manufacturers of raw steel that also produce stee 


3 . 

Net receipts of scrap is defined a i 

; | 5 receipts from 

plants minus shipments. : m 


*Home Scrap ion i ; 
production includes recirculatin 
| g scrap that results from curr rati 
Some consumers in the “Manufacturers of steel iir sm current operations and obsolete home es 


and miscellane » category also produce iron castings: ; “ ies 
ous users” category also produce steel cas ings stings; some consumers in the “Iron foundri 


may not add to totals shown. 
1 castings. 


dealers, and other outside sources plus receipts from other company-owned 
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TABLE 1—Continued 
SALIENT U.S. IRON AND STEEL SCRAP, PIG IRON, AND DIRECT-REDUCED IRON STATISTICS! 


“Data from U.S. Census Bureau and U.S. International Trade Commission. Export valuation is free alongside ship, and import 
valuation is customs value. 


"Excludes used rails for rerolling and other uses and ships, boats, and other vessels for scrapping. 
*Less than М unit. 
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TABLE 2 
| 
U.S. CONSUMER RECEIPTS, PRODUCTION, CONSUMPTION, SHIPMENTS, AND STOCKS OF IRON AND STEEL SCRAP IN 2011 BY GRADE 


(Thousand metric tons) 


Cast-iron borings | 

Other iron scrap 

Other mixed scrap 
Total 


1 
See footnotes at end of table. 0 223 9 756 
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Receipts of scrap Production of home scrap | 
From brokers, From other Recirculating Consumption | Ending 
dealers, and other company-owned scrap from current Obsolete оғ purchased Shipments stocks, 
Grade outside sources plants operations scrap? — andhomescrap _of scrap — Decemberji 
Manufacturers ofpigironandrawstel ооо ооо оо ооо т —— 
and castings: | 
Carbon steel: " 3] 
Low-phosphorus plate and punchings 667 7 83 – 699 не 
Cut structural and plate 3,850 148 724 — 4,690 4 ч 
No. 1 ћеауу-те пр steel 4,700 196 944 2 5,840 36 E 
No. 2 heavy-melting steel 6,120 68 264 = 6,410 3 ^45 
Ко. 1 and electric furnace bundles 2,330 213 836 = 3,260 120 x 
No. 2 and all other bundles 943 13 \ ~ 979 W 
Electric furnace, 1 foot and under > 
(not bundles) 11 W W - 88 W a1 
Railroad rails 245 W W -- 303 d v 
Turnings and borings 2,200 197 45 - 2,440 1 18 
Slag scrap 923 W 1,050 -- 1,510 569 ds 
Shredded or fragmentized 13,700 1,610 492 - 15,800 4l Шш 
No. 1 busheling 4,430 109 173 = 4,660 W : 
Steel cans, post consumer 109 - W = 112 = 186 
All other carbon steel scrap 2,960 183 1,910 9 4,540 510 if 
Stainless steel scrap 866 66 350 W 1,300 4 50 
Alloy steel (except stainless) 343 193 249 - 774 10 p 
Ingot mold and stool scra 25 = 106 65 105 89 4 
Machinery and cupola cast iron 58 = W -- 56 У 16 
Cast-iron borings 286 = W == 295 W 
Other iron scrap 955 74 242 es 1,200 65 154 
Other mixed scrap 753 286 302 W 1,300 3 — 
Total 46,500 3,480 7,910 97 56,400 1,560 3,65 
Manufacturers of steel castings: Е - 
Carbon steel: | ; 
Low-phosphorus plate and punchings 272 W 106 = 331 т E 
Cut structural and plate 59 је 5 = 64 = ; 
No. 1 heavy-melting steel 8 2 E - 9 1 
No. 2 ћеауу-те пр steel W _ " = W -- i 
No. 1 and electric furnace bundles W = = W = ш 
No. 2 and all other bundles T. = E m = -- " 
Electric furnace, 1 foot and under 
(not bundles) 5 Е: 3 _ 8 — " 
Railroad rails 1 _ ү M W - | 
Turnings and borings 34 W 1] a 46 У W 
Slag scrap W _ W и W = 
Shredded or fragmentized 23 E. = M 23 - а 
No. 1 Бизће пр 38 Е E x 38 = 
Steel cans, post consumer ae » » Е = E 
All other carbon steel scrap 6 2 "m _ 53 = js 
Stainless steel scrap | 26 Е 2] w 44 1 : 
Alloy steel (except stainless) 45 W 21 w 72 - 
Ingot mold and stool scrap W í W _ W - W 
Machinery and cupola cast iron | 
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TABLE 2—Continued 
U.S. CONSUMER RECEIPTS, PRODUCTION, CONSUMPTION, SHIPMENTS, AND STOCKS OF IRON AND STEEL SCRAP IN 2011 BY GRADE! 


(Thousand metric tons) 


Receipts of scrap Production of home scrap 


From brokers, From other Recirculating Consumption Ending 
dealers, and other company-owned scrap from current Obsolete оғ purchased Shipments stocks, 


Grade outside sources plants operations scrap? and home scrap of scrap December 31 
Iron foundries and miscellaneous users: 


Carbon steel: 


Low-phosphorus plate and punchings 623 1 149 -- 770 -- 6 
Cut structural and plate 673 W 47 12 728 5 28 
No. 1 heavy-melting steel 11 W W -- 69 — 1 
Мо. 2 heavy-melting steel 110 -- W -- 142 — 5 
No. 1 and electric furnace bundles 74 — -- -- 74 ~ 2 
No. 2 and all other bundles 80 -- W -- 77 W 5 
Electric furnace, 1 foot and under 
(not bundles) 80 - -- — 81 — 1 
Railroad га 40 W W -- 39 -> 3 
Turnings and borings W — 1 — 47 1 18 
Slag scra W -- 12 — 19 W W 
Shredded or fragmentized 852 -- 21 — 875 W 51 
No. 1 busheling 299 -- 4 -- 302 -- 8 
Steel cans, post consumer 7 -- -- -- 7 =- - 
All other carbon steel scra 89 -- 56 W 144 1 5 
Stainless steel scrap 40 -- 1 W 39 -- | 
Alloy steel (except stainless) 4 — 2 -- 6 У 1 
Ingot mold and stool scrap \ W W -- W W W 
Machinery and cupola cast iron 407 W 111 W 545 W 32 
Cast-iron borings 54 10 8 -- 72 -- 1 
Motor blocks 189 W | 431 -- 621 -- 2 
Other iron scrap 269 23 737 1 963 29 67 
Other mixed scrap 209 \ 111 -- 316 5 4 
Total 4,190 45 1,780 41 5,960 51 246 
Grand total, all manufacturing types: 
Carbon steel: 
Low-phosphorus plate and punchings 1,560 14 338 -- 1,800 60 267 
Cut structural and plate 4,580 151 777 13 5,480 9 305 
No. 1 heavy-melting steel | 4,720 198 1,000 2 5,920 36 344 
No. 2 ћеауу-те пр steel 6,240 68 298 W 6,570 3 356 
No. 1 and electric furnace bundles 2,410 213 836 — 3,340 120 247 
No. 2 and all other bundles 1,020 13 13 - 1,060 W 38 
Electric furnace, 1 foot and under | 
(not bundles) 97 W 84 = 177 W 1 
Railroad rails 287 W W 2 342 = 26 
Turnings and borings 2,280 198 57 == 2,530 2 147 
Slag scrap 934 W 1,060 - 1,530 572 164 
Shredded or fragmentized 14,600 1,610 513 -- 16,700 42 1,010 
Мо. 1 Бизће пе 4,760 109 177 -- 5,000 2 319 
Steel cans, post consumer 116 W W -- 119 ~ 3 
All other carbon steel scrap 3,050 183 2,020 9 4,730 511 191 
Stainless steel scrap 931 66 372 19 1,380 5 76 
Alloy steel (except stainless) 392 195 277 W 851 10 157 
Ingot mold and stool scrap 47 W 106 65 133 89 22 
Machinery and cupola cast iron 465 W 113 W 601 W 35 
Cast-iron borings 340 15 8 -- 367 -- 16 
Motor blocks 189 W 431 -- 621 — 2 
Other iron scrap 1,230 97 979 1 2,170 94 p 
Other mixed scrap 1,000 287 414 10 1,660 36 10 
EN C NES E E 51.300 3,530 9,920 147 63,100 1,620 4,060 
и Withheld to avoid disclosing company proprietary data; included in “Total.” -- Zero. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
*Obsolete home scrap includes ingot molds, stools, and scrap from old equipment and buildings. 
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TABLE 3 
U.S. CONSUMER RECEIPTS, PRODUCTION, CONSUMPTION, SHIPMENTS, AND STOCKS OF PIG IRON 
AND DIRECT-REDUCED IRON IN 2011! 


(Thousand metric tons) 


Stocks, 


| Receipts Production Consumption Shipments December 31 
Manufacturers of pig iron, raw steel, and castings: 


Pig iron 8,110 2 26,900 34,900 73 396 

Direct-reduced iron (DRD 1,630 3 = 1,620 = 126 
Manufacturers of steel castings: 

Pig iron 11 (4) 10 (4) (4) 

DRI (4) -- =- = (4) 
Iron foundries and miscellaneous users: 

Pig iron 2,000 (4) 1,970 27 50 

DRI 3 -- 3 -- (4) 
Total, all manufacturing types: 

Pig iron 10,100 26,900 36,900 101 423 

DRI 1,630 -- 1,620 -- 126 
-- Zero. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes 2.47 million metric tons (Mt) purchased by electric furnace steel producers. 
"Includes 43,646 metric tons purchased by integrated steel producers. 

“Less than % unit. 


TABLE 4 
U.S. CONSUMPTION OF IRON AND STEEL SCRAP, PIG IRON, AND DIRECT-REDUCED IRON IN 2011, 
BY TYPE OF FURNACE OR OTHER USE! 


(Thousand metric tons) 


Manufacturers of pig iron and Manufacturers Iron foundries and Total, all 
raw steel and castings of steel castings miscellaneous users ____ manufacturing types _ 
Pig Pig Pig Pig 

Scrap iron DRI? Scrap iron ОВР Scrap iron рв Scrap iron DRI 
Ве Е оар cun ag и 
Basic oxygen process 8,800 31,300 312 = = 2 = RS = 8,800 31,300 312 
Electric furnace 45,100 3,510 1,260 754 10 -- 4,600 1,890 3 50,500 5,410 1,270 
Cupola furnace 64 = an = M M 1,340 76 EN 1,400 76 ~ 
Other’ 1 Es x 2 Е я 30 12 = 33 12 3 
Direct castings" -- 36 2. = 22 = ES 2: ЧЕ = 36 = 
-- Zero. 


1 
„Data are rounded to no more than three significant digits; 
Direct-reduced iron. 


"Includes air furnaces. 
*Includes ingot molds and stools. 


may not add to totals shown. 
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TABLE 5 
IRON AND STEEL SCRAP SUPPLY AVAILABLE FOR CONSUMPTION IN 2011, BY REGION AND STATE”? 


New supply 


(Thousand metric tons) 
Receipts of scrap Production of home scrap 
From brokers, Recirculating 
dealers, and From other scrap resulting 
other outside company-owned from current Obsolete 


Region and State sources plants operations р? of scrap consumption 
New England and Middle Atlantic: 


Connecticut, Maine, Massachusetts, 


New Hampshire, Rhode Island, Vermont 19 (S) 15 W W 33 
New Jersey and New York 1,780 -- 93 W W 1,840 
Pennsylvania 3,660 659 1,790 W 66 6,130 

Total 5,460 659 1,900 84 103 8,000 

North Central: 
Illinois 1,710 (5) 122 36 8 1,860 
Indiana 4,230 337 1,780 -- 358 5,980 
Iowa, Nebraska, South Dakota 2,160 30 108 (5) (5) 2,300 
Kansas and Missouri 132 5 85 ~- (5) 222 
Michigan 2,100 9 1,050 (5) 504 2,650 
Minnesota 369 142 20 — 21 511 
Ohio 6,080 337 1,490 18 415 7,510 
Wisconsin 1,680 2 1,000 (5) 5 2,670 
Total 18,500 862 5,640 54 1,310 23,700 
South Atlantic: 
Delaware and Maryland W W W -- W 1,300 
Florida and Georgia W -- W -- W 825 
North Carolina and South Carolina 3,190 W W (5) (5 3,680 
Virginia and West Virginia 2,130 271 271 (5) W 2,660 
Total 7,100 545 899 (5) 77 8,460 
South Central: 
Alabama and Mississippi 5,920 W 228 -- 7 6,140 
Arkansas, Louisiana, Oklahoma 4,230 W 388 W -- 4,790 
Kentucky and Tennessee 3,490 285 308 -- (5) 4,090 
Техаѕ 3,090 690 197 W 56 3,920 
Total 16,700 1,140 1,120 9 60 18,900 
Mountain and Pacific: 
Arizona, Colorado, Idaho, Utah 1,760 W 143 W W 1,940 
California, Oregon, Washington 1,770 W 214 W W 2,200 

Total 3,520 330 357 (5) 65 4,150 

Grand total 51,300 3,530 9,920 147 1,620 63,200 


W Withheld to avoid disclosing company proprietary data; included in “Total” or “Grand total.” — Zero. 


Shipments ^ available for 


4 


'Supply available for consumption is a net figure computed by adding production to receipts and deducting scrap shipped during the year. 


The difference in stock levels at the beginning and end of the year is not taken into consideration. 
"Data аге rounded to no more than three significant digits; may not add to totals shown. 
“Obsolete scrap includes ingot molds, stools, and scrap from old equipment, buildings, etc. 
“Includes scrap shipped, transferred, or otherwise disposed of during the year. 

"Less than % unit. 
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ТАВГЕ 6 
U.S. CONSUMPTION OF IRON AND STEEL SCRAP AND PIG IRON IN 2011, BY REGION AND STATE”? 


(Thousand metric tons) 


Manufacturers of Total, all 
pig iron and raw Manufacturers of Iron foundries and manufacturing 
steel and castings steel castings miscellaneous users types 
Region and State Scrap Pig iron Scrap | Pigiron Scrap Pig iron Scrap Pig iron 
New England and Middle Atlantic: 
Connecticut, Maine, Massachusetts, New Hampshire, 
New Jersey, New York, Rhode Island, Vermont 1,750 22 8 ia 130 7 1,890 29 
Pennsylvania 5,700 2,920 206 1 205 19 6,110 2,930 
Тога] 7,450 2,940 214 1 335 26 7,990 2,960 
North Central: 
Illinois 1,450 W 25 2 374 56 1,850 2,150 
Indiana 5,680 12,600 65 (4) 252 51 6,000 12,700 
Iowa, Kansas, Minnesota, Missouri, Nebraska, South 
Dakota, Wisconsin 3,340 W 206 2 2,100 1,660 5,650 1,780 
Michigan 2,100 W 28 - 535 24 2,670 4,040 
Ohio 6,830 6,840 68 (4) 623 56 7,530 6,900 
Total 19,400 25,700 392 2 3,880 1,840 23,700 27,600 
South Atlantic: 
Delaware, Maryland, Virginia, West Virginia W W (4) (4) W W 3,960 1,580 
Florida, Georgia, North Carolina, South Carolina W W (4) е W W 4,440 200 
_ Гоа 7790 1,730 | 4) 639 49 8,390 1,80 
South Central: 
Alabama, Kentucky, Mississippi, Tennessee 9,390 3,970 W (4) W W 10,200 W 
Arkansas, Louisiana, Oklahoma 4,800 W W ы W W 4,820 W 
Texas 3,740 W 31 7 132 15 3,900 55 
Тога] _17,900 ___4,480 9 7 89 54 1890 _ 454 
Mountain and Pacific: 
Arizona, Colorado, Idaho, Utah 1,890 W 3 (4) 76 (4) 1,970 5 
California, Oregon, Washington 1,960 15 71 (4) 137 4 2,170 4 
Total 3,840 15 80 (4) 213 4 4,130 19 
Grand total 56,400 34,900 756 10 — 5,960 1,970 63,100 — 36,900 


W Withheld to avoid disclosin 
1 


2 
3 


в company proprietary data; included in “Total” or “Grand total.” -- Zero. 
Includes recirculating scrap resulting from current operations and home-generated obsolete scrap. 
Includes molten pig iron used for ingot molds and direct castings. 


Data are rounded to no more than thr 


j ce significant digits; may not add to totals shown. 
Less than И unit. 
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TABLE 7 
U.S. CONSUMER STOCKS OF IRON AND STEEL SCRAP AND PIG IRON, DECEMBER 31, 2011, BY REGION AND STATE! 


(Thousand metric tons) 
Other 
Carbon Stainless Alloy Cast grades of Total Pig 
Region and State steel” steel steel? ігоп“ scrap scrap iron 
New England and Middle Atlantic: 
Connecticut, Maine, Massachusetts, New Hampshire, Rhode 
Island, Vermont (5) (5) — (5) (5) (5) (5) 
New Jersey and New York 59 (5) -- (5) (5) 60 (5) 
Pennsyivania 242 15 14 16 2 288 3 
Total 301 15 14 16 347 3 
North Central: 
Illinois 78 (5) (6) 5 W 85 11 
Indiana 379 3 2 17 W 408 151 
Iowa, Kansas, Missouri, Nebraska, South Dakota 186 W W 2 -- 192 4 
Michigan 110 (6) W 18 22 153 4 
Minnesota and Wisconsin 68 W (6) 5 W 77 7 
' Ohio 414 30 12 106 W 562 35 
Total 1,240 36 21 153 31 1,480 212 
South Atlantic: 
Delaware, Maryland, Virginia, West Virginia 134 (5) (5) W W W W 
Florida, Georgia, North Carolina, South Carolina 276 (5) (5) W W W W 
Total 410 (5) (5) 91 27 529 60 
South Central: 
Alabama, Kentucky, Mississippi, Tennessee 404 \ W W W 451 110 
Arkansas, Louisiana, Oklahoma 685 W W W -- 804 30 
Texas 191 3 (5) 8 W 202 2 
Total 1,280 24 120 28 5 1,460 142 
Mountain and Pacific: 
Arizona, Colorado, Idaho, Utah 103 (5) (5) (5) W 103 W 
California, Oregon, Washington 89 (5) 2 7 W 143 W 
Total 192 1 2 7 45 246 6 
Grand total 3,420 77 157 296 110 4,060 423 


W Withheld to avoid disclosing company proprietary data; included in “Total” or “Grand total.” -- Zero. 
"Data are rounded to no more than three significant digits; may not add to totals shown. 

?Excludes rerolling rails. 

*Excludes stainless steel. 

“Includes borings. 

?Less than № unit. 

Withheld to avoid disclosing company proprietary data; included in “North Central Total” of “Total Scrap.” 
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ТАВГЕ 8 
U.S. AVERAGE MONTHLY PRICE AND COMPOSITE PRICE FOR NO. 1 
HEAVY-MELTING STEEL, WITH ANNUAL AVERAGES! 


(Dollars per metric ton) 
Composite 
Period Chicago, IL Philadelphia, PA Pittsburgh, PA price 
2010, average  — 33448 3215 339.54 331.96 
2011: 
January 429.00 423.75 434.25 429.00 
February 427.37 406.58 417.63 417.19 
March 425.00 409.13 415.00 416.38 
April 425.00 400.71 410.72 412.14 
May 407.86 408.57 396.90 404.44 
June 419.32 414.55 413.18 415.68 
July 420.00 423.50 415.00 419.50 
August 420.00 420.65 415.00 418.55 
September 420.00 420.00 410.48 416.83 
October 411.43 408.57 397.86 405.95 
November 388.75 373.00 377.50 379.75 
December 408.68 381.84 398.68 396.40 
Average 416.87 407.57 408.52 410.99 
‘Revised. 
! Calculated by the U.S. Geological Survey from prices published in American 
Metal Market. 
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TABLE 9 
U.S. EXPORTS OF IRON AND STEEL SCRAP, BY COUNTRY"? 


(Thousand metric tons and thousand dollars) 


2010 

Country Quantity Value Quantity Value — 
Argentina а 140 2 1180 
Austria 1 2,860 | 2,970 
Bangladesh 37 13,800 50 24,600 
Belgium 10 20,100 9 12,500 
Brazil 61 20,600 36 15,200 
Canada 1,360 417,000 1,460 503,000 
Chile 1 453 (3) 183 
China 3,210 1,800,000 4,230 2,310,000 
Colombia (3) 560 2 798 
Dominican Republic 4 960 2 635 
Ecuador 31 11,300 76 33,600 
Egypt 650 228,000 890 383,000 
Finland 43 91,700 41 93,200 
Егапсе 8 3,010 12 5,090 
Germany 9 3,540 4 2,850 
Greece 72 21,800 35 12,600 
Guatemala (3) 100 32 14,000 
Hong Kong 96 83,500 104 65,100 
India 976 347,000 1,210 532,000 
Indonesia 388 145,000 246 104,000 
Israel 3 959 (3) 321 
Italy 179 71,200 195 92,300 
Jamaica | 290 1 219 
Јарап 172 170,000 243 196,000 
Korea, Republic of 2,820 1,030,000 2,960 1,320,000 
Malaysia 803 311,000 984 432,000 
Mexico 666 213,000 549 233,000 
Netherlands 23 19,500 31 43,600 
New Caledonia 1 3,740 1 3,110 
Pakistan 174 70,100 202 111,000 
Peru 280 98,200 187 79,300 
Saudi Arabia (3) 227 19 8,360 
Singapore 8 2,880 8 3,080 
Spain 20 32,100 29 26,000 
Sri Lanka 1 281 1 1,070 
Sweden 3 9,060 5 9,120 
Switzerland (3) 79 | 313 
Taiwan 2,820 1,160,000 3,540 1,690,000 
Thailand 562 204,000 814 357,000 
Trinidad and Tobago 1 496 2 737 
Тигкеу 4,350 1,530,000 5,620 2,420,000 
United Arab Emirates 4 1,690 34 14,300 
United Kingdom 6 7,750 4 3,620 
Uruguay 1 118 | 198 
Venezuela 16 7,270 2 1,090 
Vietnam 645 221,000 396 161,000 
Other 9' 5,710 ' 73 32,900 

Total 20,500 8,380,000 24,300 11,400,000 

"Revised. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
Excludes used rails for rerolling and other uses and ships, boats, and other vessels 

for scrapping. Export valuation is free alongside ship. 
The United States exported scrap to 93 countries in 2010 and 93 countries in 2011. 


3Less than % unit. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 
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TABLE 10 
U.S. EXPORTS OF IRON AND STEEL SCRAP, 
BY CUSTOMS DISTRICT? 


(Thousand metric tons and thousand dollars) 


a === = 


Customs district 
Baltimore, MD 
Boston, MA 
Buffalo, NY 
Charleston, SC 
Charlotte, NC 
Chicago, IL 
Cleveland, OH 


Columbia-Snake, OR 


Detroit, MI 
Duluth, MN 
Е Paso, TX 


Great Falls, MT 


Honolulu, Н] 


Houston-Galveston, TX 


Laredo, TX 


Los Angeles, CA 


Miami, FL 
Mobile, AL 


New Orleans, LA 


New York, NY 
Nogales, AZ 
Norfolk, VA 


Ogdensburg, МУ 


Pembina, ND 


Philadelphia, PA 


Portland, ME 
Providence, RI 
San Diego, CA 


San Francisco; GAL . 


San Juan, PR 
Savannah, GA 
Seattle, WA 
St. Albans, VT 
Tampa, FL 
Other 

Total 


2010 


Quantity Value 


264 102,000 
1,040 360,000 
316 120,000 


160 94,300 
21 21,500 

14 5,400 

5 1,810 
1,270 466,000 
295 86,700 
75 22,700 

25 7,070 

8 2,110 

171 58,300 


889 340,000 
347 113,000 
4,000 2,030,000 
482 166,000 
97 47,100 
1,290 477,000 
2,580 1,170,000 


(3) 6 
360 166,000 
47 15,000 
430 148,000 
919 321,000 
173 65,000 
449 155,000 
29 7,620 
2,120 798,000 
339 92,300 


443 247,000 
1,190 450,000 


71 22,300 
505 184,000 
111 16,500 


20,500 8,380,000 


2011 

Quantity Value 
400 189,000 
1,430 619,000 
306 125,000 
148 93,200 
29 23,100 
7 4,570 
2 1,160 
1,440 644,000 
337 103,000 
73 28,000 
15 6,620 
7 2,060 
184 78,500 
1,190 540,000 
311 128,000 
5,080 2,700,000 
601 237,000 
144 79,700 
1,330 588,000 
3,230 1,580,000 
1 168 
433 214,000 
35 14,100 
545 214,000 
1,140 499,000 
193 87,700 
567 245,000 
9 2,880 
2,330 1,040,000 
364 126,000 
478 287,000 
1,220 559,000 
83 32,200 
597 264,000 
73 9,150 
24,300 11,400,000 


1 А . 
Excludes used rails for rerolling and other uses and ships, boats, and other vessels 
for scrapping. Export valuation is free alongside ship. 


2 
Data are rounded to no more than three significant digits; may not add to totals 


shown. 
Less than ^ unit. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 
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TABLE 11 
U.S. EXPORTS OF IRON AND STEEL SCRAP, BY GRADE"? 


(Thousand metric tons and thousand dollars) 


IRON AND STEEL SCRAP—2011 


а 
Grade Quantity Value Quantity — Value _ 

No. 1 ћеауу-те пе scrap 5,650 1,940,000 8,060 3,430,000 
No. 2 ћеау-те пр scra 1,020 331,000 1,160 482,000 
No. 1 bundles 326 80,900 525 173,000 
No. 2 bundles 53 21,900 10 2,450 
Shredded steel scrap 7,440 2,640,000 8,390 3,680,000 
Borings, shovelings, and turnings 62 10,500 106 31,400 
Cut plate and structural 825 302,000 955 420,000 
Tinned iron or steel 82 52,400 127 69,700 
Remelting scrap ingots 27 34,200 39 38,300 
Stainless steel scrap 937 936,000 656 958,000 
Other alloy steel scrap 916 840,000 947 585,000 
Other steel scrap” 2,680 1,000,000 2,850 1,270,000 
Iron scrap 517 197,000 515 228,000 
Total 20,500 8,380,000 24,300 11,400,000 
Ships, boats, and other vessels for scrapping 4 743 4 835 
Used rails for rerolling and other uses" 49 41,000 49 50,400 
Grand total 20,600 8,420,000 24,400 11,400,000 


"Раја are rounded to no more than three significant digits; may not add to totals shown. 


"Export valuation is free alongside ship. 
*Includes tinplate and terneplate. 


“Includes mixed (used plus new) rails. More information can be found in table 15. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 
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TABLE 12 
U.S. IMPORTS FOR CONSUMPTION OF IRON AND STEEL SCRAP, 
BY COUNTRY"? 


(Thousand metric tons and thousand dollars) 


2010 200 — 7 
Country Quantity Value Quantity Value 
Argentina 3 2,310 (3) 37 
Bahamas, The 9 2,560 9 2,370 
Brazil 1 1,790 4 983 
Сапада 2,700 964,000 3,260 1,290,000 
Cayman Islands 2 647 6 1,900 
China (3) 171 1 1,330 
Egypt 1 1,230 | 1,080 
France 1 479 (3) 772 
Germany 76 28,900 27 11,100 
Guatemala (3) 1,060 (3) 528 
Israel 1 976 (3) 873 
Japan 2 1,110 3 1,460 
Jordan | 147 2 355 
Korea, Republic of 1 1,450 (3) 277 
Malaysia 1 881 (3) 33 
Mexico 439 197,000 467 212,000 
Netherlands 136 49,700 55 25,000 
Peru 1 522. 5 806 
Singapore 3 776 4 7,800 
Sweden 117 38,800 86 42,900 
Taiwan 4 8,900 2 4,220 
Trinidad and Tobago (3) 1,080 (3) 121 
United Kingdom 274 106,000 69 33,800 
Other 5: 7,270 ' 8 5,090 
Total 3,780 1,420,000 4,010 1,650,000 
"Revised. 


| — por 
Data are rounded to no more than three significant digits; may not add to totals shown. 
Excludes used rails for rerolling and other uses and ships, boats, and other vessels 


for scrapping. Import valuation is customs values. The United States imported scrap 
from 57 countries in 2010 and 59 countries in 2011. 


Less than '^ unit. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 
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TABLE 13 
U.S. IMPORTS FOR CONSUMPTION OF IRON AND STEEL SCRAP, 
BY CUSTOMS DISTRICT"? 


(Thousand metric tons and thousand dollars) 


Customs district 
Buffalo, NY 
Charleston, SC 
Chicago, IL 
Cleveland, OH 


Columbia-Snake, OR 


Detroit, MI 
Duluth, MN 

El Paso, TX 
Great Falls, MT 


Houston-Galveston, TX 


Laredo, TX 

Los Angeles, CA 
Miami, FL 
Mobile, AL 
New Orleans, LA 
New York, NY 
Nogales, AZ 
Norfolk, VA 
Ogdensburg, NY 
Pembina, ND 
Philadelphia, PA 
Portland, ME 


San Diego, CA 


Savannah, GA 
Seattle, WA 
Tampa, FL 
Other 

Total 
"Revised. 


2010 


Quantity 
518 

224 

2 


3,780 


Value 
282,000 
83,800 
1,270 
2,760 
9,890 
363,000 
14,500 
28,600 
58,600 
9,770 
109,000 
11,500 
1,660 
23,700 
107,000 
1,900 
3,940 
1,470 
37,100 
21,400 
7,190 
5,710 
54,400 
938 
173,000 
2,220 


1,080 ' 
1,420,000 


2011 
Quantity 
674 
147 
9 


933 
12 

2 
4,010 


Value 
376,000 
67,600 
2,910 
14,900 
14,400 
491,000 
20,900 
20,200 
66,300 
4,670 
113,000 
2,670 
2,340 
14,600 
28,100 
3,270 
12,700 
125 
29,800 
33,200 
1,160 
4,930 
65,300 
1,360 
252,000 
3,790 
919 


1,650,000 


'Data are rounded to no more than three significant digits; may not add to totals 


shown. 


"Excludes used rails for rerolling and other uses and ships, boats, and other vessels 
for scrapping. Import valuation is customs values. 


?Less than % unit. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 
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TABLE 14 
U.S. IMPORTS FOR CONSUMPTION OF IRON AND STEEL SCRAP, BY CLASS" 


(Thousand metric tons and thousand dollars) 


2010 2011 
Class Quantity Value Quantity Value 

No. 1 heavy-melting scrap 163 48,700 199 72,400 
No. 2 heavy-melting scrap 70 18,400 70 23,900 
No. 1 bundles 1,190 457,000 1,080 493,000 
No. 2 bundles 34 6,360 21 5,320 
Shredded steel scrap 441 98,200 387 93,100 
Borings, shovelings, and turnings 94 21,400 109 25,000 
Cut plate and structural 174 43,700 263 79,600 
Tinned iron or steel 68 14,300 97 28,500 
Remelting scrap ingots (3) 190 (3) 507 
Stainless steel scrap 195 305,000 169 295,000 
Other alloy steel scrap 740 240,000 797 310,000 
Other steel scrap" 469 123,000 621 156,000 
Iron scrap 142 42,300 193 65,100 

Total 3,780 1,420,000 4,010 1,650,000 
Ships, boats, and other vessels for scrapping (3) 226 (3) 50 
Used rails for rerolling and other uses” 53 23,700 71 35,000 

Grand total 3,830 1,440,000 4,080 1,680,000 


Data are rounded to no more than three significant digits; may not add to totals shown. 
Import valuation is customs value. 

*Less than % unit. 

“Includes tinplate and terneplate. 


*Includes mixed (used plus new) rails. More information can be found in table 16. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 


38.18 
ETT 
U.S. GEOLOGICAL SURVEY MINERALS YEARBOOK—2! 


IRON AND STEEL SCRAP—2011 


Country 
Argentina 
Australia 
Bahamas, The 
Brazil 
Canada 
Cayman Islands 
Chile 
China 
Colombia 
Denmark 
Dominican Republic 
Germany 
Guatemala 
Guinea 
Guyana 
Hungary 
India 
Ireland 
Italy 
Jamaica 
Japan 


Korea, Republic of 


Mexico 
Netherlands 
Nigeria 
Panama 
Peru 

Saudi Arabia 
Taiwan 


United Arab Emirates 


United Kingdom 
Venezuela 
Other 
Total 
‘Revised. -- Zero. 


TABLE 15 
U.S. EXPORTS OF USED RAILS FOR REROLLING AND OTHER USES, 


BY COUNTRY"? 
2010 
Quantity Value 
(metric tons) (thousands) 
10 $22 
1,760 2,460 
106 143 
28 62 
13,200 12,600 
15 36 
161 270 
169 154 
18 41 
24 99 
981 1,010 
23 39 
8 22 
12 10 
79 142 
130 178 
18 116 
37 60 
201 168 
3 20 
27,800 19,900 
52 135 
204 172 
80 158 
135 140 
95 262 
3,290 1,870 
10 13 
79 176 
265' 504 ' 
49,100 41,000 


2011 


Quantity 
(metric tons) 
166 
1,500 
120 
229 
27,500 
4 
910 
20 
156 
1,140 
102 
103 
433 


846 

19 
12,100 
47 


102 

31 

310 
249 
49,100 


Value 
(thousands) 
$139 
2,470 
142 
442 
27,000 
6 
1,310 
121 
149 
1,200 
158 
91 
536 
22 


221 

26 

616 
406 
50,400 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Export valuation is free alongside ship. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 
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TABLE 16 
U.S. IMPORTS FOR CONSUMPTION OF USED RAILS FOR REROLLING 
AND OTHER USES, BY COUNTRY"? 


ENDE 


2010 2011 
Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
Canada 46,800 $18,500 59,300 $27,100 
France -- -- 142 77 
Germany 15 40 5 11 
Јарап 4 10 5 13 
Mexico 107 38 241 150 
Russia 6,250 4,910 11,000 7,540 
Spain 13 119 -- – 
United Kingdom 2 6 | 3 
Other 37 69 29 56 
Total 53,200 23,700 70,700 35,000 
-- Zero. 


1 e . . в 

Data are rounded to no more than three significant digits; may not add to totals 
shown. 

"Import valuation is customs value. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 


TABLE 17 
U.S, EXPORTS OF DIRECT-REDUCED IRON, BY COUNTRY"? 
а дане 
2010 2011 
Quantity Value Quantity Value 

Country (metric tons) (thousands) (metric tons) (thousands) 
Canada -- -- 1,970 $242 
China 213 $31 — -- 
Costa Rica _____ 557 59 5 » 
Korea, Republic of _ = -- 414 44 
Malaysia -— oe 54 6 
Mexico 204 25 -- -- 
Switzerland _____ - - 85 9 
United Kingdom ______--______190 MT 

Тога! 974 115 3,910 448 


-- Zero. 
!Data аге rounded to по more than three significant digits; may not add to totals shown. 


2nata are for steelmaking-grade direct-reduced iron only. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 


TABLE 18 
U.S. IMPORTS FOR CONSUMPTION OF DIRECT-REDUCED IRON, 
BY COUNTRY"? 
eee eee, 7 T el 
2010 2011 
Quantity Value Quantity Value 
Country (metric tons) (thousands) _ (metric tons) (thousands) 
Russia -- -- 252 $117 
South Africa 39,100 $11,700 7,600 2,280 
Trinidad and Tobago 1,270,000 490,000 1,450,000 645,000 
Venezuela 331,000 106,000 342,000 127,000 
Other 63 22 43 11 
Total _. 1,640,000 607,000 1,800,000 775,000 
-- Zero. 
y not add to totals shown. 


ага are rounded to no more than three significant digits; ma 
?Data are for steelmaking-grade direct-reduced iron only. 


Sources; U.S. Census Bureau and U.S. International Trade Commission. 
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Country 

Austria 
Brazil 
Canada 
China 
Colombia — — ^ 
Dominican Republic 
French Polynesia 
Germany 
Hong Kong 
India | 
Israel 
Italy 
Japan 
Korea, Republic of ___ 
Mexico” 
Singapore 
Uruguay 
Other 

Total 
-- Zero. 


TABLE 19 
U.S. EXPORTS OF PIG IRON, BY COUNTRY? 


2010 


Quantity Value 


(metric tons) (thousands) 


9 $9 

14,900 7,190 

62 19 

3,300 25 

149 137 

25 26 

37 40 

29 10 

2 5 

272 237 
2,200,000 5,530 
113 123 

76 25 

13 6 
2,220,000 13,400 


2011 
Quantity Value 
(metric tons) (thousands) 
289 $96 
107 27 
8,320 4,170 
33 35 
175 58 
11 4 
15 5 
86 32 
19 6 
146 78 
757 495 
1,100 933 
40,100 20,900 
20 22 
162 54 
84 35 
51,400 27,000 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes the following grades of pig iron: less than or equal to 0.5% phosphorus content, 
greater than 0.5% phosphorus content, and alloy grade. Export valuation is free alongside 


ship value. 


ЗАП or part of these data have been referred to the U.S. Census Bureau for verification. 


Sources: U.S. Census Bureau and U.S. International Trade Commission. 


TABLE 20 


U.S. IMPORTS FOR CONSUMPTION OF PIG IRON, BY COUNTRY"? 


Country 
Australia 
Belgium 
Brazil 
Canada 
China 
Germany 
Russia 
South Africa 
Sweden 
Switzerland 
Ukraine 
United Kingdom 
Venezuela 

Total 
-- Zero. 


2010 

Quantity Value 
(metric tons) (thousands) 
175 $185 
7,000 2,340 
1,600,000 650,000 
141,000 63,300 
56,900 23,000 
37 35 
1,060,000 447,000 
127,000 51,000 
729,000 280,000 
61,300 20,400 


3,780,000 1,540,000 


2011 
Quantity Value 
(metric tons) (thousands) 
619 $834 


2,250,000 1,130,000 


106,000 67,200 
7,460 4,240 
1,190,000 596,000 
157,000 83,300 
8,330 3,860 
49,200 25,400 
293,000 149,000 

9 5 

128,000 55,100 
4,190,000 2,120,000 


„Data are rounded to no more than three significant digits; may not add to totals shown. 
Includes the following grades of pig iron: less than or equal to 0.5% phosphorus content, 
greater than 0.5% phosphorus content, and alloy grade. Import valuation is customs value. 


Sources: U.S. Census Bureau and U.S. Intemational Trade Commission. 
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IRON ORE 


By Christopher A. Tuck and Robert L. Virta 


Domestic survey data and tables were prepared by Michelle B. Blackwell, statistical assistant, and the world production 
table was prepared by Glenn J. Wallace, international data coordinator. 


U.S. iron ore production increased by 9.6% to 54.7 million 
metric tons (Mt) in 2011 from 49.9 Mt in 2010. Reported 
consumption (iron ore and agglomerates) increased by 9.5% 
to 46.3 Mt in 2011 compared with 42.3 Mt in 2010. World 
iron ore production increased by 6.5% in 2011 compared with 
2010. China was the leading producer and consumer of iron 
ore, accounting for 45% of gross iron ore production (about 
30% by metal content), followed by Australia, Brazil, and India 
(tables 1, 16). These four countries accounted for about 83% of 
gross global iron ore production. 

Iron ore is the basic raw material for producing iron and 
steel. The supply of iron ore is critical to the economies of 
all industrialized nations. Scrap, a supplement to iron ore in 
steelmaking, is also an extremely important feed material, 
but owing to lack of supply of high-quality scrap, its use has 
limitations. Direct reduced iron (DRI) is an alternative to scrap, 
but requires iron ore for its production. 

Two iron oxides—hematite (Fe,O,) and magnetite (Fe,O,)— 
are the primary ore minerals of iron. Taconite, the primary iron 
ore mined in the United States, contains hematite and magnetite 
in varying proportions and is found in hard, fine-grained, banded 
iron formations with iron content between 20% and 30%. 
Almost all domestic iron ore production is transformed into 
molten iron in blast furnaces by the iron and steel industry. Most 
molten iron then goes directly to a basic oxygen furnace (BOF) 
for conversion to steel by removing most of the residual carbon. 
The remainder is poured into molds to produce pig iron. 

In 2011, the United States used 46.3 Mt of iron ore, an 
increase from 42.3 Mt in 2010. The United States also produced 
30.2 Mt of pig iron in 2011 compared to 26.8 Mt in 2010 
(American Iron and Steel Institute, 2012, p. 73). 

Raw steel production, at 86.4 Mt, increased by 7.3% 

‚ compared with 80.5 Mt in 2010. U.S. apparent steel 
consumption increased to 90 Mt from 80 Mt in 2010. Imported 
iron ore supplemented domestically produced iron ore in the 
production of pig iron, which is used along with imported pig 
iron, DRI, and scrap to produce raw steel. Integrated steel mills 
produce steel from iron ore; minimills produce steel from DRI 
and scrap. In 2011, the minimill sector of the steel industry 
accounted for 60% of the U.S. raw steel production. Integrated 
steelmakers can increase steel mill product production without 
Increasing blast furnace production by importing pig iron and 
semifinished steel. This permits steelmakers to avoid costly 
startup of less-efficient blast furnaces held in reserve and the 
employment of additional skilled workers. In 2011, net U.S. 
Sad (exports minus imports) of pig iron, sponge (DRI), and 
стар were 14.3 Mt, while in 2010 the net exports were 9.6 Mt. 
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Legislation and Government Programs 


The Minnesota taconite production tax rate for 2012 changed 
for concentrates and pellets produced in 2011, increasing to 
$2.412 from $2.380 per taxable long ton. The taxable tonnage 
for 2011 was based on the average tonnage produced in 2009-11 
(Minnesota Department of Revenue, 2012, p. 5). 


Production 


The U.S. Geological Survey (USGS) develops U.S. iron 
ore production data through an annual “Iron Ore" survey, 
which is sent to iron ore mines, and those mines provided 
the domestic production statistics shown in tables 1 through 
4. This information is supplemented by employment data, 
information from consumers, tax records, and mine inspection 
reports. Steel plant data continues to be compiled by the 
American Iron and Steel Institute (AISI). 

In 2011, domestic iron ore production was 54.7 Mt, 9.694 
more than the 2010 production, which was 49.9 Mt. Michigan 
and Minnesota taconite mines accounted for almost all 
domestic iron ore production—seven mines operated on the 
Mesabi Range in northeastern Minnesota and two on the 
Marquette Range in Michigan's Upper Peninsula. Domestic iron 
ore supply (production minus exports) met 94% of domestic 
demand in 2011. 

Cliffs Natural Resources Inc. (Cleveland, OH) reported that 
2011 iron ore production for its North American operations 
totaled 37.9 Mt from the Empire, Hibbing Taconite, Northshore, 
Tilden, and United Taconite Mines in the United States and the 
Wabush Mine in Canada. Cliffs' share of the total production 
from these North American operations was 23.7 Mt from 
the United States operations and 6.9 Mt from the Canadian 
mine. Total Cliffs’ North American production tonnage share 
for the mines it managed during the year increased by 1594 
compared with that of 2010, and overall iron ore sales revenue 
increased by 61% to $4.69 billion compared with that of 2010 
(Cliffs Natural Resources Inc., 2012, p. 8, 64, 66). 

Minnesota.— Minnesota produced more than 75% of the 
usable iron ore in the United States in 2011; nearly all of the 
output was pellet production. Almost all of the production 
from the State came from open pits on the Mesabi Iron Range 
although a minor amount of the production did come from | 
reworked tailings. Minnesota taxable production, grouped by 
operating company, was summarized as follows: United States 
Steel Corp. (Pittsburgh, PA) produced 5.01 Mt of partial flux 
pellets and a minor amount of fines, chips, and concentrates 
from its Keetac Taconite operations and 14.1 Mt of fluxed pellet 
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production from its Minntac operations; Hibbing Taconite 

Co. [joint venture of Mittal Steel USA (62.3%), Cliffs Natural 
Resources (23%), U.S. Stee] Canada (14.7%)] produced 7.91 Mt 
of partial fluxed (containing less than 2% flux) pellets; United 
Taconite Co., LLC (subsidiary of Cliffs Natural Resources) 
produced 5.23 Mt of partial fluxed pellets, a minor amount of 
pellet chips and fines, and a minor amount of concentrates; 
Northshore Mining Co. (subsidiary of Cliffs Natural Resources) 
produced 5.57 Mt of partial fluxed pellets and a small 

amount of pellet chips and fines; and ArcelorMittal Minorca 
Mine Inc. (Chicago, IL) produced 2.79 Mt of flux pellets 

and 111,000 metric tons (t) of pellet chips and concentrates 
(Lesar, 2011, р. 8-9). 

U.S. Steel received final permitting for eventual expansion 
of its Keetac iron ore pelletizing facility near Keewatin, 

MN. The anticipated cost of the expansion was $800 million 
with the expansion increasing the company’s pelletizing 
production capacity by 3.6 million metric tons per year (Mt/yr) 
(United States Steel Corp., 2012, p. 13). 

Steel Dynamics, Inc. (Fort Wayne, IN) continued with the 
permitting process for its Mesabi Mining, LLC iron ore property 
near Hoyt, MN. The Mesabi Mining operation will provide 
iron ore concentrate for its Mesabi Nugget, LLC [joint venture 
with Kobe Steel Ltd. (19%)] iron nugget plant, which was 
commissioned in January 2010. Steel Dynamics also continued 
developing its Mining Resources operation site near Chisholm, 
MN. The company planned to recover iron ore from tailings 
at the Mining Resources, LLC site and process them in a plant 
being constructed adjacent to the property, which was slated 
for startup in the third quarter 2012 (Steel Dynamics, Inc., 

2012, Р. 18, 35-36). . 

Magnetation, Inc. (Nashwauk) entered into a 50.1%-49.9% 
joint venture, Magnetation LLC, with AK Steel Corp. The 
joint venture will operate Magnetation Inc.'s original iron ore 
concentration plant near Keewatin, MN, and also construct 
a 1 Mt/yr iron ore concentration plant nearby. Magnetation 


LLC also began site selection in anticipation of constructing 
lant to convert its recovered hematite 


а 3 Mt/yr pelletizing p 
concentrate into pellets for AK Steel (AK Steel Corp., 2011; 


Magnetation, Inc., 2011). 


Consumption 
umption increased by 9.5% to 46.3 Mt from 
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tion of 42.3 Mt in 2010 (table 1). Pig iron pro п, 
к К M: in 2011, was 12.776 greater than the 2010 production 


i | Institute, 2012, p. 73). 
26.8 Mt (American Íron and Stee ‚20 
dod steel production using BOF technology, which had been 
t the lowest production level in more than a decade in 2009, 
x i by 9% to 34.3 Mt (American Iron and Steel Institute, 


‚ 81). 
2012, p. 81) of iron ore, including agglomerates, reported 
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from other countries. Other iron-bearing materials charged to 
blast furnaces included mill scale, slag scrap, and steel furnace 
slag (American Iron and Steel Institute, 2012, р. 80). 

The three consumption numbers used in this annual review 
are reported in tables 1, 6, and 7. The first consumption number 
(46.3 Mt in 2011, in table 1) is the sum of the ore consumed 
by input type, the ore consumed in DRI production, and the 
ore consumed in nonsteel uses, as reported to the USGS. The 
second consumption number (45.7 Mt in 2011, in table 6) is 
the ore consumed in U.S. iron and steel plants by type of ore 
reported by the AISI. The third consumption number is an 
estimate of consumption for DRI and other miscellaneous uses, 
which include iron ore consumed in production of cement and 
iron ore shipped for use in manufacturing cattle feed, ferrites, 
heavy media, paint, refractory and weighing materials, and for 
use in lead smelting (table 7). Data on iron ore consumption 
for DRI production (none in 2011) and for nonsteel end 
uses (605,000 t in 2011) were compiled from USGS surveys and 
information provided by Midrex Technologies, Inc. (2012, p. 6). 


Prices 


The average unit value of iron ore produced in the United 
States was $99.45 per metric ton in 2011, a decrease from 
$98.79 per ton in 2010. The average unit value for Michigan 
and Minnesota combined was $99.45 per ton in 2011, an 
increase from 2010. The average unit value for California and 
South Dakota combined was $48.13 per ton, a decrease from 
2010. The average unit value of exports was $120.05 per ton, 
ranging from $62.37 per ton for coarse ores to $137.07 per 
ton for pellets (table 9). The average value of imports was — 
$159.50 per ton, ranging from $65.75 per ton for roasted pyrites 
to $329.83 per ton for briquettes (table 10). 

The producer price index (PPI) for iron ore under 
North American Industry Classification (NAICS) code 
2122102122100 for iron ore, including crude, concentrates, 
agglomerates, and pellets increased from 161.3 in January 
(December 1997--100) to 168.4 in April, declined slightly in 
May, and was 195.7 at yearend. The average index of 173.8 
in 2011 was significantly greater than the average of 154.6 
in 2010. The PPI measured the average change in the selling 
prices charged by domestic producers of iron ore over time 
(U.S. Bureau of Labor Statistics, 2012). 

With the rise in prices in 2011, the steelm 
along the increased costs to their customers 
clauses (Matthews, 2011). The average price 
Australian iron ore fines with 62% iron content, spot price э , 
Tianjin, China, port, was $180 per ton in January and io" 
about the same through September ($177 per ton). S Н 
for iron ore then declined as the Chinese economy е »d 
December, the price was $137 per ton (Freeman, 201 му 
Mundi, undated). 

With the end of benchmark pricing in 2010, all ne% при 

: i i t pricing in 2011. With 5° 
prices were determined using spo Il impact of spot pricing 
long-term contracts still in place, the full imp 


was not evident. 


akers began passing 
through escalator 
of imported 
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Transportation 


The Lake Carriers’ Association (2012) reported that the iron 
ore shipments on the Great Lakes were 49.9 Mt in 2011, an 
increase of 14% compared with 43.7 Mt in 2010 and almost 
twice the 26.0 Mt shipments of 2009. Iron ore shipments 
for 2011 were slightly greater than those attained before the 
2008-09 recession. 


Foreign Trade ' 

In 2011, U.S. exports of iron ore exceeded imports by 5.8 Mt. 
Exports increased by more than 1196, while imports decreased 
by 1896 compared with 2010 figures. U.S. iron ore exports were 
77% pellets (8.5 Mt), and 6496 of the exports was shipped via 
the Great Lakes to Canadian steel companies, while 2996 was 
shipped to China, 3.9% to France, and 1.7% to Spain. U.S. 
imports totaled 5.3 Mt, of which Canada's share increased 
to 7496 from 7096 in 2010 and Brazil's share increased to 
11% from 8% in 2010. Imports from Mexico, Russia, and 
Trinidad and Tobago declined significantly. The largest decline 
was for Russia, which took place because of the idling and 
eventual sale of Severstal NA's Sparrow's Point steel plant in 
Baltimore, MD. 


World Industry Structure 


Consumption.—Although not a direct measure, imports of 
iron ore and production of crude steel, DRI, and pig iron can be 
used as guides to indicate whether global iron ore consumption 
rises or falls. DRI and pig iron production are likely to be 
more direct indicators of iron ore consumption than crude steel 
production because, to varying degrees in each country, part of 
steel production comes from scrap consumption in minimills. 
Iron ore net imports cannot be used as a straightforward 
indicator of a change in iron ore consumption in countries that 
produce iron ore unless a country's own ore production remains 
constant. World consumption of iron ore was estimated to have 
increased, owing to increases in production of pig iron (6.6%) 
and DRI (5%) compared with 2010 levels. 

Companies continued to expand current mines and facilities, 
develop mines, and also investigate new deposits. An estimated 
$1.84 billion was spent in 2011 for iron ore exploration with 
а primary focus on deposits in Australia ($1.08 billion), 

Brazil ($111 million), and Guinea ($113 million) (Metals 
Economics Group, 2011, p. 9—10). Further evaluations and 
(or) developmental work were made on iron ore deposits 
In Australia, Cameroon, Congo (Brazzaville), Liberia, and 
Sweden (Mining Journal, 201 Ib). 

World crude steel production increased to 1.5 billion metric 
tons (Gt) from 1.4 Gt in 2010. Nine countries each produced 
more than 35 Mt of crude steel and combined accounted for 
almost 79% of world production in 2011. Of those countries, 
Sors produced about 53 Mt more crude steel in 2011 than in 
"IA aiam нан 10 2. more; the United States produced 
Бао ; арап рго uced 2 Mt less. Combined production 

е others (India, Brazil, Ukraine, Russia and Germany) 
a c Mt more in 2011 than in 2010 (United Nations 
onterence on Trade and Development, 2012, p. 137-139). 
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Production.—World iron ore production of 2.9 Gt, gross 
weight, increased by 14% from 2010 production levels. Gross 
weight includes reporting by China of crude ore, rather than 
ore concentrate. In 2011, world production of ore concentrate 
was 2.2 Gt when the crude Chinese iron ore production was 
converted to concentrate. China remained the leading iron 
ore producer (1.33 Gt of ore and approximately 710 Mt of 
concentrate), followed by Australia (488 Mt), Brazil (373 Mt), 
and India (240 Mt). These four countries account for about 
8396 of the world production of iron ore (gross weight and 
concentrate). In 2011, iron ore was produced in 41 countries, 
with production exceeding 1 Mt, gross weight, in 26 of those 
countries (table 16). World DRI production increased to 
73.3 Mt, which was 4% greater than that of 2010 (Midrex 
Technologies, Inc., 2012). 

Trade.—World iron ore imports rose by 6.8% to 1.12 Gt 
compared with 2010 levels. This continued the trend of large 
year-on-year increases in imports for the past 10 years. Since 
2002, four countries, China, Germany, Japan, and the Republic 
of Korea, have accounted for more than two-thirds of world 
iron ore imports, with their share increasing to 8296 in 2011 
from 6296 in 2002. China's share almost tripled during this 
10-year period to 6196 from 2196 of the world's iron ore 
imports. Germany's share of imports in that period decreased 
to 3.7% from 8.4%, Japan's share decreased to 1196 from 24%, 
and the Republic of Korea's share decreased to 6% from 8% 
(United Nations Conference on Trade and Development, 2012, 
p. 122-123). 

World iron ore exports of 1.16 Gt increased by 7.9% 
compared with 2010 levels. Australia's and Brazil's combined 
share of world iron ore exports increased slightly to 68.294 in 
2010 compared with their 66.796 share in 2010. Five countries 
accounted for more than 83% of world iron ore exports. 
Australia was the source of 3896 of iron ore exports; Brazil, 
30%; India, 6.8%; South Africa, 4.596; and Ukraine, 3.0% 
(United Nations Conference on Trade and Development, 2012, 

p. 120-121). 

China, the world's leading importer of iron ore with an 11% 
increase, imported 687 Mt of iron ore in 2011 compared with 
619 Mt in 2010. China imported 653 Mt of nonagglomerated 
ore and 34.2 Mt of agglomerated ore. The leading exporters 
of nonagglomerated ore to China were Australia (4596), Brazil 
(21%), India (11%), South Africa (6%), and Iran (294), with the 
remainder shared among more than 40 countries. Brazil (25%) 
Russia (17%), Canada (13%), and Ukraine (1 1%) were the | 
leading exporters of agglomerated ore to China. In 201 l, nine 
countries exported more than 10 Mt of ore to China compared 
with four countries in 2007 (TEX Report, 2011a—b). 

Mergers and Acquisitions. —There were 66 acquisitions 
and mergers related to iron ore in 2011. The leading five 
which accounted for $6.59 billion of the $9.10 billion bid 
: acquisitions and mergers in 2011, were Cliffs Natural 
esources acquiring Consolidated Thompson I i 
($4.4 billion); Atlas Iron Ltd. acquiring ин КЕ 
($805 million); Wah Nam International Holdings Ltd. acquiri 
Brockman Resources Ltd. ($698 million, ongoin thr ie 
2012); ArcelorMittal and Nunavut Ir О i = ; ja "ue 
acquiring Baffinland Iron Mines C Myr о e 
orp. ($514 million); and 
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Xstrata ple finalizing its acquisition of Sphere Minerals Ltd. 
($458 million) (Grant, 2012). 


World Review 


Afghanistan.—The Government of Afghanistan awarded 
rights to develop three areas in the Hajigak iron ore deposit 
in Bamiyan Province to a consortium of companies from 
India. The consortium, composed of Jindal Steel & Power 
Ltd., JSW Steel Ispat Ltd., JSW Steel Ltd., Monnet Ispat and 
Energy Ltd., National Mineral Development Corp., Rashtriya 
Ispat Nigam Ltd., and Steel Authority of India Ltd., planned 
to spend $75 million conducting a geological study during the 
next 3 years. The consortium also agreed to invest $10.9 billion 
to construct a 6-Mt/yr steel plant, 1-gigawatt powerplant, and 
infrastructure during a 10-year period. Rights to develop a 
fourth area in the deposit were awarded to the Canadian firm 
Kilo Goldmines Ltd. Iron ore resources in the Hajigak deposit 
were estimated to be 1.8 Gt at 62% to 63% iron content 
(Mining Journal, 201 1a). 

Australia.—BHP Billiton Ltd. (Melbourne) produced 
149 Mt in 2011, a 16% increase from 128 Mt in 2010. BHP 
Billiton’s share of salable quantities of iron ore (wet) from 
its joint-venture projects in the Pilbara region of Western 
Australia were as follows: Area С ЈУ (85% owned), 40.5 Mt; 
Goldsworthy JV (85% owned), 1.18 Mt; Mount Newman 
JV and Jimblebar (85% owned), 50.8 Mt; and Yandi JV 
(85% owned), 45.5 Mt. The company’s share of shipments from 
Pilbara was 31.6 Mt of lump and 106 Mt of fines (BHP Billiton 
Ltd., 2012, p. 9). | 

ВНР Billiton continued work on its Rapid Growth Project 5 
in Western Australia, including upgrading the Newman rail line, 
adding two new berths in Port Hedland harbor, and crushing, 
screening, and stockpiling facilities at Yandi. The company 
also approved an additional $7.4 billion to continue expansion 
of its Western Australia iron ore operations. That expansion 
included development of the J imblebar Mine and rail links and 
adding two berths and shiploaders, a blending facility, a car | 
dumper, conveyor system, and rail lines at its Port Hedland site 
(BHP Billiton Ltd., 2011, p. 54). Е 

Rio Tinto PLC announced full-year production figures for 
2011. Rio Tinto’s share of salable quantities of iron ofS plus 
pellets for Australia were as follows—Channar (60% owned), 
6.6 Mt; Eastern Range (100% owned), 9.4 Mt; Hamersley 

00% Mt: Hope Downs (50% owned), 15.9 Mt; 
(100% owned), 122 Mt; Mop а 
and Robe River (53% owned), 30.5 Mt. Rio Tinto’s share 

tal world mine production (Australian and Canadian 

e - 4 4% increase from 185 Mt in 2010 
operations) was 192 oe | o In 

oTi 12, p. 46). 
go ш. == an expansion of its operations in Western 

tralia. The company committed $933 million to maintain 

i И + Marandoo Mine in Pilbara and $676 million to 
у сЕ rt facilities at its Cape Lambert Port. Rio Tinto 
expanding ас i e capacity at its Pilbara iron mine, 
also continued work to increase cap eee 
and debottleneck and upgrade its port facilities a p 
(Rio Tinto plc, 2012, p. 28) 


Fortescue Metals Group LLC shipped 46.5 Mt of ore in 


issi its Christmas Creek 
T mpany also commissioned its C | 
Ak = А 2 facility at the Chichester Hub and made its first 
ore 
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shipments from its joint venture at the Nullagine Mine near 
the Christmas Creek operation (Fortescue Metals Group LLC, 
201 1a, р. 11; b-c; 2012). 

Brazil.—In 2011, Vale S.A (Rio de Janeiro) reported that 
its iron ore production increased by 5% to 323 Mt (including 
Vale’s 50%-joint venture with BHP Billiton in Samarco) from 
308 Mt in 2010. Vale’s share of salable quantities of iron ore 
was as follows, in decreasing order of tonnage—Southeastem 
System, 120 Mt; Northern System, 110 Mt; Southern System, 
76.3 Mt; Samarco, 10.8 Mt; and Midwestern System, 5.6 Mt. 
Vale pellet production in 2011 increased to 52.3 Mt [including 
interests in the pelletizing operations at Anyang (25%), 
Hispanobra (50.9%), Samarco (50%), Vale Oman Pelletizing 
Co. LLC (100%), and Zhuhai YPM (25%)] from 49.3 Mt in 
2010. The breakdown of salable quantities of iron ore pellets 
from 100%-owned Vale operations was, in decreasing order of 
pellet production, Nibrasco, 9.34 Mt; Tubarão, 5.73 Mt; São 
Luis, 5.06 Mt; Kobrasco, 4.56 Mt; Itabrasco, 4.23 Mt; Vargem 
Grande, 4.07 Mt; Fabrica, 3.94 Mt; and Oman, 2.1 Mt (Vale 
S.A., 2012). Vale announced plans to construct a 9.25 Mt/yr 
pelletizing plant at its Samarco operation. The $290 million 
plant was expected to be the largest in the world and was 
scheduled to be online by yearend 2013 (Metal-Pages, 2011). 

Canada.—Iron Ore of Canada [owned jointly by Labrador 
Iron Ore Royalty Income Fund (15.1%), Mitsubishi Corp. 
(26.18%), and Rio Tinto (58.72%)] produced 4.8 Mt of iron 
ore concentrates and 8.7 Mt of iron ore pellets (Labrador Iron 
Ore Royalty Corp., 2012, p. 5, 6). ArcelorMittal Mines Canada 
(formerly Québec Cartier Mining Co.) produced 15.1 Mt of 
iron ore concentrates and pellets (ArcelorMittal S.A., 2012, 

p. 38). Cliffs Natural Resources mined 6.9 Mt of pellets and 
concentrate at its eastern Canadian operations, which included 
Wabush Mines Ltd. and the former Consolidated Thompson Iron 
Mining Ltd. (Cliffs Natural Resources Inc., 2012, p. 38). 

During 2011, Cliffs Natural Resources acquired all shares of 
Consolidated Thompson Iron Mining, which had a 75% interest 
in the Bloom Lake iron ore property near Fermont, Quebec. 
The acquisition included Consolidated Thompson's mine and 
concentrator at Bloom Lake and its port facilities at Pointe 
Noire in Sept Iles, Quebec. The transaction broadened Cliff's 
customer base and expanded its service of international markets. 
Consolidated Thompson was to operate as Cliffs Quebec гоп 
Mining Ltd. China's Wuhan Iron and Steel (Group) Corp. 
owned the remaining 25% share of Bloom Lake (Cliffs Natural 
Resources Inc. 2012, p. 6, 39). 

ArcelorMittal announced plans for a $2.16 billion ex 
of its Mont-Wright mine to increase ore output to 24 Mt from 
14 Mt by 2012 and to increase iron ore pellet production 
at its Port-Cartier, Quebec, plant to 24 Mt from 14 Mt 
(Gordon, 2011). TS 

Labrador Iron Mines Holdings Ltd. (LIM) began mining = 4 
James Mine near Schefferville, Labrador. The company shippe 
1.21 Mt of ore for processing to the Silver Yards РИ 0004 
plant which was commissioned in June. Processing of que 
of ore yielded 230,000 t of lump and sinter fine produc T 
also made refinements to the Silver Yards plant to UI 
output of fines and ultra-fines. The company's sales In 4: 


pansion 
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totaled 386,000 t (Labrador Iron Mines Holding Ltd., 2012, 
р. 3—4). 

Guinea.—Rio Tinto сате to an agreement with the 
Government of Guinea regarding ownership of the Simandou 
iron ore deposit. Rio Tinto retained ownership of blocks 3 and 4 
of the original four block prospect. The Government of Guinea 
retained up to a 35% ownership in the project, an increase from 
the original 20% interest. Under the agreement, Rio Tinto also 
will be expected to pay a 3.5% royalty, build a rail line through 
Guinea to the coast, and develop a port facility in Guinea. With 
the settlement, Rio Tinto can proceed to sell a 44.65% share 
of the iron ore asset to Aluminum Corporation of China Ltd. 
(Chinalco) for $1.35 billion. Vale controlled a majority share of 
Blocks 1 and 2 of the Simandou deposit (Winning, 2011). 

India.—Controversy continued concerning exports of 
iron ore from India, the fourth ranking producer of iron ore 
globally. The Indian steel industry argued that the iron ore 
should be conserved for domestic use rather than exported. 

The Government of India increased export duties on iron ore 
fines to 20% from 5% and on lump ore to 20% from 15% in the 
2011-12 budget year. Exports of pellets were duty-free because 
they were considered value-added products. Iron ore exports 
declined by 17% in the 2009-10 budget year (Metal Bulletin, 
2011, р. 18-19). 

Liberia.—ArcelorMittal began producing iron ore from its 
Nimba County mine in September. The company produced 
1.3 Mt of ore in 2011 and planned to mine 4 Mt in 2012. Plans 
were being reviewed to eventually expand mine production to 
15 Mt by 2015 (ArcelorMittal S.A., 2012b, p. 23). 

Malaysia.—Vale began construction of a $1.3 billion 
distribution center near Telak Rubiah. The center will include | 
a pelletizing plant, warehouses, and a shipping terminal with 
sufficient depth for Valemax vessels, dry bulk carriers designed 
to Vale's specifications with a capacity of 400,000 dead weight 
tons. The center was expected to be completed in 2014, handling 
60 Mt/yr on startup (Iron Ore Team, 2011). 

Oman.—Vale began producing direct reduction pellets 
at its $1.36 billion pelletizing plant in the Sohar industrial 
complex. The plant contained two pelletizing units, each with 
a capacity of 4.5 Mt/yr. At yearend, one unit was operating at 
full capacity and the other, which began operating in November, 
had not yet reached full capacity. The complex was designed 
as a distribution center with an annual production capacity of 
40 Mt/yr (Platts Metals Week, 2011; Vale S.A., 2012b, p. 20). 
| South Africa.—Anglo American plc began shipping lump 
iron ore from its Kolomela Mine in December. The mine's 
output of 1.5 Mt supplemented Anglo American's production 

at the Sishen Mine in the Northern Cape (38.9 Mt), and the 
Thabazimibi Mine in Limpopo (0.9 Mt), and the company's 
Атара operation in Brazil (4.8 Mt of pellet feed and sinter 
feed). Production at the Kolomela Mine was expected to 

be 4 to 5 Mt in 2012 and 9 Mt/yr when fully operational 
(Anglo American ple, 2012, p. 12, 55, 56). 


Outlook 


_ US. iron ore production has been recovering owing to 
improved domestic demand for steel for automotive production, 
increased exports, and decreased imports. Iron ore production 
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returned to tonnages seen before the 2008—09 economic 
downturn, and steel production also has been recovering from 
the downturn. Most U.S. iron ore production is sold directly to 
the domestic steel industry, although in 2011, 12% of domestic 
ore was shipped to Canada, 5.8% was shipped to China, and 
small amounts were exported to other countries. Neither the 
dominance of the domestic markets nor the pattern of exports 
to Canada is expected to change in the near future, although 
changes in ownership of some steel plants have led to minor 
changes in the countries from which iron ore is imported. 

Although expectations of economic growth were lowered for 
many countries for 2012 and 2103, demand for iron ore still 
was expected to increase, driven largely by continued growth 
in construction in China where steel production was expected 
to increase at a rate of 6% in 2012 compared with 8% in 2011 
(Standard Chartered Bank, 2012). The announced expansions 
and new mines developments are expected to adequately supply 
global iron demands, particularly considering the slowdown of 
the Chinese economic growth. 

Trends in the steel industry are provided in the “Outlook” 
section in the Iron and Steel chapter of the 2011 USGS Minerals 
Yearbook, volume I, Metals and Minerals. The development of 
projects using new and existing direct reduction technology in 
northern Minnesota is expected to encourage growth of the U.S. 
iron ore industry within the next few years, as developments 
such as Stee] Dynamics’ Mesabi Nugget project comes to full 
production and Essar Steel’s Minnesota Iron project is built. 

China’s economy was predicted to increase 8.2% in 2012, 

a lower rate than 9.2% in 2010, and 10.4% in 2009. So while 
the economy of the leading global consumer of iron ore and 
producer of steel is going to continue to expand, it will likely 
be at a slower pace than prior to 2011: According to the 
International Monetary Fund, economic growth in most of the 
other major steel producing countries, such as Germany, India, 
Japan, Russia, and the United States, is expected to be less in 
2012 and 2013 than in 2010 and 2011. While several major 
iron ore producers are proceeding with their expansions, BHP 
Billiton, the third ranking iron ore producer, has scaled back 
its capital expenditures for expansion activities in Australia 
(Раш, 2012). 
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TABLE 1 
SALIENT IRON ORE STATISTICS! 


(Thousand metric tons and thousand dollars unless otherwise specified) 


United States, iron ore, usable, less than 5% manganese:” 


Production 
Shipments: 
Quantity 
Value 
Average value at mines 
Exports: 
Quantity 
Value 
Imports for consumption: 
Quantity 
Value 
Consumption, iron ore and agglomerates 
Stocks, December 31, at mines, plants and loading docks" 
Additional stocks, December 31: 
Crude ore at mines and plants' 
Unagglomerated concentrates for pelletizing plants 
World, production? 
"Estimated. 'Revised. 


2007 
52,500 


50,900 
3,040,000 
59.64 


9,310 
718,000 


9,400 
543,000 
54,700 
2,090 


749 
1,550 
2,040,000 


2008 
53,600 


53,600 
3,770,000 
70.43 


11,100 
1,240,000 


9,250 
918,000 
51,900 
4,070 


947 
1,320 
2,200,000 ' 


Data are rounded to no more than three significant digits; may not add to totals shown. 


Е Direct-shipping ore, concentrates, agglomerates, and byproduct ore. 


*Excludes byproduct ore. 


2009 
26,700 


27,600 
2,560,000 
92.76 


3,920 
356,000 


3,870 
376,000 
31,000 
5,060 


580 
896 
2,220,000 * 


"Crude ore stocks and unagglomerated concentrates for pelletizing plants removed. Marketable stocks only. 


"Gross weight. 
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2010 
49,900 


50,600 
5,000,000 
98.79 


9,950 
1,090,000 


6,420 
703,000 
42,300 
3,470 


734 
949 
2,590,000 


2011 
54,700 


55,600 
5,530,000 
99.45 


11,100 
1,330,000 


5,270 

841,000 
46,300 * 

3,260 


978 
1,120 
2,940,000 * 


TABLE 2 
EMPLOYMENT AT IRON ORE MINES AND BENEFICIATING PLANTS, QUANTITY AND TENOR OF ORE PRODUCED, AND AVERAGE 
OUTPUT PER WORKER HOUR IN THE UNITED STATES IN 2011, BY DISTRICT AND STATE! 


Production 
Iron contained Iron Average quantity per worker hour 
Average Crude ore Usable ore іп usable ore content (metric tons) 
Number numberof Worker hours (thousand (thousand (thousand natural Crude Usable Iron 
District and State of mines employees (thousands) metric tons) metric tons) metric tons) (percent) ore ore contained 
Lake Superior: 
Michigan? 2 1,470 3,450 39,600 12,400 7,550 60.7 11.49 3.61 2.19 
Minnesota 7 3,740 7,180 116,000 42,200 26,200 62.0 14.88 5.43 3.36 
Total or average 9 5,210 11,200 155,000 54,700 33,700 61.7 13.84 4.87 3.00 
Other States” 4 57 110 13 € 13 * 7* 540 0.12 * 02* — 006* 
Grand total or average 13 5,270 11,300 156,000 54,700 33,700 61.7 13.71 4.82 2.97 
“Estimated. 


'Data are rounded to no more than three significant digits, except “Average per worker hour, crude ore”; may not add to totals shown. 
“Does not include professional or clerical workers at mines, pelletizing plants, maintenance shops, or research lab workers. 
‘Includes California and South Dakota. 


TABLE 3 
USABLE IRON ORE PRODUCED IN THE UNITED STATES IN 2011, 
BY DISTRICT, STATE, AND TYPE OF PRODUCT? 


(Thousand metric tons) 


Other 
District and State Concentrates Sinter agglomerates” Total 
Michigan -- -- 12,400 12,400 
Minnesota 1,210 131 40,900 42,200 
Total 1,210 131 53,300 54,700 
Other States’ 13 * -- 5 13 


Grand total _____1220 _____131 53,30 54700 
“Estimated. -- Zero. 
'Rxcludes ore containing 5% or more manganese. 
?Data are rounded to no more than three significant digits; may not add to totals shown. 
Data may include pellet chips, screenings, and sinter. 
^Includes California and South Dakota. 


TABLE 4 
SHIPMENTS OF USABLE IRON ORE FROM MINES IN THE UNITED STATES IN 2011^* 


C————————————————————— РЕ TOU PER ыздын 
Average 


Gross weight of ore shipped iron 
(thousand metric tons) content, 
Other natural Value 
District and State Concentrates Sinter agglomerates Total (percent) (thousands) 

Lake Superior: 
Lake superior. —  —— 

Michigan = -- 13,200 13,200 60.7 W 

Minnesota 1,210 76 41,100 42,400 62.0 W 

Total reportable or average 1,210 76 54,300 55,600 61.7 iir 
8* - — 8 54.0 б 

Other States” 
Other States. 11 — 

Grand total or average 1,220 76 54,300 55,600 61.7 5 30,000 

“Total reportable or average.” -- Zero. 


‘Estimated. W Withheld to avoid disclosing company proprietary data; included in 
\includes byproduct ore. Excludes ore containing 5% or more manganese. 
2Data are rounded to no more than three significant digits; may not add to totals shown. 


3tncludes California and South Dakota. 
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State and mine 

California: 

Baxter Mine 

Dredge 21 

Silverlake Mine 
Michigan: 

Empire 

Tilden 
Minnesota: 

Hibbing Taconite 

Keewatin Taconite 

Mesabi Chief Plant 

Minntac 

Minorca 

Northshore 

United Taconite 
South Dakota, CF & I Pit 
Do., do. Ditto. 


County 
San Bemardino 
Yuba 


San Bernardino 


Marquette 
do. 


Saint Louis 
do. 


Lawrence 


TABLE 5 
IRON ORE-PRODUCING MINES IN THE UNITED STATES IN 2011 


Operator 


Hahm International Inc. 
Cal Sierra Development Inc. 
Hahm International Inc. 


Cliffs Natural Resources Inc. 
do. 


do. 
United States Steel Corp. 
Magnetation, Inc. 
United States Steel Corp. 
ArcelorMittal S.A. 
Cliffs Natural Resources Inc. 
do. 
Pete Lien & Sons Inc. 


TABLE 6 


Source of iron ore 


Quarried ore. 
Dredged sands. 
Quarried ore, 


Magnetite taconite ore. 
Hematite-magnetite taconite ore. 


Magnetite taconite ore. 
Do. 

Hematite tailings. 

Magnetite taconite ore. 


CONSUMPTION OF IRON ORE AT U.S. IRON 
AND STEEL PLANTS, BY TYPE OF PRODUCT! 


(Thousand metric tons) 
Type of product 2010 
Blast furnaces: 
Pellets 36,000 
Sinter 5,090 
Total 41,100 
Steelmaking furnaces: 
Direct-shipping ore 408 
Sinter 136 
Total 544 
Grand total 41,700 


2011 


39,300 
5,780 
45,100 


454 
159 
613 
45,700 


"Data are rounded to no more than three significant 
digits; may not add to totals shown. 


"Includes briquettes, nodules, and other. 


Source: American Iron and Steel Institute. 
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ТАВГЕ 7 
U.S. CONSUMPTION OF IRON ORE FOR 
DIRECT-REDUCED IRON AND NONSTEEL END USES! ? 


(Thousand metric tons) 


Direct-reduced 


iron for Nonsteel 
Year steelmaking” end uses‘ Total 
2010 -- 616 616 
2011 -- 605 * 605 * 
кулон EN qM NUT BENI ER REI зд RE REIR I =. 


*Estimated. — Zero. 


Data are rounded to no more than three significant digits; 
may not add to totals shown. 


"Includes agglomerates. Excludes ore containing 596 or more 
manganese. 


30.5. Geological Survey estimates based on production 
reports compiled by Midrex Corp. 


^An estimate, which includes iron ore consumed in production 
of cement and iron ore shipped for use in cattle feed, ferrites, 
heavy media, lead smeltering, manufacturing, paint, refractory 
and weighing materials. 


TABLE 8 
U.S. EXPORTS OF IRON ORE, BY COUNTRY OF DESTINATION"? 


(Thousand metric tons and thousand dollars) 


2010 2011 
Country Quantity Vale — Quantity Value 

Canada —— 8,110 896,000 7,050 915,000 
China . —— 725 51,800 3,190 271,000 
Наке — — —— 236 33,000 430 80,400 
Germany _____ 341 47,700 81 15,100 
Mexico — — 188 15,900 51 5.850 
Spain 156 21,800 187 35,000 
Other 95° 10,600 ' 66 4,300 
ol — . 9,950 1,090000 11,100 1,330,000 
"Revised. 330,000 


!Data are rounded to no more than thre 


2 е significant digits; may not add to totals shown. 
Includes agglomerates. 


Source: U.S. Census Bureau. 
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TABLE 9 
U.S. EXPORTS OF IRON ORE, BY TYPE OF PRODUCT"? 


соо р 
Unit Unit 

Quantity value” Quantity value? ^ 
(thousand Value (dollars per (thousand Value (dollars per . 
Type of product metric tons) (thousands) metric ton) metric tons) (thousands) metric ton) 
Concentrates 391 $30,200 77.20 627 $41,200 65.74 
Coarse ores 259 13,500 52.21 1,740 109,000 62.37 
Fine ores 78 9,990 128.09 208 15,500 74.60 
Pellets 9,220 1,040,000 112.61 8,470 1,160,000 137.07 
Briquettes 5 31 6.20 (5) 19 77.00 
Other agglomerates 1 82 82.00 1 87 87.00 
Roasted pyrites 1 104 104.00 3 233 77.67 
Тога] 9,950 1,090,000 109.70 11,100 1,330,000 120.05 


"Data are rounded to no more than three significant digits, except “Unit value”; may not add to totals shown. 
"Includes agglomerates. 

"Unit values shown are calculated from unrounded data. 

“Weighted average calculated from unrounded data by dividing total value by total tonnage. 

*Less than % unit. 


Source: U.S. Census Bureau. 


TABLE 10 
U.S. IMPORTS OF IRON ORE, BY COUNTRY AND TYPE OF PRODUCT"? 
2010 2011 
Unit Unit 
Quantity value” 4 Quantity value? $ 

Country and (thousand Value (dollars per (thousand Value (dollars per 

type of product metric tons) (thousands) metric ton) metric tons) (thousands) metric ton) 
Brazil 506 $65,400 129.28 562 $81,600 145.19 
Canada 4,490 471,000 105.04 3,910 617,000 157.88 
Chile 131 15,500 118.08 165 28,300 171.70 
Mexico 138 12,400 89.55 27 2,240 83.04 
Russia 606 69,900 115.35 (5) 3 43.00 
South Africa - -- -- 147 28,800 196.14 
Trinidad and Tobago 120 17,200 142.14 8 3,650 455.63 
Venezuela 251 28,600 113.98 279 49,300 176.80 
Other 177 ' 22,900 ' 131.46 ' 174 29,500 169.40 
Total 6,420 703,000 109.63 ' 5,270 841,000 159.50 

Type of product: 

Concentrates 652 78,600 120.50 796 124,000 156.13 
Coarse ores 36 4,160 115.61 42 8,660 206.26 
Fine ores 628 76,000 121.02 731 111,000 152.42 
Pellets 5,100 544,000 106.77 3,650 587,000 160.58 
Briquettes 4 178 44.50 12 3,960 329.83 
Other agglomerates -- -- -- 34 5,890 173.26 
Roasted pyrites _____1 _____4 4.0 4 263 — X— 6575 


"Revised. -- Zero. 
!Data are rounded to no more than three significant digits, except “Unit value"; may not add to totals shown. 


^Includes agglomerates. 
"Unit values shown are calculated from unrounded data. 
“Weighted average calculated from unrounded data by dividing total value by total tonnage. 


?Less than ^ unit. 


Source: U.S. Census Bureau. 
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TABLE 11 
U.S. IMPORTS OF IRON ORE IN 2011, ВУ COUNTRY AND ТУРЕ OF PRODUCT"? 


(Thousand metric tons) 


Briquettes 
Coarse Fine and other Roasted 
Country of origin Concentrates ores ores Pellets agglomerates pyrites Total 
Brazil 155 — 163 244 -- -- 562 
Canada 168 -- 302 3,410 -- – 3,880 
Chile 165 -- -- = - нЕ 165 
South Africa — -- 137 -- -- -- 137 
Venezuela 266 -- -- — -- — 266 
Other 41 42 130 -- 46 4 263 
Total 796 42 731 3,650 46 4 5,270 


—€—————— __- 42. 31 3600. 46 4 5,270 
Zero. 


"Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes agglomerates. 


Source: U.S. Census Bureau. 


TABLE 12 
AVERAGE UNIT VALUE FOR SELECTED IMPORTS OF IRON ORE IN 2011! 
a ss ^^ у, 


Average unit value” 
(dollars per metric ton, 


Type of product Country of origin gross weight) 
Concentrates Brazil 152.05 
Do. Canada 135.15 
Do. Chile 171.21 
Do. Venezuela 170.43 
Fine ores Brazil | 150.39 
Do. Canada 119.11 
Do. South Africa 198.08 
Ре Breil а 
Ро. 
Do Di Canada 162.27 


“Includes agglomerates. 
Weighted averages of individual customs values. 


Source: U.S. Census Bureau. 
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(Thousand metric tons and thousand dollars) 


TABLE 13 
U.S. IMPORTS OF IRON ORE, BY CUSTOMS DISTRICT"? 


LEEREN 
2010 


Customs district 
Baltimore, MD 
Buffalo, NY 
Chicago, IL 
Cleveland, OH 
Columbia-Snake, OR 
Detroit, MI 
El Paso, TX 
Houston-Galveston, TX 
Laredo, TX 
Los Angeles, CA 
Minneapolis, MN 
Mobile, AL 
New Orleans, LA 
New York, NY 
Norfolk, VA 
Ogdensburg, NY 
Philadelphia, PA 
Port Arthur, TX 
San Francisco, CA 
St. Albans, VT 
Tampa, FL 

Total 
-- Zero. 


1,980 $200,000 


569 74,700 
2,740 300,000 
21 3,370 
3) 11 
55 3,000 
76 10,500 
(3) 3 
179 24,500 
788 87,200 
(3) 4 

1 42 
169 

3 348 
(3) 13 


6,420 703,000 


2011 


Quantity Value Quantity Value 


1,710 $289,000 
(3) 2 
675 102,000 
2,110 332,000 


16 4,210 
18 972 
83 17,000 
1 43 
(3) 11 
13 4,510 
616 86,600 
(3) 23 
| 29 

1 237 
4 263 
5 268 

1 565 
15 3,190 


5,270 841,000 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes agglomerates. 
"Less than % unit. 


Source: U.S. Census Bureau. 


TABLE 14 


U.S. IMPORTS OF PELLETS, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


Country 


Russia 

Trinidad and Tobago 
Ukraine 

Venezuela 


2010 
Quantity Value 

76 $10,500 

4,090 426,000 
606 69,900 

120 17,200 

95 13,700 

107 7,020 


5,100 544,000 


2011 


Quantity Value 


244 $33,600 
3,410 553,000 


3,650 587,000 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 15 
IRON ORE: WORLD PELLETIZING CAPACITY, 


BY CONTINENT AND COUNTRY IN 2011! 


Rated capacity, 
gross weight 
(million metric tons) 
North America: 
Canada 245^ 
Mexico 15.0 * 
United States 57.4 
Total 99.9 
South America: 
Brazil 56.0 * 
Chile 5.3 
Peru 3.5 
Venezuela 11.8 € 
Total 76.6 
Europe and Central Eurasia: 
Kazakhstan 8.4° 
Netherlands 4.4° 
Russia 31.4 € 
Slovakia 0.4 
Sweden 26.0 ' 
Turkey 15° 
Ukraine 33.5 ° 
Total 105.6 ' 
Asia: 
Bahrain 11.0 
China 135.0 *" 
India 24.0 ' 
Iran 12.3 * 
Oman 9.0 
Japan I 3.0 * 
Total 194.3 ' 
Oceania, Australia 4,3“ 
Grand total 480.7 " 


-Grand Оаа прим а ee 
*Estimated. ‘Revised. 


‘Data may not add to totals shown because of independent rounding. 


Sources: International [гоп and Steel Institute; United Nations 
Commission on Trade and Development, Trust Fund on Iron 
Ore Information; U.S. Geological Survey. 
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IRON OXIDE PIGMENTS 
By Arnold O. Tanner 


Statistical assistant, and the world production table was prepared 


Domestic survey data were prepared by Hoa P. Phamdang, 
by Lisa D. Miller, international data coordinator. 


In 2011, natural iron oxide pigment (IOP) production in the 
United States increased slightly compared with that of 2010. · 
U.S. production data are withheld to avoid disclosing company 
proprietary data. Finished natural and synthetic IOPs sold by 
processors decreased to about 48,000 metric tons (t) valued at 
$73.9 million in 2011 from 54,700 t valued at $80.7 million in 
2010 (table 1). Exports of all grades of IOPs and hydroxides 
increased to 62,000 t valued at about $51.7 million in 2011 
compared with 53,400 t valued at $50.1 million in 2010 
(table 3), and significantly higher than from the 17,000 t valued 
at $34 million of 2009. Imports of natural and synthetic IOPs 
increased to 158,000 t valued at $188 million in 2011 compared 
with 151,000 t valued at $167 million in 2010 (tables 4, 5). 


Production 


Natural IOPs are probably the most important of the natural 
minerals suitable for use as pigments after milling because they 
are low cost, color stable, and nontoxic. They are derived from 
hematite, which is a red iron oxide mineral; limonite, a mineral 
that varies from yellow to brown, such as ochers, siennas, and 
umbers; and magnetite, a black iron oxide mineral. Synthetic 
IOPs are widely used as colorants and compete with natural 
IOPs in many color applications. They are manufactured using 
three methods: thermal decomposition of iron salts or iron 
compounds; precipitation of iron salts, usually accompanied by 
oxidation; and reduction of organic compounds by iron. Organic 
colorants are used for some colorant applications but several 
organic compounds fade over time from exposure to sunlight. 

U.S. production data for crude (natural) IOPs sold or used in 
2011 were developed from a U.S. Geological Survey (USGS) 
voluntary survey of three companies, of which two responded. 
These data collected through the USGS survey are withheld 
to avoid disclosing company proprietary data. With marginal 
increase in production in 2011, sales remained less than 
50,000 t. 

In a second voluntary USGS survey, production data for 
finished (natural and synthetic) IOPs received from six of eight 
known processing operations, represented about 9096 of the 
tonnage shown in table 1. Data for the nonrespondents were 
estimated based upon prior-year output levels and industry 
trends. Based upon this survey, sales of finished pigments were 
48,000 t in 2011, down from 54,700 t in 2010. Production data 
for finished IOPs are collected only from operations that process 
material, such as the crushing and grinding of natural IOPs, or 
that synthesize IOPs, not operations that simply blend, mix, 
repackage, and (or) resell IOP material. 

At least four U.S. companies, operating nine plants, produced 
regenerated iron oxide during steelmaking (table 2). Iron 
oxide is obtained during steelmaking when steel is treated 
with hydrochloric acid to remove surface oxides. Iron oxide 15 
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formed when the spent pickle liquor is treated to recycle the 
acid. Regenerated iron oxide data were not included in table 1 
because it must be processed before it is suitable for use in 
typical IOP applications. 

In 2011, Alabama Pigments Co. (APC) began the largest 
mining campaign in the company’s 17-year history on its 
80-hectare site in McCalla, AL. APC’s natural IOP production 
includes red IOPs (hematite), which was the company’s primary 
product, black IOPs (magnetite), and smaller quantities of 
yellow IOPs. APC mined, processed, blended, and distributed 
natural red IOPs, typically for use in brick, colored mortar, and 
tile. The company also manufactured synthetic IOPs (Alabama 
Pigments Co., 2011 a, b). 


Consumption 


End-use data for IOPs are not surveyed by the USGS or 
other organizations. Will (2008, p. 12) estimated that world 
consumption of natural IOPs and synthetic IOPs in 2006 was 
167,000 t and 1.13 million metric tons (Mt), respectively. About 
90% of natural IOPs was used in construction materials and 
coatings and nearly 75% of synthetic IOPs was used in the 
same. More recent data are unavailable, but the global economic 
downturn of 2008—09 likely resulted in decreased consumption 
of IOPs in those years as may be inferred by the decrease in 
reported world production of natural IOPs in 2009. In 201 l, 
global consumption of natural IOPs likely increased slightly as 
compared with that of the year before based on reported and 
estimated increases in world production. 

Construction materials included concrete products such 
as block, brick, or segmental retaining wall units; mortar; 
paving stones; precast products of various sizes or dimensions; 
ready-mixed concrete; and roofing tiles. IOPs are used almost 
exclusively to color decorative concrete. The tinted concrete is 
often stamped so that it resembles brick, slate, stone, and many 
more shapes and forms found in nature, including wood 
(Pinto, 2008, p. 4, 6). 

Sales of IOPs in these construction markets decreased 
because of the lingering negative effects from the sharp decline 
in domestic and foreign construction activity since 2008. In 
the United States, construction starts for new privately owned 
housing increased by about 494 to 609,000 units in 2011 from 
587,000 units in 2010, higher than the 554,000 units in 2009, 
but remaining significantly lower than the 906,000 units started 
in 2008. Completions of privately owned housing decreased 
by about 10% to 585,000 units in 201 1, down from 652,000 
units in 2010, 794,000 units in 2009, and 1.12 million units in 
2008 (U.S. Census Bureau, 2012b). The value of all (private 
and public) residential and commercial construction, both of 
which use tinted brick and concrete products, continued to trend 
downward, decreasing to $778 billion in 2011 from $805 billion 
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in 2010. Total construction spending peaked at $1.17 trillion in 
2006 (U.S. Census Bureau, 2012а). 

The second largest market for IOPs is as a tint in paints and 
coatings. The paint and coatings market experienced a decrease 
in estimated shipments in 2011 owing to decreased construction 
and manufacturing activity, partly offset by increased 
automobile production. Shipments of total paint and allied 
products (comprising architectural coatings, original equipment 
manufacture product coatings, special-purpose coatings, and 
miscellaneous allied paint products) were estimated at 4.26 
billion liters (1.13 billion gallons) in 2011, unchanged from 
that of 2010 (U.S. Census Bureau, 2011). Other end uses of 
IOPs included colorants for ceramics, glass, paper, plastics, 
rubber, and textiles; in foundry sands; industrial chemicals, such 
as catalysts; animal feed; cosmetics; ferrites; fertilizers; and 
magnetic ink and toner. 

A major end use for regenerator iron oxides was ferrite 
ceramic magnets. Two types of ferrites are used—hard, which 
retain magnetism permanently, and soft, which do not. Hard 
ferrites are used in flexible magnets, generators, loudspeakers, 
and motors. Uses of soft ferrites include computers, cores for 
radio frequency coils, microwave communication systems, 
microwave ferrites for telecommunications, and other industrial 
applications. 

Rockwood Holdings Inc. announced that its Color Pigments 
and Services Division would build a new synthetic ТОР 
production plant at its site in Augusta, GA. Rockwood planned 
to invest $115 million in the advanced technology facility, to be 
completed during the first half of 2013, which would be the first 
new IOP production plant built in the United States in nearly 35 
years, The company expected to close its existing plant in St. 
Louis, MO, and part of its Beltsville, MD, facility (Rockwood 


Holdings, Inc., 2011). 


Prices 


e annual average producer price index (PPI) for IOPs under 
ry Classification System code 325131–72 
S. Bureau of Labor Series ID WPU06220206) was 211.6 
in 2011 (1983=100) compared with 202.1 in 2010. The PPI 
ranged between 205.7 and 220.4 in 2011, the high being reached 
in September and the low in February. The PPI measured — 
the average change in the selling prices charged by domestic 
roducers of IOPs over time (U.S. Bureau of Labor Statistics, 
2012) Unit values for finished natural and synthetic IOP sold by 
domestic producers ranged from $0.33 to $3.73 per kilogram, 
i average unit value of $1.54 per kilogram. 
= aud Pigments announced global price increases that 
jen effective in mid-February, of up to 10% for selected 
d its full range of pigments including natural and 
ed Т Ps. Rockwood Pigments, which similarly increased 
synthetic 1o Ip following 2 years of stable pricing, cited — 
pen w material costs, energy prices, and transportation 
ns enm for the increases (Rockwood Pigments, NA, 
charge 


Inc., 201 ] ). 
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Foreign Trade 


In 2011, U.S. exports of IOPs rose. Exports of all grades 
combined increased with the largest increases being to Canada, 
Mexico, and Spain. Even with a marginal decrease in 2011 from 
that of 2010, exports to China continued to be 50% more than to 
any other single country (table 3). 

U.S. exports of pigment-grade IOPs and hydroxides decreased 
slightly to 8,650 t valued at $14.9 million in 2011; the average 
unit value decreased by about 4% compared with that of 2010. 
Mexico was the leading destination of pigment-grade IOPs, 
accounting for 4196 of U.S. exports, and China was second with 
27% (tables 1, 3). 

Exports of other grades of IOPs and hydroxides rose by 
nearly 2096 to 53,400 t valued at $36.7 million. Spain and 
Canada, in descending order, accounted for the largest increases 
in exports of other grades of IOPs. China, Canada, and Spain, 
in descending order, were the major destinations for export of 
other grades of IOPs and hydroxides, accounting for 43%, 24%, 
and 23% of the export tonnage, respectively (tables 1, 3). 

U.S. imports of all IOPs and hydroxides rose nearly 5% 
in 2011 from that of 2010 and were nearly 50% higher than 
that of 2009 (tables 1, 4). Imports of natural IOP grades 
decreased slightly. The leading source was Cyprus, with 60% 
of the tonnage, followed by France with nearly 13%. Imports 
of synthetic IOP grades increased by about 5%. The leading 
sources of synthetic ТОР imports were China with 50% of the 
tonnage; Germany, 26%; Canada, 8%; and Brazil, 7% (table 5). 


World Review 


Natural IOPs were produced in at least 16 countries in 2011 
(table 6). Several countries not listed in table 6, including | 
Azerbaijan, China, Honduras, Kazakhstan, Russia, and Ukraine, 
were thought to produce iron oxide pigments, but output, which 
may have been substantial, was not reported, and no basis was 
available for estimating output levels. | 

In the European Union, construction increased slightly in 
2011, following a slight decline in spending in the construction 
industries in 2010. Consumption of construction-focused 
pigments in 2011 was more than that of 2010 and 2009. 
Consumption of pigment minerals increased in emerging 
markets, such as Africa, Brazil, China, and India, but аге still 
smaller markets than Europe and the United States 
(Roberts, 2011). | 

In a study of the European coatings industry, Information 
Research Ltd. identified factors that continued to influence the 
market for pigments in the coatings industry. These included the 
elimination of heavy metals and heavy-metal salts as pigments 
and an increase in competitively priced high-performance 
pigments from the Far East. IOPs and other inorganic pigments, 
although losing some appeal owing to barium, cadmium, 
or chromium content, continued to be preferred where heat, 
light, and chemical resistance properties were required. 
Growth in most sectors of the paint pigments market was 
between 2% and 4%. Innovation in the pigment industry in 
Europe is being driven by increasingly restrictive legislation, 
changing formulation practices, and increased use in functional 
applications (Paint & Coatings Industry, 2010). 
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China.—China likely increased its IOP production beginning 
in about 2006, as partly evidenced by a steady and substantial 
decrease in IOP imports from the United States through 2009, 
han in spite of the country’s ongoing urbanization. A rising demand 
for IOPs in China mainly was driven by continued rising levels 
of construction activity and economic recovery from the global 
B recession. In 2010, China significantly increased IOP imports 
mist ftom the United States followed by a slight decrease in 2011, 
although these levels still were only about two-thirds those seen 
3 бот 2005—07 (U.S. International Trade Commission, undated) 
PE = (able 3). 

ш The Synergy Co. (parent company of Synergy Pigments 
Shanghai Ltd.) estimated that China annually supplies as much 

ni as 50% of world consumption of IOPs, influencing global 

үш prices. From the latter months of 2010 to May 2011, Synergy 

WE ^ estimated that the prices for IOPs in China and the rest of the 

M ^5 world rose by an average of about 1896. The causes for the 

ар volatile price movement, beyond that of raw material and labor 

fn’ ^^ costs, were that IOP supplies were not keeping up with demand, 


sl in particular for red IOPs; significant increases in domestic 

aly consumption caused by the surging Asian economy; and 

дй tightening Ministry of Environmental Protection controls greatly 
лі restricting new ог expanded IOP plant construction, again 


if ^^ especially for red IOP plants (Chen, 2011). 
igi India.—DCW Ltd., an Indian conglomerate with primary 
t business interests in chemicals, reported significant progress 
nd in the construction of its 32,000-metric-ton-per-year synthetic 
"Š ^^ iron oxide plant in Sahupuram, Tamilnadu. The plant will use 
DCW’s patented yellow IOP technology in conjunction with 
red IOP technology licensed from Rockwood Italia S.p.A.; 
commercial production for use in the coating and construction 
industry is expected to begin by the end of 2013 
(DCW Ltd., 2011). 
и Spain.—Promindsa sales were 15,500 1 of iron oxide in 

| each of 2010 and 2011; the company anticipated sales of about 
the same through 2013. Previous higher expectations were 
ji diminished by continued international monetary difficulties. 

| Promindsa’s Santa Rosa Mine, an underground mine outside 


in Zaragoza, accounted for about 8096 of the company's IOP 

i output and sales. Santa Rosa consists of a seam of hematite with 
| an average purity of 8596 to 90% iron (IIT) oxide at depths of 

| j up to 250 meters. Promindsa sold its Santa Rosa iron oxide as 


a red pigment for use in paints, roof tile, brick, and asphalt and 
recently entered new markets in glass and ceramics. Promindsa 
| also mined black (magnetite), brown (oolitic iron ore), and 

j yellow (goethite) IOPs in Spain (Fernando Prada, President, 

Г Promindsa SA, written commun., August 6, 2012). 


y Outlook 

у JOP production was estimated to have increased slightly 
worldwide in 2011 from that of 2010, based on continued 

| moderate growth in construction activity in Asia and the 


continued slow recovery in the United States and European 
economies. The global economic recession caused decreased 
| construction activity and lower demand for IOPs for coloring 
concrete and paint, the two major markets for IOPs. 
j Rockwood Holdings Inc. (parent company to Rockwood 
Pigments NA, Inc.) reported that a general slowdown in the 
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domestic construction market negatively affected construction 
sales in 2011, and thus, the demand for IOPs used in colored 
concrete products declined. European construction spending 
increased slightly in 2011 after holding steady in 2009-10. 
Construction in North America remained sluggish in 2011, 
after decreasing in 2010 from that in 2009. Rockwood expected 
an upward trend in IOP construction sales in 2012 across all 
regions based on projections of increases in construction that 
the company expected. Demand for coatings and specialties 
products also was expected to increase in 2012 (Rockwood 
Holdings, Inc., 2012, p. 54). 

The International Monetary Fund expected the global 
economy to increase about 3.5% in 2012 and 3.9% in 2013, with 
advanced economies continuing to increase more than emerging 
and developing economies (International Monetary Fund, 2012). 
Continued improvement in the global economy may result in 
increased activity in IOP markets in 2012-13, especially where 
the construction industry continues to recover. 
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TABLE 1 
SALIENT U.S. IRON OXIDE PIGMENTS STATISTICS! 


2007 

Crude pigments sold or used? 

Quantity metric tons W 

Value thousands W 
Finished pigments sold: 

Quantity metric tons 88,100 

Value thousands $122,000 
Exports: 

Quantity metric tons 5,410 

Value thousands $15,900 
Imports for consumption: 

Quantity metric tons 178,000 

Value thousands $154,000 


2008 2009 2010 2011 

W W W W 

W W W W 
83,300 50,800 54,700 48,000 
$116,000 $74,000 $80,700 $73,900 
4,740 5,640 8,750 8,650 
$12,100 $15,500 $15,700 $14,900 
155,000 106,000 151,000 158,000 
$164,000 — $127,000 — $167,000 — $188,000 


W Withheld to avoid disclosing company proprietary data. 
Гаја are rounded to no more than three significant digits. 


?Mined. 
3Natural (mined) and synthetic. 


*Pigment grade. 
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TABLE 2 
PRODUCERS OF IRON OXIDE PIGMENTS AND REGENERATED IRON OXIDES 


IN THE UNITED STATES IN 2011 
Producers Plant location 

Crude pigments: 

Alabama Pigments Co., LLC Green Pond, AL. 

Hoover Color Corp. Hiwassee, VA. 

New Riverside Ochre Co., Inc. Cartersville, GA. 
Finished pigments: 

Alabama Pigments Co., LLC Green Pond, AL. 

Dynamic Color Solutions, Inc. Milwaukee, WI. 

Hoover Color Corp. Hiwassee, VA. 

New Riverside Ochre Co., Inc. Cartersville, GA. 

Prince Minerals, Inc. Quincy, IL; and Bowmanstown, PA. 

Rockwood Pigments NA, Inc. Beltsville, MD; Cartersville, GA; King of Prussia, PA; 


Los Angeles, CA; and St. Louis, MO. 
Regenerator iron oxides: 


American Iron Oxide Со. Allenport, PA; Portage, IN; and Rockport, IN. 
ArcelorMittal Weirton Inc. Weirton, WV. 

Bailey-PVS Oxides, L.L.C. Decatur, AL; Fairfield, AL; and Delta, OH. 
International Steel Services, Inc. Burns Harbor, IN; and Warren, OH. 


'Division of International Steel Services, Inc. 


TABLE 3 
U.S. EXPORTS OF IRON OXIDES AND HYDROXIDES, BY COUNTRY’ 


Pigment grade Other grade 
2010 2011 2010 2011 
Quantity Value Quantity Value Quantity Value Quantity Value 

Country (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands)  (metrictons) (thousands) 
Australia 443 $1,220 74 $220 70 $74 82 $179 
Belgium 862 3,630 1,240 4,410 19 109 117 503 
Brazil 172 883 182 898 274 595 252 749 
Canada 61 114 39 69 9,390 15,400 12,600 13,900 
China 3,250 2,730 2,350 2,460 22,600 5,520 23,200 7,260 
Colombia 86 371 121 506 565 347 81 203 
Егапсе 44 144 31 118 35 572 115 654 
Germany 47 69 48 68 59 625 45 291 
Hong Kong 389 1,050 225 809 936 867 760 777 
India 71 277 86 341 19 76 27 109 
Israel 81 183 4 10 2 26 122 55 
Italy 43 165 9 59 783 613 102 100 
Japan 56 109 11 31 64 92 14 16 
Korea, Republic of -- -- 17 51 63 513 58 638 
Mexico 1,970 1,440 . 3,560 2,450 2,500 1,540 1,970 1,550 
Singapore 2 9 6 29 183 737 99 509 
Spain 65 143 45 106 5,540 1,270 12,200 3,060 
Taiwan 161 716 62 169 202 2,060 211 2,420 
Thailand 8 44 28 111 35 26 21 16 
United Kingdom 159 681 105 369 627 1,540 718 1,810 
Venezuela 4 34 113 254 3 14 176 353 
Other 776 ' 1,670 : 289 1,410 692 ' 1,820 ' 466 1,530 
Тога! 8,750 15,700 8,650 14,900 44,700 34,400 53,400 36,700 


"Revised. — Zero. 
"Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Burea; data adjusted by the U.S. Geological Survey. 
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ТАВГЕ 4 
U.S. IMPORTS FOR CONSUMPTION OF SELECTED IRON OXIDE AND HYDROXIDE PIGMENTS, BY ТҮРЕ! 


2010 2011 
Quantity Value” Quantity Value? Principal sources, 2011 
Type (metric tons) (thousands) (metric tons) (thousands) (metric tons) 
Natural: 
Earth colors? 2,330 $1,160 2,280 $1,190 Cyprus, 1,980; Italy, 203; Spain, 94. 
Micaceous 1,030 1,230 1,020 1,130 France, 413; Germany, 259; Spain, 174; Austria, 117. 
Total 3,360 2,390 3,310 2,310 
Synthetic: 
Black 34,200 38,900 44,200 47,500 Germany, 14,300; Canada, 11,900; China, 10,800. 
Red 62,900 63,500 58,600 69,900 China, 39,100; Germany, 16,100. 
Yellow 49,100 58,700 49,800 64,800 China, 26,900; Brazil, 10,700; Germany, 9,250. 
Other“. 1,520 3,130 1,810 3,320 China, 1,110; Brazil, 262; Italy, 134. 
Total 148,000 164,000 154,000 186,000 
Grand total 151,000 167,000 158,000 188,000 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
Customs value. 


*Includes those earth colors not elsewhere specified or included. 
‘Includes synthetic brown oxides, transparent oxides, and magnetic and precursor oxides. 


Source: U.S. Census Bureau. 


TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF IRON OXIDE AND IRON HYDROXIDE PIGMENTS, BY COUNTRY! 
[a UI шынты ЫЫ Ыы НЫЛ aan" eae 
—— — 900 | A 20 2010 2011 
Quantity Value? Quantity Value? Quantity Value? Quantity Value? 
. Country _(metrictons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
Austria 137 $197 117 $217 6 $61 13 $33 
Belgium -- -- -- -- 14 85 10 22 
Brazil -- -- -- -- 10,100 11,900 11,000 14,700 
Сапада (3) 9 -- 7,830 3,560 12,600 3,730 
China 158 166 39 25 78,300 73,800 77,800 
Colombia РА -- -- Е 2,020 2,460 1,750 2,70 
Cyprus 2,180 1,030 1,980 935 Е е к - 
ЈЕ 414 326 417 379 166 998 190 1,100 
France 208 268 259 324 37,300 44,300 39,700 48,900 
Germany — 35 163 203 113 6,420 12,200 6,250 12,300 
ву — l 11 1 58 3,620 12,700 3,500 13,300 
Japan _ 219 164 268 236 308 193 274 190 
Эрат — -- -~ -- 285 47 285 44 


Sweden ____ 5 53 19 24 1,400 1,900 
Ошег ЕЕ 3310 2.310 148,000 164,000 154,000 186,000 


1,040 


1,130 


DIE e 3,360 2,390 186,099. 


-- Zero. igi 
'oni . add to totals shown. 
1 аа are rounded to no more than three significant digits; may not 


2customs value. 
JLess than У unit. 


Source: U.S. Census Bureau. 
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TABLE 6 
NATURAL IRON OXIDE PIGMENTS: ESTIMATED WORLD PRODUCTION, ВУ COUNTRY"? 


(Metric tons) 

Coun 2007 2008 2009 2010 2011 
Austria 3,510 54 3,420 "4 2,840 "5 3,420 "4 3,400 
Brazil 2,000 2,000 2,000 2,000 2,000 
Cyprus, umber 12,000 12,000 12,000 12,000 12,000 
France 2,800 2,800 2,800 2,800 2,800 
Germany” $ 240,310“ 251,412 209,172 233,9094 220,000 
India, ocher 375,000 380,000 385,000 390,000 395,000 
Iran 2,600 2,600 2,600 2,600 2,600 
Italy 500 500 500 500 500 
Lithuania 4 4 4 4 4 
Pakistan, ocher 6,000 6,000 6,200 6,000 6,100 
Paraguay, ocher 250 250 250 250 250 
South Africa 232 * 39 4 183 4 244 25 
Spain, ocher 140,000 140,000 140,000 140,000 140,000 
Turkey’ 260,000 220,000 100,000 100,000 100,000 

United Kingdom, iron oxides 
and hydroxides? 8,000 8,000 8,000 8,000 8,000 
United States W W W W W 


‘Revised. W Withheld to avoid disclosing company proprietary data. 

"Estimated data are rounded to no more than three significant digits. 

"Table includes data available through Арг! 3, 2012. 

*In addition to the countries listed, a number of others produce iron oxide pigments, but output is not 
reported and no basis is available for formulating estimates of output levels. Such countries include 
Azerbaijan, China, Honduras, Kazakhstan, Russia, and Ukraine. Unreported output is probably substantial. 
“Reported figure. 

? Accurate information concerning exactly how much of this production translates into iron oxide pigments 
is not available. 

*Production includes natural and synthetic iron oxide pigments. 

"Production includes micaceous iron oxide pigment and earth paints. 


*Includes iron oxide pigments. 
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KYANITE AND RELATED MINERALS 


By Arnold O. Tanner 


Domestic survey data and tables were prepared by Elsie D. Isaac, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


The United States continued to be the world’s leading 
producer of kyanite and mullite (calcined kyanite), with an 
estimated production of 98,000 metric tons (t) in 2011 
(tables 1, 6). Domestic production of synthetic mullite was 
estimated to be 40,000 t. Andalusite was mined and marketed as 
part of a mineral mixture at one U.S. operation, but data were 
withheld to avoid disclosing company proprietary data. No U.S. 
production of sillimanite was reported. Refractory products 
continued to be the dominant end use for kyanite and related 
materials. Of the refractory usage, an estimated 60% to 65% was 
used in ironmaking and steelmaking and the remainder in the 
manufacture of chemicals, glass, nonferrous metals, and other 
materials. World production of kyanite and related materials was 
estimated to be a minimum of 434,000 t (tables 1, 6). 

This report includes information on andalusite, kyanite, and 
sillimanite (all of which have the formula ALSiO,), and mullite 
and synthetic mullite (3ALO,*2SiO,). Andalusite, kyanite, and 
sillimanite are the primary minerals of what is referred to as the 
kyanite group, especially in the United States where kyanite is 
prevalent, but are also known collectively (including natural 
mullite) as the sillimanite minerals. Mullite, typically the most 
desired of these minerals because of its superior refractory 
(heat resistant) properties and high strength, is rarely found in 
nature in quantities that are economical to develop. Mullite can 
be made by calcining kyanite at a high temperature of or above 
1,450 °C, and synthetic mullite typically refers to mullite made 
by calcining certain mixtures of alumina- and silica-containing 
minerals and materials, including bauxite and kaolin, at 
similarly high temperatures. 


Production 


In 2011, an estimated 98,000 t of kyanite was produced in 
the United States, a 5.4% increase compared with the reported 
production of 93,000 t in 2010 (Lassetter, 2011, 2012) 

(tables 1, 6). The estimated value of kyanite produced in the 
United States in 2011 was slightly more than $29 million, up 
from $28 million in 2010 (table 1). This was based upon an 
estimated average unit value for raw and worked kyanite that 
remained at about the $300-per-metric-ton level of 2009-10. 

Kyanite Mining Corp. (KMC) has mined the kyanite deposits 
in central Virginia since 1945 and was the sole U.S. producer 
of kyanite and kyanite-derived mullite. KMC operated two 
open pit mines, the East Ridge Mine and the Willis Mountain 
Mine, in Buckingham County and beneficiated the ore into a 
marketable kyanite concentrate. The company also had two 
kilns at its Dillwyn, VA, facility, the Gieseke Plant, at which 
typically an estimated 30% to 35% of the kyanite is converted 
by calcination into mullite. Actual U.S. production data reported 
to the U.S. Geological Survey (USGS) were withheld to avoid 
disclosing company proprietary data. KMC produced a 
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92% to 96% kyanite concentrate containing between 55% and 
60% alumina (ALO,). KMC’s mullite product contained about 
80% mullite and was produced by calcining kyanite. KMC 
estimated that reserves at its two Virginia mines would last for 
50 to 75 years. If operated on a 24-hour basis, KMC’s annual 
integrated mining and processing capacity was more than 
135,000 t of commercial-grade kyanite concentrate, a portion 
of which would be calcined to more than 45,000 t of mullite 
(Kyanite Mining Corp., 2006). 

C-E Minerals (part of Imerys SA Group) produced various 
synthetic mullite products from calcined bauxitic kaolin 
near Americus, GA, including products that contained 65%, 
77%, and 87% mullite (C-E Minerals, 2012). Based on 
nongovernment estimates from previous years, U.S. production 
of synthetic mullite in 2011 was about 40,000 t at an estimated 
value of about $12 million (table 1). 

Piedmont Minerals Co., Inc. (Hillsborough, NC) mined a 
deposit of andalusite combined with pyrophyllite and sericite. 
The company sold products containing blends of the three 
minerals to producers of ceramics and refractories. 


Consumption 


Kyanite increases in volume, depending upon particle size, 
typically by 3% for very fine particles (325 mesh) to as much 
as 25% for coarser particle fractions (35 mesh) when calcined 
to mullite but can be used as a raw concentrate in a refractory 
mixture to offset the shrinkage on firing of other components, 
especially clays. Andalusite expands irreversibly by about 
4% to 6% when calcined and can be used directly in refractories 
in its raw state (Lassetter, 2011). In other refractory applications, 
kyanite concentrate is calcined to mullite and added to refractory 
mixes if the volume increase of kyanite is not required. Mullite 
is resistant to abrasion and penetration of deleterious dusts, 
gases, and slags and has beneficial creep resistance, which limits 
physical deformation under load at high temperatures 
(Roskill Information Services Ltd., 1990, p. 56, 63). 

Examples of refractories that contain andalusite, kyanite, 
or mullite include insulating brick, firebrick, kiln furniture, 
refractory shapes, and monolithic refractories (made of a 
single piece or as a continuous structure) including castables 
(refractory concrete), gunning mixes, mortars, plastics, and 
ramming mixes. Monolithic refractories are supplied in unfired 
and unshaped form, in contrast to prefired and preshaped brick 
products, and may be gunned, hand packed, molded, poured, 
pumped, rammed, or vibrated into place (Moore, 2004). 

Iron and steel production continued to be the leading user of 
refractories. World and U.S. crude steel output increased by about 
6% and 7%, respectively, in 2011 from that of 2010, following 
increases of about 17% and 38%, respectively, in 2010 from that 
of 2009. The leading steel-producing countries and their shares 
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of 2011 world steel output of nearly 1.5 billion metric tons were 
China, 45.9%; Japan, 7.2%; the United States, 5.8%; India, 
4.8%; Russia, 4.6%; the Republic of Korea, 4.6%; and Germany, 
3%. These countries, accounting for nearly 83.0% of world 
production, produced 1.13 billion metric tons of crude steel in 
2011, a 6% increase from that of 2010 (World Steel Association, 
2011а, b; 2012). Other prominent refractories users were the 
nonferrous metal and glass industries. 

Other end uses of kyanite and related materials included 
abrasive products such as grinding and cutting wheels and 
brake shoes and pads; ceramic products such as electrical 
insulating porcelains, sanitaryware, and whiteware; foundry 
products and precision casting molds; and other products. KMC 
offered a dimension stone product containing kyanite for use in 
countertops and tiles (Kyanite Mining Corp, 2006). 


Foreign Trade 


An estimated 4596 of U.S. kyanite and mullite output was 
exported in 2011. Exports of kyanite to more than 30 countries 
increased slightly to a total of 38,100 t valued at $11.6 million 
(table 3). Exports of mullite (calcined or synthetic, unspecified) 
to 30 countries decreased by 6% to 21,200t valued at 
$7.1 million (table 4). Germany, Belgium, Japan, China, and 
Netherlands, combined, received 54% of kyanite exports, and 
more than 80% of the mullite exports went to Canada, Mexico, 
and the United Kingdom, in descending order of quantity 
(tables 1, 3, and 4). 

U.S. imports of andalusite, kyanite, and sillimanite more than 
doubled to 5,390 t valued at $2.23 million in 2011 from | 
2,180 t valued at $93 8,000 in 2010. Virtually all of this material 
was thought to be andalusite. Of the imported materials in 2011, 
80% was from South Africa, 13% from France, and 6% from 
Peru (tables 1, 5). Imports of mullite increased by more than 
75% to 7,340 t valued at nearly $7.2 million. No USS. imports of 
kyanite or sillimanite were reported in 2011. 


World Review 


‘ca continued to be the leading producing country 
Е with an estimated 240,000 t produced in 201 1. 
France produced an estimated 65,000 t of andalusite. India, 
the leading producer of sillimanite, produced an OP у 
17,000 t of sillimanite and 7,800 t of kyanite in 2011 (tab е 7 
Countries thought to be producers of synthetic mullite [sintere 
mullite and (or) fused mullite] included Brazil, China, Germany, 
Hungary, and Japan (Taylor, 2005). — : == 

In addition to the steady resurgence In the world’s ste 
industry, а steady decline of readily available, inexpensive 
чин bauxite from China continued, serving to increase the 
da r alternate raw refractory materials such as andalusite. 
si in andalusite producers in China, Peru, and South Africa 
Ы us d their operations, and in Spain, development of a new 
m i mine began (Feytis, 2011a). A refractory bauxite 
andame (ин developed in Russia, which was expected to 
es Men n in 2012, could create new competition for the 
iu: gin E uns (Watts and others, 2011). | 
porum Although China was thought to produce andalusite, 
unite, and sillimanite, detailed production data have been 

anite, 
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unavailable since 2003 (O’Driscoll, 2010b). Imerys Yilong 
Andalusite Mineral Co. reported increased production capacity 
at its facilities to 40,000 t/yr, up from 15,000 t/yr in September 
2010 (Feytis, 2011a). 

Peru.—In northern Peru, Andalucita S.A. (a subsidiary 
of Refractarios Peruanos S.A.) continued development and 
production from its andalusite resources within unconsolidated 
sand and gravels of the Tablazo Mancora flood plain and 
evaluation of other unproven mineral resources in northwestem 
Peru. Andalucita reached full production capacity of 30,000 tyr 
in 2009, its first year of production, but by mid-2011, decreased 
production to a rate of 15,000 t/yr with revised plans to increase 
capacity to 50,000 t/yr by mid-2012. With world demand for 
top quality andalusite rising, Andalucita increased marketing 
activities to demonstrate the quality and advantages of Paita 
andalusite. The primary andalusite grade containing 59% ALO, 
and a maximum of 0.8% Fe,O, was produced for refractory 
consumers, mainly in Asia, Europe, and North America. Imerys 
S.A. owned nearly 50% of the same andalusite deposit but had 
not yet put it into production (O’Driscoll, 2010a; Feytis, 201 1a). 

South Africa.—Andalusite Resources (Pty.) Ltd. mined 
andalusite near capacity at its Maroeloesfontein Mine in 
Thabazimbi, Limpopo Province, about 220 kilometers (km) 
northwest of Johannesburg. In early 2011, the company reduced 
impurities in its final product and increased production by 40% 
to 70,000 t/yr from 50,000 t/yr. Andalusite Resources revised 
expected mine life to 60 years at 70,000 t/yr, and anticipated a 
rise to 80 years following the conversion of its exploration license 
to a mining right for its additional reserves. Depending upon 
market growth, the mine could expand to 80,000 to 100,000 tyr 
by yearend 2012. The company’s main markets were in China, 
Europe, India, and South Africa (O’Driscoll, 2010b; Feytis, 

201 1a). 

Damrec SA (a subsidiary of Imerys, Paris, France) produced 
more than 70% of the andalusite in South Africa and planned 
to increase output nearly 30% within 3 years. Rhino Minerals 
(Pty.) Ltd. operated three of Damrec’s four South African mines. 
Rhino obtained approval from the Government of South Айтса 
to begin work on its Segorong andalusite project. Samrec (Pty.) 
Ltd. operated the fourth mine in the Mpumalanga region, Dear 
Lydenburgh (Feytis, 201 1a). | 

Spain.—Picobello Andalucita SL, hampered in the past 
several years by the slow permitting process and lack of | 
funding, made progress on both areas in 2011 and expecte 
its Picobello andalusite deposit, 15 km from EI Ferrol port 
northwest of Galacia, to begin production in mid-2012. The 
expected plant and mine life was 15 years, extracting ore | 
to а depth of 20 to 40 meters (m) at a rate of 65,000 He 0 
which 50,000t/yr would be refractory grade and 15,000 уг 


with Chinese companies interested іп р 
investment (Feytis, 201 1a). 


Outlook 


ket’s 
U.S. apparent consumption of steel, the ок у 5% 
leading industry customer, was projected to gun yet 
in 2012 after an 11.5% rise in 2011, showing 2597 > 
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ongoing recovery in the U.S. economy. Because of efforts by the 
Chinese Government to moderate growth, especially in its real 
estate sector, growth in China’s steel consumption was expected 
to slow to 7.5% in 2011 after an 8.5% rise in 2010 and was 
projected to slow to about 6% in 2012. India’s steel consumption 
was expected to increase by 8% in 2012, a significant increase 
from 4.3% growth in 2011. World steel consumption growth, at 
6.5% in 2011, was forecast to increase by 5.5% in 2012 

(World Steel Association, 2011b). 

Natural raw materials, such as andalusite and kyanite, which 
have continued to be important in refractory manufacturing, 
have become increasingly sought after as alternative materials 
to bauxite in certain refractory applications. The availability 
of refractory bauxite for export from China has declined in 
recent years because of a depletion of higher-grade deposits in 
the country; the Government of China placed restrictions on 
exports of bauxite owing to increasing domestic raw material 
use, substantial price increases for bauxite driven by the same 
domestic demand, and closures at several of China’s bauxite 
mining and processing locations as a result of environmental 
and safety controls (Feytis, 201 1b). Subsequently, the 
dependence upon Chinese bauxite developed during the past 
two decades may lessen for many countries depending upon the 
ability of refractories producers to use or substitute andalusite, 
kyanite, and similar raw materials in refractory applications; the 
quantities of andalusite and similar materials produced at new 
and expanded mines at affordable prices; and the quantities of 
affordable refractory bauxite available for export from a new 
mine in Russia. This alternate source of bauxite, while lessening 
dependence upon China, may be another source of competition 
for andalusite and kyanite in some applications, such as steel 
and industrial boilers. 

With other refractory materials available as substitutes 
for bauxite in various applications, andalusite, sillimanite, 
and synthetic mullite often have better thermo-mechanical 
properties than many others, although they contain slightly less 
alumina than bauxite. When compared with hi gher alumina raw 
materials, andalusite is expected to be an increasingly attractive 
alternative because it requires firing at a lower temperature than 
most other alternative materials when used in producing a dense 
and shrinkage resistant refractory aggregate, reducing energy 
consumption and greenhouse gas emissions (Feytis, 2011b, 

p. 50-51). Available andalusite supplies are expected to increase 
owing to mine expansions or new mines in France, Peru, South 
Africa, and Spain. For durable refractories, technological 
advances are likely to include increased use of synthetic mullite 
(Feytis, 201 1a). 

According to the Freedonia Group, the Asia Pacific region 
is the largest market for refractories, and China will remain 
the leading national market comprising the majority of global 
demand. Above-average growth is expected to take place 
in India, For the next several years, significant increases in 
refractory demand are likely to take place in Eastern Europe, 

North America, and Western Europe, with Eastern Europe 
having the highest growth of these regions. North America may 
have solid growth, resulting from recovery in manufacturing 
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and steel producing, but in the longer term, North American 
growth is expected to lag from the global average, as a result 
of a shift in steel production to developing countries. F inding 
and procuring a consistent supply of refractory raw materials, 
especially at affordable prices, is likely to remain difficult 

for refractory producers, particularly those in Europe and the 
Western Hemisphere (Deneen, 2011). 
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ТАВГЕ 1 
SALIENT U.S. KYANITE AND RELATED MINERALS STATISTICS! 


m ———— дан а ИВ ee 
= 2007 2008 2009 2010 2011 


roduction 
Kyanite: 
Quantity metric tons 118,000? 97,2003 71,0004 93,000? 98.000 “° 
Value thousands $30,000 — $26,000 $21,000 $28,000 $29,000 ° 
Synthetic mullite:® 
Quantity metric tons 40,000 40,000 40,000 40,000 40,000 
Value thousands $10,000 $10,000 $10,000 $12,000 $12,000 
Exports:’ 
Quantity metric tons 35,700 36,100 25,800 37,900 38,100 
Value? thousands $8,650 — $10,400 $7,510 $11,300 $11,600 _ 
Imports for consumption:" ? 
Quantity metric tons 1,760 5,580 4,880 2,180 5,390 
Value? thousands $646 $1,930 $2,060 $938 $2,230 


Se ep a re 048000. Иа. А. 
Consumption, apparent!" metric tons 124,000 107,000 90,100 97,200 102,000 * 
World, production” L do. 475,000 408,000 331,000 389,000 434,000 


*Estimate. do. Ditto. 

!Data are rounded to no more than three significant digits. 

?Source: Lassetter, W.L., Jr., 2008, Kyanite, andalusite, sillimanite and mullite: Mining Engineering, v. 60, no. 6 
June, p. 44-45. 

Source: Lassetter, W.L., Jr., 2009, Sillimanite minerals: Mining Engineering, v. 61, по. 6, June, p. 68-69. 

^Source: Lassetter, W.L., Jr., 2010, Sillimanite minerals: Mining Engineering, v. 62, no. 6, June, p. 74—76. 

*Source: Lassetter, W.L., Jr., 2011, Sillimanite minerals: Mining Engineering, v. 63, no. 6, June, p. 96-98. 

$Source: Lassetter, W.L., Jr., 2012, Sillimanite minerals: Mining Engineering, v. 64, no. 6, June, р. 88-90. 

"Source: U.S. Census Bureau data for kyanite concentrate using the Harmonized Tariff Schedule of the United States 
code 2508.50.0000. 

SFree alongside ship (f.a.s.) value. 

*Customs value. 

"Includes kyanite and synthetic mullite productiont+imports—exports. 

Ија addition to the countries in table 6, a number of other countries produce kyanite and related materials, but output 
is not reported quantitatively, so these total world output levels are a minimum. 


TABLE 2 
PRICES OF KYANITE AND RELATED MINERALS IN 2011 


(Dollars per metric ton) 


DECRE К HT PERENNE TE A OP EET RT ов SUI RP HE RM ааа а И ае z 

Andalusite, South Africa, 57% to 58% alumina, 2,000-metric-ton bulk lots 4 
Andalusite, free on board, South Africa, $5% to 59% alumina, 2,000-metric-ton bulk lots, European port = — 35 
Kyanite, United States, ex-works, raw, 54% to 60% alumina ДЕ 


Kyanite United States, ex-works, calcined (mullite), 54% to 60% alumina, 22-ton lots 


Source: Industrial Minerals, December 2011, р. 61-62. 
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ТАВТЕ 3 
U.S. EXPORTS OF KYANITE, BY COUNTRY"? 


2010 


hee et el је Ics 
2011 


Country 

Australia 
Belgium 
Canada 
China 
Egypt 
Germany 
India 
Italy 
Japan 
Korea, Republic of 
Malaysia 
Mexico 
Netherlands 
Sweden 
Taiwan 
Turkey 
United Kingdom 
Other 

Total 


' Harmonized Tariff Schedule of the Unted States code 2508.50.0000. 
Data are rounded to no more than three significant digits; may not add to totals shown. 


Free alongside ship (f.a.s.) value. 


Source: U.S. Census Bureau. 


TABLE 4 
U.S. EXPORTS OF MULLITE, BY COUNTRY"? 


2010 
Quantity Value? 
Country (metric tons) ^ (thousands) 
Belgium 2,210 $1,140 
Brazil 31 18 
Canada 13,100 3,320 
China 71 34 
Germany 200 123 
Hungary -- -- 
Italy -- -- 
Kazakhstan 366 401 
Mexico 2,400 1,090 
Netherlands 105 32 
United Kingdom 4,060 2,030 
Other 64 21 
Total 22,600 8,210 
— Zero. 


2011 

Quantity Value? 
(metric tons) (thousands) 
633 $292 
200 82 
12,900 3,520 
1,200 332 
975 474 
132 55 
325 131 
2,870 1,300 
153 58 
1,500 733 
267 107 
21,200 7,080 


 Harmonized Tariff Schedule of the United States code 2508.60.0000. 
?Data are rounded to no more than three significant digits; may not add to totals shown. 


*Free alongside ship (f.a.s.) value. 


Source: U.S. Census Bureau. 
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Quantity Value? Quantity Value? 
(metric tons) (thousands) (metric tons) (thousands) 
731 $215 124 $204 
3,710 1,090 4,450 1,340 
2,400 742 2,580 842 
3,780 1,050 3,400 884 
726 161 340 80 
4,310 1,500 5,640 1,670 
609 186 282 81 
2,250 582 2,130 585 
4,300 1,440 3,850 1,360 
2,790 697 2,710 765 
262 60 648 158 
930 261 518 173 
3,890 1,160 3230 950 
1,210 316 1,120 303 
198 50 707 186 
526 123 547 127 
2,230 729 1,850 649 
3,100 901 3,970 1,230 
37,900 11,300 38,100 11,600 


m 
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TABLE 5 
U.S. IMPORTS FOR CONSUMPTION OF ANDALUSITE, 


KYANITE, AND SILLIMANITE" ^? 


2010 2011 
Quantity Value‘ Quantity Value* 

Country (metric tons) (thousands) (metric tons) (thousands) 

France Pe 228 $174 703 $360 
Peru apes 412 138 342 130 
South Africa 1,500 598 4,320 1,740 
Other 37 28 20 7 
Total 2,180 938 5,390 2,230 


'Most material is thought to be andalusite. 
?Harmonized Tariff Schedule of the United States code 2508.50.0000. 
ЗРав are rounded to no more than three significant digits; may not add to totals shown. 


‘Customs value. 


Source: U.S. Census Bureau. 


KYANITE AND RELATED MINERALS: ESTIMATED WORLD PRODUCTION, BY COUNTRY 


TABLE 6 


(Metric tons) 


1,2 


Country and commodi 2007 2008 2009 2010 2011 
Australia: 
Kyanite 1,000 1,000 1,000 1,000 1,000 
EC oo ан 
Sillimanite* 300 300 300 300 300 
Total 1,300 1,300 1,300 1,300 1,300 
Brazil, kyanite, marketable 600 600 600 600 600 
China, unspecified 3,500 4,000 4,000 4,000 4,000 
France, andalusite 65,000 65,000 65,000 65,000 65,000 
E aeui ар масиви ом sehe FEE LE ee ль ЖЕ i o DRIN i E aa 
India: 
Kyanite 7,300 7,500 7,700 7,800 7,800 
Sillimanite 15,200 16,000 16,500 16,800 17,000 
Total 22,500 23,500 24,200 24,600 24,800 
i i 3 ә n5 0" 240,000 
South Africa, апда зе 264,645 216,667 165,217 i 200,00 4 а 
United States куапне“ ^ 118,000 " 97,200 * 71,000 03:00077. 95009 
Grand vos 475,000 408,000 331,000 389,000 434,000 — 
"Revised. 


!U.S. and estimated data are rounded to no more than three significant digits. 
?Table includes data available through April 29, 2012. | "S 
?In addition to the countries listed, a number of other nations produce kyanite and related materials, but output is not reported quantitively. 


is is available for estimation of output levels, consequently, grand total output levels are at a minimum. 


jable bas 
and no reliable s 4094 to 48% АЂО is produced. 


411 addition, about 7,000 metric tons of sillimanite clay (also called kaolinized sillimanite) that contain 
‘Reported figure. 


excludes synthetic mullite. | 
"Source: Lassetter, W.L., Jr., 2008, Kyanite, andalusite, sillimanite and mul 


8<оигсе: Lassetter, W.L., Jr., 2009, Sillimanite minerals: Mining Engineering, v. 61, no. 6, June, р. 68—69. 
соигсе: Lassetter, W.L., Jr., 2010, Sillimanite minerals: Mining Engineering, v. 62, no. 6, June, p. 74—76. 
10 оџгсе: Lassetter, W.L., Jr., 2011, Sillimanite minerals: Mining Engineering, v. 63, no. 6, June, p. 96-98. 
1$ оџгсе: Lassetter, W.L., Jr., 2012, Sillimanite minerals: Mining Engineering, у. 64, no. 6, June, р. 88—90. 


lite: Mining Engineering, v. 60, no. 6, June, p. 44-45. 
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LEAD 


By David E. Guberman 


Domestic survey data and tables were prepared by Elsie D. Isaac, statistical assistant, and the world production tables were 


prepared by Glenn J. Wallace, international data coordinator. 


In 2011, domestic lead mine production of recoverable lead 
was 334,000 metric tons (t), a 6% decrease compared with that 
of 2010. Alaska and Missouri were the dominant producing 
States with significantly more than one-half of total domestic 
mine production. 

Lead was produced at 9 U.S. mines that employed about 
1,500 people. The value of domestic mine production (based on 
the North American Producer Price) was about $895 million, 

a 5% increase from the value of domestic mine production in 
2010, despite a decline in production owing to an increase in the 
average price of lead in 2011. Primary lead metal was produced 
at a smelter-refinery in Missouri. 

Secondary lead, derived principally from scrapped lead-acid 
batteries, accounted for 91% of refined lead production in 
the United States in 2011. Nearly all the secondary lead was 
produced by 7 companies operating 14 smelters. Domestic 
secondary lead production declined slightly from that of 2010. 

Lead was consumed in about 76 U.S. plants to manufacture 
such products as ammunition; building-construction materials; 
covering for power and communication cable; lead oxides in 
ceramics, chemicals, glass, and pigments; lead sheet; solders for 
construction, electrical-electronic components and accessories, 
metal containers, and motor vehicles; and storage batteries. 

World mine production of lead increased by 13%, to 4.70 
million metric tons (Mt) from 4.15 Mt in 2010. The United 
States accounted for about 7% of global lead mine production 
compared with 9% in 2010 and was ranked third in the world. 
China and Australia were the two leading world lead producers 
in 2011 accounting for 50% and 13%, respectively, of global 
lead mine production. China’s share of global lead mine 
production has increased substantially during the last several 
years. World production of refined lead (primary and secondary) 
increased by 6%, to 10.2 Mt in 2011 from 9.61 Mt in 2010. 

The United States was the second leading producer of refined 
lead in the world and accounted for 12% of global refined lead 
production. China produced about 46% of global refined lead 
production and was the leading producer of refined lead in 2011. 

According to the International Lead and Zinc Study Group 
(ILZSG), global consumption of refined lead increased by 
7% to 10.49 Mt in 2011 from 9.85 Mt in 2010. The leading 
refined-lead-consuming countries in 2011 were China, 44%; the 
United States, 15%; and Germany, India, and the Republic of 
Korea, 4% each. ILZSG data indicated that global refined lead 
production exceeded consumption by about 153,000 t in 2011 
compared with 8,000 t in 2010 (International Lead and Zinc 
Study Group, 2012b, p. 10-11, 16). 

Lead-acid batteries, including starting-lighting-ignition (SLI) 
and industrial types, continued to be the dominant use of lead, 
accounting for about 89% of U.S. reported lead consumption. 
SLI battery shipments in North America were 122.6 million 
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units in 2011, a 3% increase from those of 2010. This total 
included original equipment (OE) and replacement automotive- 
type batteries (Battery Council International, 2012, р. 23—24). 

The 2011 annual average LME cash price was $1.09 per 
pound, an increase of 12% from that of 2010, and the North 
American Producer price (the weighted average, based on 1993 
production figures, of the list prices of those North American 
primary and secondary producers quoting list prices, in addition 
to those producers who have switched to LME pricing) 
increased by about 12% from that of 2010, to $1.22 per pound 
from $1.09 per pound. 


Legislation and Government Programs 


In April, the U.S. Environmental Protection Agency (EPA) 
proposed updates to the air toxics standards that covered 
secondary lead smelters. The amendments would strengthen 
the current standards that were issued by the EPA in 1997. The 
amendments were proposed after the EPA evaluated the 1997 
standards to determine if new or improved emission control 
approaches, practices, or processes had become available, and 
if additional emission reductions were needed to protect health. 
The EPA estimated that the proposed changes would reduce 
lead and arsenic emissions from secondary smelters by about 
68% when compared to current levels. The amendments would 
allow facilities to choose the most practical and cost-effective 
emissions control technology or techniques to reduce lead and 
arsenic emissions in order to achieve compliance with the new 
emissions limit. The new limit for allowable emissions of lead 
would be one-tenth the current limit. The EPA initially planned 
to accept public comments for 45 days after the proposal was 
published in the Federal Register and was under court order to 
issue a final rule by yearend 2011. The comment period was 
extended to August owing to the number of comments from both 
the public and members of the U.S. Congress. An association 
that represented lead-acid battery recyclers and secondary 
smelters filed comments with the EPA stating opposition to the 
new regulations. After reviewing the comments it received 
in December, the EPA announced the final amendments to the 
air toxics standards. Key changes to the standards included a 
requirement that facilities fully enclose all Operations within a 
building and vent emissions through a controlled stack to reduce 
arsenic and lead emissions. The EPA lowered the allowable 
emissions for lead to 0.2 milligram (mg) per dry standard cubic 
meter from 2.0 mg per dry standard cubic meter. The EPA 
estimated that the total estimated capital cost for new controls 
to achieve these emissions reductions would be about $50 
million and an additional $13 million annual operating cost for 
all secondary lead smelting facilities, and the changes would 
yield substantial public health benefits (U.S. Environmental 
Protection Agency, 201 1a, b). 


Production 


Mine.—In 2011, domestic mine production of recoverable 
lead was 334,000 t, a 6% decline compared with that of 2010. 
Lead mine production in the United States has declined by about 
26% during the past 10 years owing to shutdowns and 
curtailments at zinc and lead mines, with no new significant 
domestic lead mines opening. In 2011, there were 9 
lead-producing mines operating in the United States compared 
with 19 lead-producing mines in 2000. 

Alaska and Missouri contributed the major share of the U.S. 
mine output of lead. Lead mine production also was reported 
in Idaho. Domestic mine production data were collected by the 
U.S. Geological Survey (USGS) from a precious-metal and 
base-metal voluntary survey of lode-mine production 
(tables 1—2). 

Teck Alaska Inc. (a wholly owned subsidiary of Teck 
Resources Ltd., Vancouver, British Columbia, Canada) 
operated the Red Dog zinc-lead mine in northwestern Alaska 
under a royalty agreement with NANA Regional Corp., the 
sole owner of the property. NANA is a corporation organized 
under the provisions of the Alaska Native Claims Settlement 
Act. During 2011, Teck reported that production of lead in 
concentrate at Red Dog decreased by about 24% to 84,000 t 
compared with 110,000 t of lead in concentrate in 2010 owing 
to lower ore grades and recovery rates of near-surface weathered 
Aqqaluk ore. The average lead grade of ore milled in 2011 was 
5.0% compared to 5.4% during the 2010. Lead grade of ore 
milled during the fourth quarter of 2011 was 5.5%, reflecting 
ment compared with the same quarter of 2010. The 
Aqqaluk deposit was expected to provide sufficient ore to enable 
zinc and lead mining operations at Red Dog to continue until 
2030. Total proven and probable ore reserves at yearend 2011 
totaled 50.7 Mt at 4% lead. Teck expected to produce 70,000 t 
of lead in concentrate in 2012 with the majority of mill feed 
coming from the Aqqaluk deposit and the balance coming from 
the Main Pit that was expected to be exhausted during the first 
quarter of 2012 (Teck Resources Ltd., 2012a, p. 33-35; b, 

" m | и Pend Oreille zinc-lead mine in northeastern 
Washington remained on care-and-maintenance status owing to 
reduced metal demand and weakened zinc prices. A core group 
of employees remained at Pend Oreille after the shutdown to 
facilitate a possible restart in the future and to assure that all 
regulatory and environmental requirements were being met 
(Teck Resources Ltd., 2012a, p. 35). | 

Несја Mining Со. (Coeur d’Alene, ID) continued to operate 
two lead-producing mines, the Greens Creek gold, lead, silver, 
and zinc mine near Juneau, AK, and the Lucky F riday lead, 
silver, and zinc mine in the Coeur d'Alene Mining District in 

rthern Idaho. Hecla's total production of lead in concentrate 
so Oli decreased by 17% to 35,500 t from 42,600 t in 2010. 
аң Lucky Friday mine was temporarily shut down in late 2011 
ee of an accident in November that killed two miners 
and a rock burst in December that injured 11. An order uM 
-cued by the Mine Safety and Health Administration (MS ) 
ame loose material from the Silver Shaft, requiring all 
to temor to cease production. In response, Hecla 


-ons at the mine | 
сн plan to MSHA and received approval to remove 
su 


improve 
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loose material and unused utilities and to install a metal brattice 
wall that would improve shaft functionality. Production was 
expected to resume in early 2013 after the maintenance work is 
completed. As of December 31, 2011, total proven and probable 
lead reserves at the two mines were 535,000 t compared with 
505,000 t at yearend 2010 (Hecla Mining Co., 2012, p. 7-16). 

Primary.—Doe Run produced primary lead at a 
smelter-refinery facility in Herculaneum, MO. Concentrates for 
the smelter-refinery were provided mainly from four Doe Run 
mills that were supplied with ore mined from six production 
shafts along the Viburnum Trend in southeastern Missouri. In 
2011, domestic primary lead metal production was 118,000 t, a 
slight increase compared with 115,000 t in 2010. The company 
has operated the smelter with a single furnace since 2008. In 
late 2010, Doe Run announced that it would be shutting down 
the primary lead smelter in Herculaneum in 2013 as part of 
an agreement with Federal and State regulatory agencies and 
limiting annual refined lead production to about 118,000 t until 
it was closed. In 2011, the company did not indicate if it planned 
to proceed with construction of a new commercial-scale primary 
lead electrowinning plant based on a new lead processing 
technology that it had unveiled in 2010 (U.S. Environmental 
Protection Agency, 2010). 

Secondary.—Domestic secondary production of refined lead 
in 2011 decreased slightly to 1.13 Mt from 1.14 Mt in 2010. 
Reports during the year indicated that several secondary lead 
smelters lost production for time periods ranging from days to 
several weeks owing to planned and unplanned maintenance 
shutdowns, contributing to the slight decline in production 
in 2011. Secondary lead accounted for 91% of domestic lead 
refinery production, unchanged from that in 2010. Lead-acid 
batteries continued to be the dominant source of recoverable 
lead scrap, accounting for 95% of all lead recovered from 
secondary sources. The domestic secondary statistics were 
derived by the USGS from a combined secondary producer 
and consumer survey that included data from monthly and 
annual surveys. In 2011, 12 companies producing secondary 
lead, exclusive of that produced from copper-based scrap, were 
surveyed; 11 responded, representing about 99% of the total 
production of secondary lead. Of the total lead recycled in 2011, 
the majority was produced by 7 companies operating 14 plants 
in Alabama, California, Florida, Indiana, Minnesota, Missouri, 
New York, Pennsylvania, Tennessee, and Texas. Production and 
consumption for the nonrespondents were estimated by using 
prior-year levels as a basis (tables 1, 3). | 

In January, Johnson Controls Inc. (JCI) broke gr ound OF т 
new secondary lead smelter in Florence, SC. Construction 0 
the $150 million Florence Recycling Center was expected 10 
be completed by yearend 2012. The Florence plant was the | 
first lead smelter to receive the necessary air permit to apem 
in the United States in about 20 years. When fully operatore? 
the plant was expected to produce 120,000 to ae Ee ic 
tons per year (t/yr) of refined lead from used lead-ac! 
(Johnson Controls Inc., 2011b). 

In early September, EnviroFocus 
was expected to start its new reverber 
its secondary lead smelter in Tampa. The 
started a new battery-breaking operation 


Technologies (Татра, FL) 
atory and blast furnace at 
company had easy 
for recycling Јеад-ас! 
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batteries. EnviroFocus was expanding secondary refined lead 
production capacity at the plant to 100,000 t/yr from about 
24,000 t/yr by early 2012 (Ryan’s Notes, 2011a). 


Consumption 


Reported U.S. consumption of refined lead increased slightly 
in 2011 compared with that of 2010. Increases in lead used for 
ammunition and in other metal products offset slight declines 
in, casting metals, solder, and storage batteries end-use sectors. 
Consumption of lead in SLI and industrial type lead-acid 
storage batteries represented about 89% of the total reported 
consumption of lead (tables 4—6). Demand for lead is heavily 
reliant on the lead-acid battery industry and, in turn, the 
automotive sector. The Battery Council International (BCI) 
reported that North American shipments of SLI automotive 
batteries in 2011 were 122.6 million units, a 3% increase from 
those in 2010. Shipments of replacement SLI batteries in 2011 
totaled 107.1 million units, slightly greater than those in 2010. 
Replacement batteries represented 87% of all North American 
battery shipments in 2011. North American shipments of OE 
SLI batteries were 15.5 million units in 2011, an increase of 
12% from those of 2010. The increase in shipments of OE 
batteries was attributed to increased production of new vehicles 
during 2011 compared with production in 2010. Total domestic 
vehicle production (passenger cars and light commercial 
vehicles) in 2011 was about 8.4 million units compared with 
7.6 million units produced in 2010. In 2011, an estimated 244 
million vehicles were in operation in the United States, and the 
average age of the vehicle fleet on the road in the United States 
increased to 10.6 years, the highest level in history. Maintenance 
requirements of the aging fleet kept the replacement battery 
market stable while consumption of OE batteries increased 
compared with those of 2010. During the economic downturn 
that began in late 2008, consumers delayed preventative vehicle 
maintenance, such as exchanging older batteries for new units, 
opting instead to wait until batteries failed before replacing 
them (Battery Council International, 2012, р. 23-24; CRU 
International Ltd., 20125, р. 165). 

Lead-acid batteries used in vehicles incorporating traditional 


_ Internal combustion engines remained the backbone of global 


lead consumption in 2011. Many of the leading lead-acid battery 
producers were investing capital to research and develop battery 
technologies for the next generation of vehicles (partially 

driven by European Union regulations aimed at substantially 
reducing carbon dioxide emissions in new vehicles by 2012). 
Battery technologies such as absorbed glass mat (AGM) were 
considered feasible options for use in some hybrid-electric 
vehicles. In AGM batteries, the electrolyte in the battery is 
immobilized with a highly porous and absorbent microfiber 
glass mat. AGM batteries typically deliver considerably longer 
lifespans than traditional flooded lead-acid batteries, and 

their design makes them a preferred battery choice for use in 
vehicles that have start-stop technology. Vehicles equipped 

with start-stop technology (sometimes called microhybrids) 

use automatic stop-start functionality to cut power to the 

engine when the vehicle idles, reducing fuel consumption and 
emissions by as much as 12%. This technology is attractive to 
automobile manufacturers because it is relatively inexpensive 
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to add to existing vehicle designs. Battery producers were 
installing capacity to produce appropriate lead-acid batteries, 
like AGM, for the introduction of vehicles equipped with 
start-stop technology in the United States by 2012. Lead-acid 
battery manufacturer, JCI, announced that it planned to invest 
$138.5 million to convert its battery plant in Toledo, OH, into 
the company's first AGM plant in the United States. The plant 
was expected to produce 6 million AGM batteries per year by 
2013. The company forecast that the global start-stop market 
would increase to 35 million batteries by 2015 (Platts Metals 
Week, 2011). 

The BCI reported that the sales value of industrial-type 
lead-acid batteries in North America increased by about 20% 
($288 million) in 2011 compared with that of 2010. A 32% sales 
increase in motive power lead-acid batteries was attributed to 
a price increase for lead and an increase in quantity of units 
sold. About 93% of these batteries were used in material 
handling equipment like forklifts, and increased sales were 
linked to a recovery in the manufacturing industry since the 
economic downturn in late 2008. Overall, 2011 shipments of 
industrial-type lead-acid batteries were valued at about $1.74 
billion compared with $1.45 billion in 2010. Stationary power 
batteries accounted for 4996 of all industrial-type battery sales, 
and the remaining 5196 was motive power batteries 
(Purdy, 2012). 

Metalico Inc. (Cranford, NJ) was a leading domestic 
producer of nonbattery lead-based products in 2011. Metalico's 
lead-fabricating segment produced lead sheet, shot, strips, and 
various extruded products at four fabricating facilities. In 2011, 
sales of fabricated lead products were valued at $72.6 million, 
an 11% increase compared with lead fabrication sales in 2010. 
Similar to the situation in 2010, the increase was attributed to a 
greater average sales price of fabricated lead products in 2011 
compared with that of 2010, offsetting a decline in volume sold 
during that time period (Metalico Inc., 2012, p. 38). 


Prices 


The LME average cash price for lead began 2011 at $2,601 
per metric ton in January. Lead prices peaked at $2,741 per ton 
in April, and ended 2011 at $2,019 per ton. LME price increases 
during the first half of the year were attributed to investor 
optimism about global economic growth, a weaker U.S. dollar. 
and a potential increase in lead consumption after the earthquake 
and tsunami in Japan. Prices declined during the second half of 
the year as investor optimism for global economic growth faded 
and Chinese lead-acid battery plants were closed by the Federal 
and provincial government owing to environmental concerns 
On an annual average basis, the North American Producer and 
the LME cash prices in 2011 were up by $0.128 per pound 
(1276) and $0.115 per pound (1294) respectively, from the 
2010 average prices of $1.09 per pound and 50.974 per pound, 
respectively (CRU International Ltd, 2012a, p. 47-49). 


Foreign Trade 
In 2011, imports of unwrought (refined) lead metal in pigs and 


bars for consumption totaled 313,000 t, a 15% in 
| , , стеазе fr 
those of 2010. The leading source was Canada, елши г 
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80% of unwrought lead metal imports. Unwrought lead metal 
imports from Mexico increased by 90% from that in 2010 to 
56,000 t. 

Total domestic exports of unwrought lead in 2011 were 
40,100 t, 48% less from that in 2010. Belgium was the leading 
destination for the unwrought lead exported 1п 2011, accounting 
for about 53% of the total. Exports to Mexico, the leading 
destination in 2010, declined by 73% in 2011 compared with 
that in 2010. 

Domestic exports of lead in concentrate were 223,000 t, a 
25% decrease from those of 2010. Nearly 65% of the lead in 
concentrate produced domestically was exported in 2011, and 
the majority of lead in concentrate exports went to Belgium, 
Canada, China, Japan, and the Republic of Korea (tables 10—11). 

A substantial quantity of lead contained in new and spent 
lead-acid batteries is traded annually. In 2011, the United 
States imported about 20.0 million SLI lead-acid batteries for 
consumption, a 15% decrease from those of 2010. Mexico was 
the leading provider of SLI batteries, accounting for 63% of the 
SLI batteries imported in 2011. SLI batteries were also imported 
primarily from China, Columbia, Germany, Philippines, the 
Republic of Korea, Spain, and Taiwan. The United States 
exported about 25.9 million spent SLI lead-acid batteries in 
2011, 63% more than those of 2010. The majority of those units 
were shipped to Mexico (76%) and Canada (22%) for recycling. 
Much of the lead recovered from the exported batteries was 
reused to manufacture lead-acid batteries at plants in Canada 
and Mexico that were exported to the United States. 


World Review 


World mine production of lead increased by 13% to 4.70 Mt 
in 2011. China was the leading producer accounting for about 
50% of the world total, followed by Australia, with 13%; the 
United States, 7%; and Peru and Mexico, 5% еасћ (table 12). 
This increase in mine production was primarily owing to 
increased production in Bolivia, China, India, and Mexico 
offsetting decreases in Peru and the United States. In 2011, 
seven lead-producing mines were opened, adding 128,000 t/yr 
to global lead mine production capacity. Nearly one-half of the 
additional mine capacity was in India, and the remainder was 
added in Australia, Canada, Tajikistan, and Uzebekistan. The 
only substantial mine closure in 2011 was an 80,000-t/yr mine 


in Australia. 


World production of refined lead (primary and secondary) 


i % to 10.18 Mt in 2011 from 9.61 Mt in 2010. 
-— «зи producer of refined lead, accounting for 
Я of world production, followed by the United States, pt 
1296; and Germany and India, 4% each (table 13). Refined lea 
duction increases, most substantially in China, but also in 
SS India, Poland, and Thailand offset small declines 1n 
а Secondary (recycled) lead has accounted for 
= Би ing portion of the total global lead supply during the 
ое : ны lead production represented about 52% 
| T ed lead production worldwide in 2011 compared 
а n 47 % in 1999. Secondary production for the world, 
kim f China (China produces substantially more primary 
eae dary lead) represented 69% of total refined lead 
Е one in 2011. In 2011, nine new lead smelters added about 
produ 
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780,000 t/yr of lead smelting capacity, and about 70% of this 
capacity was in China. The remainder of the new capacity was 
added in India and Mexico. There were no substantial single 
plant closures in 2011 but there were multiple closures of small, 
older smelters in China (International Lead and Zinc Study 
Group, 2012c, р. 5—6, 21—26). 

According to 1.786, consumption of refined lead increased 
by 7% to 10.49 Mt in 2011 from 9.85 Mt in 2010, following a 
similar increase in global lead consumption in 2010 from that 
in 2009. The leading refined-lead-consuming countries in 201 
were China, 4496; the United States, 1596; and Germany, India, 
and the Republic of Korea, 496 each. Chinese consumption 
continued to drive global demand growth, increasing by 10% 
in 2011 from that in 2010. Chinese consumption was fueled 
by increased use in automotive and stationary batteries used in 
backup power supply systems, telecommunication networks, 
and renewal energy storage applications. ILZSG data indicated 
that global refined lead production exceeded consumption 
by about 153,000 t in 2011 compared with 8,000 t in 2010 
(International Lead and Zinc Study Group, 2012b, p. 10-11). 

European Union.—Recylex S.A. (Paris, France), a leading 
lead producer in Europe, reported that in 2011 its two facilities 
in France and subsidiary in Germany processed 149,000 t of 
spent lead-acid batteries, unchanged from 149,000 t in 2010. 
The lead-bearing materials produced by these plants were sent 
to the company's two smelters in Belgium and Germany. Total 
refined lead production from the company's smelters in 2011 
was 126,000 t, a 396 increase compared with 122,000 t in 2010. 
In 2010, operating performance of the company's main smelter 
in Nordenham, Germany, was affected by a temporary shutdown 
(Recylex S.A., 2012, p. 10). 

Australia. —On December 31, 2010, Magellan Metals Pty. 
Ltd. [a wholly owned subsidiary of Ivernia Inc., (Toronto, 
Ontario, Canada)] announced that it had received an order from 
the Acting Minister for Environment of Western Australia to 
stop the transportation of lead concentrate from its Magellan 
Mine in Western Australia. Magellan was one of the leading 
lead carbonate mines in the world. Magellan Metals stopped 
mining and processing operations at the Magellan Mine until 
February 23, 2011, when the stop order was lifted. Following 
the lifting of the order, Magellan commenced ramp-up 
operations to resume mining. On April 5, Magellan announced 
that it had voluntarily ceased transportation and operations 
as a result of the detection of a small amount of lead-bearing 
mud on the outside of one of its shipping containers at the Port 
of Fremantle. On April 7, the company placed the Magellan 
Mine on care-and-maintenance status indefinitely. In 2011, the 
company produced approximately 12,700 dry metric tonnes of 
lead carbonate concentrate containing approximately 8,100 t of 
lead in concentrate. The mine remained closed at year end, and 
it was unclear when and under what conditions the mine would 
resume operations (Ivernia Inc., 2012, p. 9-12). na 

In July, Xstrata ple (Zug, Switzerland) began construction © 

. n : deposit 1n 
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start operations at Lady Loretta by yearend 2013. Lady Loretta 
was expected to produce 1 million metric tons per year (Mt/yr) 
of zinc-lead-silver-ore yielding an average of 126,000 t/yr 

and 40,000 t/yr of zinc and lead in concentrate, respectively, 
during its 10-year mine life. Ore was expected to be treated at 
Xstrata’s Mount Isa’s processing facilities. The company was 
also expanding its Handlebar Hill open pit zinc-lead mine near 
Mount Isa to extend the mine’s life to 2013 (Xstrata plc, 2011). 

Canada.—Xstrata’s Brunswick underground zinc-lead mine 
near Bathurst, New Brunswick, was the leading producer of lead 
in concentrate in Canada. The mine and mill had production 
capacity to process 3.1 Mt/yr of ore containing copper, lead, 
silver, and zinc. In 2011, Brunswick Mine produced 57,000 t 
of lead in concentrate, down from 60,000 t in 2010. The 
Brunswick smelter produced 76,500 t of refined lead compared 
with 85,000 t in 2010 owing to lower lead content in feed ore. In 
2010, Xstrata increased reserves at Brunswick Mine to extend 
the mine life to 2013, beyond its previously anticipated closure 
in early 2010. Brunswick was expected to close no later than 
March 2013 (Xstrata plc, 2012, р. 70-71, 81). 

In 2011, Selwyn Resources Ltd. (Vancouver, British 
Columbia) and joint-venture partner, Yunnan Chihong Zinc and 
Germanium Co. Ltd. (Yunnan Province, China), continued an 
exploration, permitting, engineering, and development program 
at the Selwyn Project in the eastern Yukon Territory (also known 
as the Howard’s Pass District). Selwyn Chihong Mining Ltd. 
was formed as a joint-venture company to advance the Selwyn 
project through the development stages to production. In 2010 
and 2011, the company spent about $80 million on programs 
at the project. In 2011, Selwyn Chihong engaged in definition 
drilling of the XY Central and Don deposits, converting the 
mineral resources into the indicated categories for use as the 
basis of the mine development plan. Drilling on the XY West 
deposit, adjacent to the XY Central deposit, confirmed and 
expanded the mineral resource at XY West. The Selwyn project 
was one of the largest undeveloped resources of lead and zinc in 
the world according to the company. The latest (August 2011) 
resource estimates for the project were 180.6 Mt of indicated 
mineral resources, grading 1.83% lead. Selwyn’s revised 
development schedule provided for initial ore production to 
begin in 2015 at rates that would produce about 65,000 t/yr of 
lead in concentrate (Selwyn Resources Ltd., 2012, 

р. 3, 11, 15—19). | 

Teck announced that 2011 refined lead production at its 
metallurgical complex at Trail was 85,600 t, a 20% increase 
from that of 2010 owing to the KIVCET furnace operating 
at greater feed rates and no substantial shutdowns during the 
year. Teck expected to produce 85,000 t of refined lead at Trail 
ш 2012. In September, Teck announced plans to invest $211 
million to significantly increase capacity to recycle end-of-life 
electronics at Trail. This project included construction of a new 
slag-fuming furnace and a settling furnace that would integrate 
into the existing lead smelting process. Teck recycled 13,000 t 
of electronic waste at Trail in 2010, and this project will triple 
capacity. Typical electronic waste consists of crushed glass from 
computer and television screens that contains 8% to 10% lead 
d bend components that contain aluminum, copper, and steel. 

ction was scheduled to begin in 2012 and be completed 
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in 2014 (Ryan's Notes, 2011b; Teck Resources Ltd., 2012b, 
р. 34-35). 

China.—China continued to be the leading global producer 
and consumer of lead in 2011. China was also the leading 
producer of lead-acid batteries in the world. Between 1999 
and 2011, China's surging consumption of lead contained in 
lead-acid batteries was caused by tremendous growth in the 
production of automobiles, electric bicycles (e-bikes), and 
motorcycles. The number of e-bikes in China had grown to more 
than an estimated 120 million in 2011. Each e-bike typically 
needed at least one lead-acid battery per year, containing about 
10 kilograms of lead, to operate, which translated to more than 
] Mt of lead consumed for this use in 2011. Consumption of 
lead in China has increased by an average of about 1996 per year 
from 2000 to 2011 and was estimated to have increased by 1096 
to 4.63 Mt in 2011 from 4.21 Mt in 2010. Lead in concentrate 
production in 2011 was 2.35 Mt, a 27% increase from the 1.85 
Mt produced in 2010. Refined lead production in 2011 was 
4.65 Mt, an 1196 increase from the 4.20 Mt produced in 2010. 
In 2011, secondary lead production accounted for 3196 of total 
refined lead production in China, compared with 3296 in 2010 
(International Lead and Zinc Study Group, 2012b, p. 1—14). 

In 2011, the Chinese National and Provincial governments 
continued to eliminate smaller lead mines and smelters in an 
attempt to consolidate production and shutter lead-acid battery 
manufacturers that violated environmental regulations. In 
August, the Ministry of Industry, Information, and Technology 
(MIIT) released a draft proposal that would permanently close 
all secondary lead smelters with refined lead capacity less than 
30,000 t/yr by 2013. New plants and expansions at existing 
plants would need to have the capacity to produce at least 
50,000 t/yr of refined lead. Any new capacity additions would 
have to achieve a lead recovery rate of 98%, and existing plants 
would be required to achieve recovery rates of at least 96%. The 
Government ultimately wanted to close the smaller smelters 
that were considered heavier polluters and keep larger, more 
technologically advanced smelters that would comply with 
environmental regulations. It was estimated that the plans could 
affect 66% of the secondary lead smelters operating in China. In 
December, the MIIT issued a circular to Provinces and regions 
listing 3.60 Mt/yr of outdated nonferrous metals production 
capacity that was targeted to be closed or phased out during the 
12th 5-year plan period (2011—15). An estimated 1.30 Mt/yr of 
lead smelting capacity was targeted for elimination during this 
period. The Government wanted recycling to account for 40% of 
total refined lead production by 2015 (CRU International Ltd. 
2011, p. 167). 

In 2011, about 1,600 lead-acid battery manufacturing plants 
out of 1,930 inspected were permanently or temporarily closed 
from April to July as a result of a national environmental 
crackdown. In response to multiple lead pollution and lead 
poisoning incidents near lead-acid battery plants, inspections 
were conducted to eliminate plants that were potential hazards 
to the community and public health. By yearend about 6694 
ofthe more than 3,000 total lead-acid battery plants operating 
in China would be permanently closed. Many of these plants 
were smaller facilities that operated outside of the government's 
regulatory control. Despite the shutdowns, applications for new 
lead-acid battery plants in 2011 increased from the previous 
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year, and larger companies appeared to be preparing to replace 
lost capacity with new plants (Metal Bulletin, 201 la, b). 

India.—In support of its emerging industrial economy 
and automotive sector, mine and refined lead consumption 
and production increased in 2011 compared with that in 
2010. Lead-acid batteries account for about 90% of total lead 
consumed in India. Hindustan Zinc Ltd. (HZL) (Udaipar), 
India’s leading integrated zinc and lead producer, produced 
607,000 t of mined zinc and lead in concentrate at its four active 
mines during the 9-month period that ended December 31, 2011, 
a slight decrease compared with production in the same period 
of 2010. HZL continued an aggressive plan to expand its mines 
and smelters to satisfy increased domestic lead consumption. In 
2011, HZL commissioned а new zinc and lead smelter in Dariba 
with capacity to produce 100,000 t/yr of primary lead and 
increased the company’s total refined lead production capacity 
to 185,000 t/yr. HZL was also expanding production capacities 
at its Kayar, Rampura Agucha, and Sindesar Khurd zinc-lead 
mines for progressive commissioning from 2011 to 2012. HZL's 
expanded production capacity could help satisfy some of the 
increased demand for lead in India, which has become reliant 
on imported lead during the past several years (Hindustan Zinc 
Ltd., 2012). 

Mexico. —In August, JCI announced plans to invest more 
than $70 million in its secondary lead smelter in Nuevo Leon to 
replace existing rotary furnaces with larger, more efficient rotary 
furnaces. New environmental controls were expected to be 
added during the furnace upgrade to comply with Mexican air 
emission standards. It was unclear how much additional refined 
lead production capacity, if any, the 132,000-t/yr secondary 
smelter would have after the upgrade. The upgrade was part 
of JCI’s strategy to increase lead recycling capacity in North 


America (Johnson Controls, Inc, 201 1a). 


Outlook 


At its April 2012 meeting in Lisbon, Portugal, ILZSG forecast 
global increases in lead mine and refinery production as well 
as in lead consumption. Global lead mine production was — 
expected to increase to 4.88 Mt in 2012, 5% more than that in 
2011, owing to greater output in China. About 300,000 t/yr of 
new lead mine capacity was expected to be commissioned from 
2012 to 2014 with the largest additions in Australia and Russia. 
Global refined lead metal production in 2012 was expected to 
increase by 4% (10.9 Mt), owing to production increases in — — 
Belgium, Canada, China, India, Japan, Kazakhstan, the Republic 
of Korea, Sweden, the United Kingdom, and the United States. 
Twelve new plants were expected to open т 2012—four | 
rimary and eight secondary plants (International Lead and Zinc 
Bu Group, 2012a, 2012c, р. 5-6). — jus 
The availability of lead scrap. primarily in the | orm of use 
lead-acid batteries, has become an issue of concern for many 
tic secondary producers. The combination of increased 
нй f spent lead-acid batteries to other countries during 
E d substantial additions to domestic 
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forced to scale-back operations or close. Impending regulatory 
requirements that might require some smelters to invest 
additional capital and increase annual production costs to remain 
in compliance could also factor into which plants will be able to 
operate profitably in the long-term. 

Global consumption of refined lead in 2012 was forecast 
to be 10.8 Mt, a 5% increase from that of 2011, according to 
ILZSG. The global increase in consumption was attributed to a 
7% increase in use of refined lead in China owing to growth in 
the automotive, e-bike, and industrial battery sectors. Lead-acid 
battery production in China was expected to recover from the 
closure of many small plants in 2011 owing to environmental 
regulations. Consumption in India, Japan, Poland, the Republic 
of Korea, Russia, Thailand, and Vietnam were expected to be 
greater in 2012 than in 2011. In North America, the BCI forecast 
that total shipments of SLI lead-acid batteries would increase 
slightly in 2012 from those in 2011. Provided that the majority 
of vehicles in the current fleet continue to be operated on a 
regular basis, the replacement SLI battery market was expected 
to remain stable in the near future. Shipments of OE batteries 
were expected to be heavily reliant on production of new 
automobiles in North America which were expected to increase 
from 2011 to 2016. The BCI forecast that OE battery shipments 
would increase by about 6% per year from 2011 to 2016. Sales 
of industrial-type lead-acid batteries in North America were 
expected to increase by 8% in 2012 compared with sales in 
2011 owing to increased demand for motive power and standby 
batteries from the business sector. Overall, ILZSG expected 
that production of refined lead would exceed consumption, and 
the lead market would remain in surplus of about 114,000 t by 
yearend 2012 (International Lead and Zinc Study Group, 20128; 
Purdy, 2012). 
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TABLE 1 


SALIENT LEAD STATISTICS' 
о эээ ee 
2007 2008 2009 2010 2011 
United States: 
Production: 
Mine, recoverable lead content: 
С Quantiy —  — 1 1 metictons 43400 399,00 — 39500 356000 33400 
— Primary lead, refined content, domestic ores and base bullion  metrictons _ $123,000 — 13500 103,000 — 115,000 118,000 
_ Secondary lead, lead content — — —  — — — —  — do. 1,180,000 1,140,000 1,110,000 — 1,140,000 — 1,130,000 
Exports, lead content: 
__Leadoreandconcentrates — — —  —  — — $( — do 300000 277000 287,000 — 299,000 223,00 
Imports for consumption, lead content: 
^ Ledinbaebulin © 1990 & 2,40 и 60 ____434 
Lead in pigs and bars do. ` 263,000 309,000 251,000 271,000 313,000 
Stocks, December 31, lead content: 
Primary lead do. W W W W W 
^ Consumption of metal, primary and secondary, lead content do. 1570000 144000 129000 1,430,000 — 1,440,000 
Price: | 
North American Producer average, delivered? cents per pound 123.84 120.33 86.87 108.91 121.70 
— London Metal Exchange, pure lead, cash average? — do 11700 949 _ 77:95 ЭФ _ 10892 
World: 
Production, gross weight: 
Mine | metric tons 3,710,000 3,880,000 3,870,000" 4,160,000 с 4,700,000 
Primary refinery do. 3,660,000 3,980,000 3,860,000 4,240,000 4,690,000 
— Secondary refinery on 4440000 4620000° 4,910,000! 5,170,000 5,270,000 
Undifferentiated 222,000 196,000 164,000 202,000 216,000 


‘Revised. do. Ditto. W Withheld to avoid disclosing company proprietary data. 
Гаја are rounded to no more than three significant digits, except prices. 
21 ead recoverable after smelting and refining. Data in table 12 represent lead in concentrate. 


3platts Metals Week. 
TABLE 2 
LEADING LEAD-PRODUCING MINES IN THE UNITED STATES IN 2011, IN ORDER OF OUTPUT! 
"ME EP a C n MO ЕЕ ЕЕЕ НЕ АЫ e oead. 
ыш. Mine County and State___Operator_Sourse afiat 
I ReDo Northwest Arctic, AK Teck Alaska Ine, _Zine-“ea ore. 
> Fletcher —  . ReymidsMO Doe Run Resources Corp. ое — 
3. Buk МО oe 2—— 
4 _____Вашћубтек —  — Remod&MO ә С 
УЛ Viburnum (#29 and #35) Washington and Iron, MO do. e 
q юр Shoshone, Ot 
8 Sweetwater Reynolds, MO Doe Run Resources Corp. Lead ore. 
ru Shoshone, ID U.S. Silver Corp. Silver ore. 


9 Galena 


Do., do. Ditto. 
lThe mines on this list accounted for 10096 of the U.S. mine production in 2011. 
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TABLE 3 
LEAD RECOVERED FROM SCRAP PROCESSED IN THE UNITED STATES, 
BY KIND OF SCRAP AND FORM OF RECOVERY! 


(Metric tons, lead content, unless otherwise specified) 


I 


Kind of scrap: 

New scrap: 
Lead-base 
Copper-base 
Tin-base 

Total 

Old scrap: 
Battery-lead 
All other lead-base 
Copper-base 

Total 

Grand total 

Form of recovery: 

As soft lead 

In antimonial lead 

In other lead alloys 

In copper-base alloys 
Total: 

Quantity 
Value? thousands 
"Revised. -- Zero. 


2010 


22,600 


1,530 
24,100 


1,070,000 
42,900 


1,120,000 * 


1,140,000 


968,000 


174,000 " 


(2) 


1,140,000 


2011 


20,100 


1,530 
21,600 


1,070,000 
40,100 


1,110,000 
1,130,000 


966,000 


167,000 
(2) 


1,130,000 


$2,740,000 $3,040,000 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


?Included with “Other lead alloys.” 
3Value based on average quoted price of common lead. 


мі 
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TABLE 4 
U.S. CONSUMPTION OF LEAD, ВУ PRODUCT! 


(Metric tons, lead content) 


SIC’ code Product 
Metal products: 
3482 Ammunition, shot and bullets 
Bearing metals: 
35 Machinery except electrical 
371 Motor vehicles and equipment 
37 Other transportation equipment 
Total 
3351 Brass and bronze, billets and ingots 
36 Cable covering, power and communication 
15 Calking lead, building construction 
Casting metals: 
36 Electrical machinery and equipment 
371 Motor vehicles and equipment 
37 Other transportation equipment 
3443 Nuclear radiation shielding 
Total 
Pipes, traps, other extruded products: 
15 Building construction 
3443 Storage tanks, process vessels, etc. 
Total 
Sheet lead: 
15 Building construction 
3443 Storage tanks, process vessels, etc. 
3693 Medical radiation shielding 
Total 
Solder: 
15 Building construction 
Metal cans and shipping containers 
367 Electronic components, accessories and other electrical equipment 
371 Motor vehicles and equipment 
Total 
Storage batteries: 
3691 Storage battery grids, post, etc. 
3691 Storage battery oxides 
Total storage batteries 
27 Type metal, printing and allied industries 
34 Other metal products” 
Grand total 
Other oxides: 
285 Paint 
32 Glass and ceramics products 
28 Other pigments and chemicals 
Total 
Miscellaneous uses 


Grand total 


W Withheld to avoid disclosing company proprietary data; included in appropriate totals. 
Граја are rounded to no more than three significant digits; may not add to totals shown. 


2610 Standard Industrial Classification. 
3Included with “Metal products: Other metal products.” 


2010 


65,700 


W 
W 
1,230 
1,410 
(3) 


W 
16,400 


990 
(4) 
990 


16,000 
W 
W 
23,400 


W 
W 
6,130 
W 
6,420 


478,000 
806,000 
1,280,000 
(3) 

8,800 
1,410,000 


W 

W 

9,760 
13,700 
1,430,000 


2011 


69.200 


W 
W 
1,150 
1,620 
(3) 


W 
11,100 


859 
(4) 
859 


6,120 
W 
6,370 


440,000 
833,000 
1,270,000 
(3) 

24,000 
1,410,000 


W 

W 

9,760 
14,300 
1,440,000 


*Included with “Metal products: Sheet lead: Buildíng construction" to avoid disclosing company proprietary data. 
SIncludes lead consumed in foil, collapsible tubes, annealing, galvanizing, plating, electrowinning, and fishing 


weights. 
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TABLE 5 
U.S. CONSUMPTION OF LEAD IN 2011, BY STATE"? 


(Metric tons, lead content) 


i i a eren 


Lead in Lead in 
Refined antimonial Lead in copper- 
State soft lead lead alloys base scrap 
California and Washington 25,100 1,050 3,020 -- 
Illinois 23,600 19,400 — -- 
Iowa, Michigan, Missouri 23,700 41,400 W -- 
Ohio and Pennsylvania 95,200 92,300 32,600 WwW 
Arkansas and Texas 56,500 19,700 — -- 
Alabama, Georgia, Oklahoma 29,700 6,770 W — 
Indiana, Kansas, Kentucky, Minnesota, 
Nebraska, Tennessee, Wisconsin 122,000 134,000 28,800 W 
Connecticut, Maryland, New Jersey, New York, 
North Carolina, South Carolina 22,700 14,800 2,110 -- 
Other States 516,000 73,900 49,900 626 
Total 914,000 404,000 116,000 626 
W Withheld to avoid disclosing company proprietary data; included in “Other States.” — Zero. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes lead that went directly from scrap to fabricated products. 
TABLE 6 
U.S. CONSUMPTION OF LEAD IN 2011, BY CLASS OF PRODUCT"? 
(Metric tons, lead content) 
Lead in Lead in 
Refined antimonial Lead in copper- 
Product soft lead lead alloys base scrap Total 
Metal products 65,700 65,900 W w 139,000 
Storage batteries 825,000 338,000 W W 1,270,000 
Miscellaneous” 24,000 (4) W W 24,100 
Total 914,000 404,000 116,000 626 1,440,000 


W Withheld to avoid disclosing company proprietary data; included in “Total.” -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes lead that went directly from scrap to fabricated products. 
?Included in “Miscellaneous” are other oxides and gasoline additives. 
“Withheld to avoid discosing proprietary data; included in “Storage batteries.” 


Total 
29,200 
43,000 
65,100 
220,000 
76,200 
36,500 


285,000 


39,600 
640,000 
1,440,000 
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ТАВТЕ 7 
STOCKS OF LEAD AT CONSUMERS AND SECONDARY SMELTERS 
IN THE UNITED STATES, DECEMBER 31"? 


(Metric tons, lead content) 


Lead in Lead in 
Refined antimonial  Leadin соррег-Баѕе 
Year soft lead lead alloys Scrap Total 


2010 29,000 25,100 * W W 64,800 ' 
2011 28,400 15,400 W W 46,600 
"Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” 
"Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes stocks at primary refineries. 


TABLE 8 
PRODUCTION AND SHIPMENTS OF LEAD PIGMENTS AND OXIDES IN THE UNITED STATES"? 


(Metric tons and dollars) 
Ee = 
Production Shipments* Production . Shipmens —— . 
Gross Lead Quantity Gross Lead Quantity ; 
Product weight content (lead content) Value? weight content (lead content) Value 
Litharge, red lead and whitelead, dry С — — 3450 7000 SS; 600,000 
Leady oxide 820,000" 779,000 ' МА NA 827,000 786,000 МА МА 


"Estimated. ‘Revised. МА Not available. — Zero. 


1 виза as : 
Data are rounded to no more than three Significant digits; may not add to totals shown. 


"Excludes basic lead sulfate to avoid disclosing company proprietary data. 
ЗА! plant, exclusive of container. 


TABLE 9 
U.S. IMPORTS FOR CONSUMPTION OF LEAD PIGMENTS AND COMPOUNDS, BY KIND’ 


——————— M ee es 


Quantity 
(metric tons, Value 
Kind thousands 
X lead content) ( ) 
Chrome vellow. р 
Chrome yellow, molybdenum orange pigments, lead-zinc chromates 1,900 $9,760 
a o ДАНИЦЕ ee 1,470 5,440 
Glass frits (undifferentiated) 25,300 45,900 
Totli о о о о ое Él Ее О БИРЕРИ Jack А 
000 
2011: — = 
а a L 
rome yellow, molybdenum orange pigments, lead-zinc chromates 2,320 11,800 
Cie ee О = 1,360 5,160 
Glass frits (undifferentiated) 22,800 45,600 
Роја —e a нь 
5 Тош 26,400 62,500 
ata are rounded to по more than three Significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 10 
U.S. EXPORTS OF LEAD, BY COUNTRY! 


и. a iun RENE 


Country (metric tons) (thousands) (metric tons) (thousands) 
Ore and concentrates, lead content: 
is 


Belgium 
Canada 
China 
Japan 
Korea, Republic of 
Mexico 
Other 
Total 
Base bullion, lead content: 
China 
Korea, Republic of 
Mexico 
Other 
Total 
Unwrought lead and lead alloys, lead content: 


Belgium 
Canada 
Chile 
China 
India 
Japan 
Korea, Republic of 
Mexico 
Other 
Total 
Wrought lead and lead alloys, lead content: 
Canada 
Chile 
China 
Germany 
Haiti 
India 
Mexico 
United Kingdom 
Venezuela 
Other 
Total 
Scrap, gross weight: 
Canada 
Chile 
China 
Honduras 
India 
Japan 
Korea, Republic of 
Mexico 
Netherlands 
Spain 
Taiwan 
United Kingdom 
Other 
Total 
‘Revised. -- Zero. 


2010 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 


Quantity Value Quantity Value 
4,320 $4,830 14,700 $18,400 
32,200 58,700 33,300 72,100 
173,000 243,000 129,000 222,000 
55,000 119,000 27,600 64,600 
26,300 37,600 17,700 46,200 
7,490 7,800 464 1,120 
274 140 240 423 
299,000 472,000 223,000 425,000 
100 387 1 9 
-- -- 55 718 
99 371 -- -- 
-- -- 14 16 
199 758 ' 70 743 
18,200 16,400 21,300 19,900 
6,670 10,400 2,830 3,420 
336 277 763 797 
1,290 1,980 34 108 
34 30 104 101 
515 1,930 904 1,840 
13 10 641 999 
49,900 51,800 13,300 26,600 
803 " 1,190 ' 323 360 
77,700 84,100 40,100 54,100 
1,540 3,520 1,590 4,550 
34 115 288 514 
200 192 133 167 
257 278 398 557 
113 107 196 182 
824 1,060 1,600 2,400 
947 1,160 915 1,030 
607 630 192 397 
67 69 651 1,690 
1,000 ' 2,050 ' 1,070 2,040 
5,590 9,170 7,030 13,500 
8,060 8,770 5,010 8,530 
- = 325 118 
1,810 989 1,510 1,270 
327 98 142 42 
2,290 3,540 8,420 9,610 
1,730 613 92 169 
20,700 15,500 10,900 13,200 
643 1,310 829 1,170 
БЕ = 2,620 1,220 
a m 224 336 
5,270 1,600 - == 
19 32 94 161 
2,710 ' 1,350 ' 1,010 986 
43,500 33,800 31,100 36,800 
a” 


2011 


42.13 


42.14 


TABLE 11 


U.S. IMPORTS FOR CONSUMPTION OF LEAD, BY COUNTRY’ 


Country 
Base bullion: 

Canada 
Mexico 
Poland 
Venezuela 

Total 

Pigs and bars, lead content: 

Canada 
Colombia 
Ecuador 
France _ 
Guatemala 
Italy 
Mexico 
Morocco 
Peru 
Russia 
South Africa 
United Kingdom 
Other 


мМФ— e UUU 


Total 


Reclaimed scrap, including ash and residues, lead content: 


Canada 
Chile 


China 


Colombia 
Mexico 

Russia 

United Kingdom 
Venezuela 


Other 
n e a ле мр а“ 
Total 
katu na ——————————————————————— 
Wrought lead, all forms, including wire and powders gross weight: 
e : : 
Argentina 


Ta Aee a 165 423 219 589 
о e eee 133 426 197 426 
zech Republic 7 143 794 2,840 
p NN 100 301 40 131 
" -——— BEN 744 4,130 717 4,330 
ССС 7 55 144 487 
on Kingdom 95 322 193 1,260 
А 39 ' 472 ' 148 1,010 
11,100 

"Revised. -- Zero. 1,290 6,270 2,450 


1 
Data are rounded to по more than three Significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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2010 
Quantity Value 

(metric tons) (thousands) 
404 $817 
159 806 
38 94 
602 1,720 
237,000 522,000 
97 159 
730 2,210 
330 651 
240 96 
29,400 25,800 
3,380 7,150 
49 128 

52' 94 ' 
271,000 559,000 
621 1,500 
83 136 
21 5 
1,560 3,950 
402 732 
27 12 
616 1,580 

405 ' 967 ' 


8,880 


2011 
Quantity 


(metric tons) 


35 
199 


629 
436 


56,000 
496 

121 
3,270 
246 
1,560 
540 
313,000 


481 
153 
374 
987 

96 
207 


97 
2,400 


Value 


(thousands) 


$86 
1,350 
506 
1,940 


627,000 
688 
1,940 
1,010 
53,700 
1,160 
346 
8,530 
144 
3,630 
1,380 
700,000 


1,310 
272 
1,120 
1,600 
221 
618 
225 
5,380 
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Coun 2007 2008 2009 2010 2011 


Argentina 
Australia 
Bolivia 
Brazil 
Burma* 
Canada 
Chile 
China* 
Georgia? — — — 
Greece? 
Guatemala 


Korea, North? 
Korea, Republic of 
Macedonia 
Mexico 

Morocco 
Namibia 

Peru 

Poland 

Еотапја“ 
Russia* 

Serbia* 

South Africa 
Sweden‘ 
Tajikistan® 
Turkey 

United Kingdom" 


United States 

Uzbekistan 

Vietnam 
Total 


TABLE 12 
LEAD: WORLD MINE PRODUCTION OF LEAD IN CONCENTRATE, BY COUNTRY? 


(Metric tons, lead content) 


17,045 
641,000 
22,798 
2,600 
24,574 
15,000 
2,000 
75,135 
1,305 
1,410,000 
400 
15,000 
165 
10,215 
77,500 
25,000 
54,100 
800 
40,200 
13,000 
12 
29,000 
120,000 
44,800 
10,543 
329,154 
79,400 
1,000 
50,000 
1,600 
41,857 
62,100 
800 
32,000 
500 
444,000 


19,200 


"Estimated. PPreliminary. "Revised. -- Zero. 


'World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to 


totals shown. 


2ТаЫе includes data available through July 7, 2012. — 
*In addition to the countries listed, lead is also produced in Nigeria, but information is inadequate to formulate 


reliable estimates of output levels. 


^Year beginning March 21 of that stated. 


*Reported figure. 


а! 


r 


3,710,000 ' 


20,788 
645,000 
81,602 
3,300 
25,286 ' 
15,000 
3,000 
98,974 
3,985 


1,500,000 


400 
16,000 
53 
12,545 
87,300 
26,905 > 
50,200 
800 
39,000 
13,000 
449 
35,000 ^* 
100,725 
40,000 
14,062 
345,109 
87,700 
60,000 
1,600 
46,440 
60,000 > 
800 
25,000 
500 
410,000 ' 


14,200 


3,880,000 ' 


24,753 
566,000 
84,538 ' 
2,100 
15,890 * 
12,000 
7,500 
68,761 
1,511 
1,600,000 
400 
16,000 
14,471 
92,000 
20,000 ' 
43,000 
800 
39,400 
13,000 
2,064 
38,000 ' 
143,838 
40,000 * 
10,129 ' 
302,459 
80,400 
70,000 
1,800 
49,149 
69,000 ' 
800 
26,000 
500 
406,000 ' 
7,700 
3,870,000 ' 


22,000 
625,000 
72,803 
3,200 ' 
19,650 ' 
12,000 
7,000 
64,859 
695 ' 
1,850,000 
400 
18,000 
13,000 
97,000 ' 
35,000 * 
45,000 
800 
36,100 
13,000 
1,168 ' 
40,000 ' 
192,062 ' 
35,000 
10,140 " 
261,990 ' 
63,800 ' 
97,000 
2,000 
49,715 
68,000 * 
800 
27,000 
500 
369,000 ' 


7,400 ^* 


4,160,000 ' 


25,000 
621,000 
100,051 

3,200 
19,700 Р 
12,000 

7,000 
59,445 Р 

841 
2,350,000 
400 

18,000 

13,000 ° 
115,000 

35,000 

45,000 

800 
34,600 
26,000 

1,000 ° 

40,000 ° 
220,000 • 

42,000 * 

10,000 * 
230,019 

60,000 ° 
105,000 

1,800 
55,000 • 
62,000 

6,000 
27,000 

500 

342,000 

6,000 
7,400 * 

4,700,000 


42.15 


TABLE 13 
LEAD: WORLD REFINERY PRODUCTION, BY COUNTRY? 


(Metric tons) 
Coun 2007 2008 2009 2010 2011 
Algeria, secondary 5,000 5,000 5,000 11,000 ' 9,000 
Argentina: 
Primary 11,588 13,482 12,558 14,245 ' 14,000 * 
Secondary —  (— à à 0...  .. 4900 39000 .  70000* 630007 ааш. 
Total 60,588 72,482 82,558 71,245 ' 77,000 * 
Australia: 
Primary 202,000 221,000 204,000 178,000 187,000 
Secondary* 27,000 27,000 25,000 26,000 26,000 
Total 229,000 248,000 229,000 204,000 213,000 
Austria, secondary 28,564 26,902 22,197 ' 25,499 € 25,000 * 
Belgium, secondary 117,200 109,000 109,000 121,000 * 121,000 * 
Bolivia 301 473 418 ' 310 "4 269 * 
Brazil, secondary 130,963 95,704 104,160 ___114,887 ' 115,000 Р 
Bulgaria: 
Primary 73,000 ° 73,000 70,000 68,000 67,000 
Зесопдагу 14,000 ° 14,000 13,000 13,000 12,000 
Total 87,000 > 87,000 83,000 81,000 79,000 
Burma, primary 165 202 200 * -- = 
Сапада: 
Primary 95,577 105,526 101,484 105,836 112,531 P 
Secondary 141,111 153,549 157,370 167,042 169,849 Р 
Total 236,688 259,075 258,854 272,878 282,380 Р 
Сіпа: 
Ргітагу 2,140,000 2,350,000 2,480,000 2,840,000 3,220,000 
Secondary 650,000 850,000 _ 1,230,000 — 1,360,000 — 1,430,000 
Total 2,790,000 3,200,000 3,710,000 4,200,000 4,650,000 
Czech Republic, secondary" 34,000 36,000 29,000 30,000 30,000 
Estonia, secondary" 10,000 > 10,000 10,000 10,000 10,000 
France, secondary" 100,200 > 88,000 88,000 88,000 88,000 
"uuo m 110,934 113,200 104,900 125,000° 135,000 ° 
“Secondary ___ _______- 294,147 301,900 285,700 280,400 ' 303,000* _- 
CC HMM 405,081 415,100 390,600 405,400 ' 438,000 * 
Greece seconda — — 5,000 5,000 4,000 4,000 4,000 
eur e E 53,800 62,000 62,000 ' 75,000* 120,000 
“secondary ____  —————— 204,000" 232,000" 275,000" 305,000" 306,000 
oc aa 257,800" 294,000" 337,000" 380,000 ' 426,000 
Todonesia, secondary _ _ —  — 18,500 18,500 18,000 18,000 17,000 
e 
= ee 25,000 20,000 20,000 20,000 20,000 
“Secondary — 1. LL 50,000 55,000 55,000 55,000 55000 — 
Huc eee 75,000 75,000 75,000 75,000 75,000 
Toland, secondar НИЕ 22,500 22,500 19,000 20,000 n 
Toral, secondary’ _______------- 25,000 27,000 26,000 * 27,000 296 
„ге 
сЕ 45,0005 47,8005 15,000 15,000 | | um 
Fetal 20,000 F800 * 149,90. Haee HT 
ie AE E EN 
Secondary | 171795 — 172454 150871  — 1656137 Seo — 
267,223 248,602 


Total 276,322 279,459 247,845 


See footnotes at end of table. 
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Country? 


Kazakhstan, primary and secondary 


Kenya, secondary 


Korea, North, primary and secondary“ 
Korea, Republic of: 


Primary 
Secondary" 


Total 


Malaysia, secondary^ ° 
Mexico: 
Primary’ 
Secondary" 
Total 
Morocco:* 
Primary 
Secondary 
Total 


Netherlands, зесопдагу“ 
New Zealand, secondary“ 
Nigeria, secondary” 
Pakistan, secondary 
Peru, primary 
Philippines, secondary? 
Poland:? 
Primary 
Secondary 
Total 
Portugal, secondary" 
Romania: 
Primary 
Secondary 
Total 


Russia, primary and secondary" 
Saudi Arabia, secondary 
Serbia, primary and secondary 


Slovenia, secondary 
South Africa, secondary 


Spain, secondary 
Sweden:? 
Primary 
Secondary 
Total 


Switzerland, secondary 
Taiwan, secondary 
Thailand, secondary 


Turkey, secondary 
Ukraine, secondary* 


United Arab Emirates, secondary“ 2,000 2,000 2,000 2,000 2,000 


TABLE 13—Continued 
LEAD: WORLD REFINERY PRODUCTION, BY COUNTRY? 


(Metric tons) 
2007 2008 
117,641 105,766 
1,000 1,000 
9,000 9,000 
195,022 244,137 
60,000 60,000 
255,022 304,137 
73,000 73,000 
102,000 * 89,838 
110,000 110,000 
212,000 * 199,838 
45,000 45,000 
3,000 3,000 
48,000 48,000 
17,000 17,000 
7,000 9,000 
5,000 5,000 
3,000 3,000 
116,774 114,259 
34,000 34,000 
37,200 38,000 
67,000 70,200 
104,000 108,000 
3,000 3,000 
34,368 ? 34,000 
5,000 5,000 
39,400 39,000 
94,000 80,000 
38,000 38,000 
1,273 5 929 > 
15,000 15,000 
59,000 62,000 
128,000 125,000 
26,000 26,000 
40,000 40,000 
66,000 66,000 
9,000 8,000 
55,000 55,000 
73,159 73,303 
6,000 6,000 
7,000 7,000 


2009 
80,994 
500 
9,000 


216,918 ' 
60,000 
276,918 ' 
70,000 


100,361 
110,000 
210,361 


45,000 
3,000 
48,000 
17,000 
13,000 
5,000 
2,900 
26,599 ' 
40,000 


30,000 
70,400 
100,000 
3,000 


9,000 
5,000 
14,000 
73,000 
38,000 
1,000 * 
14,000 
58,000 ' 
125,000 


26,000 
40,000 
66,000 
8,000 
40,000 
55,504 
6,000 
7,000 


2010 

103,110 
250 * 

9,000 


197,900 * 
60,000 
257,900 ' 
71,000 


110,980 * 
110,000 
220,980 ' 


45,000 
2,500 
47,500 
17,000 
9,000 
5,000 
2,900 


r 


40,000 


40,000 * 

80,000 ' 

120,000 ' 
3,000 


8,000 

3,000 
11,000 
89,000 
38,000 

1,000 € 
14,000 
58,000 


165,000 =° 


26,000 
35,000 
61,000 


r 


35,000 
55,000 ' 
6,000 
7,000 


2011 
111,249 
250 
9,000 


200,000 
60,000 
260,000 
70,000 


111,000 * 
110,000 
221,000 * 


45,000 
2,500 
47,500 
17,000 
9,000 
5,000 
2,000 


40,000 


45,000 
85,000 
130,000 
3,000 


8,000 
3,000 
11,000 
94,000 
38,000 
1,000 * 
14,000 
60,000 * 
172,000 * 


26,000 
35,000 
61,000 
35,000 
71,000 * 
6,000 
7,000 


United Kingdom: 
Primary 119,000 139,000 135,000 150,000 150,000 * 
Secondary 144,000 144,000 144,000 144,000 144,000 * 
Total 263,000 283,000 279,000 294,000 294,000 * 


See footnotes at end of table. 
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TABLE 13—Continued 
LEAD: WORLD REFINERY PRODUCTION, BY COUNTRY"? 


(Metric tons) 
Sor 
Conny  — 1 297 à à 2008 _ 209 00 à = _ 
United States: 

Primary 123,000 135,000 103,000 115,000 118,000 
Secondary 1,180,000 1,140,000 1,110,000 1,140,000 1,130,000 
Total 1,300,000 1,280,000 1,210,000 1,260,000 ' 1,250,000 
Venezuela, secondary" 30,000 30,000 30,000 30,000 30,000 
Zambia, secondary 1,000 1,000 1,000 1,000 1,000 
Grand total: 8,320,000" 8,790,000" 8,930,000* — 9,610,000 * 10,200,000 
Of which: 
Primary 3,660,000 3,980,000 3,860,000 4,240,000 * 4,690,000 
Secondary 4,440,000' 4,620,000 " 4,910,000 € 5,170,000 * 5,270,000 
Undifferentiated 222,000 196,000 164,000 202,000 216,000 


*Estimated. "Preliminary. ‘Revised. -- Zero. 

!World totals, U.S. data, and estimated data are rounded to more than three significant digits; may not add to totals shown. 

2Table includes data available through July 7, 2012. Data included represent the total output of refined lead by each country, 
whether derived from ores and concentrates (primary) or scrap (secondary), and include the lead content of antimonial lead but 
exclude, to the extent possible, simple remelting of scrap. 

3 Inaddition to the countries listed, Colombia, Egypt, E! Salvador, Iraq, and Trinidad and Tobago produced secondary lead, but 
output is not officially reported; available general information is inadequate for the formation of reliable estimates of output levels. 


^Gross weight of primary metal alloys is believed to contain lead. 


Reported figure. 
6 Мега! Reclamation Industries' secondary lead smelter is receiving some primary mine concentratesfrom the Magellan Mine 


(Australia). The ore minerals arelead oxides and can be smelted at a secondary smelter. 
"Includes lead content in antimonial lead. 
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LIME 


By M. Michael Miller 


Domestic survey data and tables were prepared by Martha L. Jackson, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


In 2011, the U.S. economy continued its slow recovery from 
the 2008—09 recession. Lime production in the United States 
was 19.1 million metric tons (Mt) (nearly 21.1 million short 
tons), an increase of 838,000 metric tons (t) (924,000 short tons) 
from that of 2010. The increase was mostly in metallurgical uses 
such as ore concentration and steelmaking. The value of U.S. 
lime production was $2.13 billion (table 1). 

The term lime as used throughout this chapter refers primarily 
to six chemicals produced by the calcination of high-purity 
calcitic or dolomitic limestone followed by hydration where 
necessary. There are two high-calcium forms—high-calcium 
quicklime (calcium oxide, CaO) and high-calcium hydrated lime 
[calcium hydroxide, Ca(OH),]. There are four dolomitic forms— 
dolomitic quicklime (CaO*MgO), dolomitic hydrate type N 
[Ca(OH),*MgO], dolomitic hydrate type S [Ca(OH),*Mg(OH),], 
and refractory dead-burned dolomite (CaO*MgO). The terms 
"type N” and “type S" refer to “Normal hydrated lime" and 
"Special hydrated lime" that are differentiated primarily by the 
compounds’ plasticity (ability to retain water) and oxide content. 
There are also air-entrained versions of these hydrates designated 
as "type NA" and “type SA.” 

At present, all commercially produced lime in the United 
States is manufactured from limestone or dolomite, but lime also 
can be produced from a variety of calcareous materials, such as 
aragonite, chalk, coral, marble, and shell. It also is regenerated 
(produced as a byproduct) by paper mills, carbide plants, and 
water-treatment plants. Regenerated lime, however, is beyond 
the scope of this report. 


Legislation and Government Programs 


In 2009, the U.S. Environmental Protection Agency (EPA) 
published a rule for the mandatory reporting of greenhouse 
gases (GHG) from large GHG emissions sources in the United 
States. Implementation of 40 CFR Part 98 is referred to as the 
Greenhouse Gas Reporting Program (GHGRP). In general, the 
‚ threshold for reporting is 25,000 t or more of carbon dioxide 
(CO,) equivalent per year. In response to a call for information 
and public comments, representatives of the U.S. lime industry 
submitted comments indicating their concerns that the public 
release of some of the required data elements could cause 
competitive harm. Examples of the types of data the industry 
was concerned about were amounts and types of fuel combusted 
each year, heat input capacity of lime kilns, and monthly 
amounts of lime sold. In August, the EPA published a final rule 
deferring reporting of several data elements under the GHGRP, 
until March 2013 in some cases, and March 2015 in others. 
The agency would use the time to make final decisions on 
what types of data would be afforded protection as confidential 
business information (National Lime Association, 2011; U.S. 
Environmental Protection Agency, 2011). 
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Production 


Domestic production data for lime were derived by the 
U.S. Geological Survey (USGS) from a voluntary survey of 
U.S. operations. The survey was sent to primary producers of 
quicklime and hydrate, but in order to avoid double counting, it. 
was not sent to independent hydrators that purchase quicklime 
for hydration. Quantity data were collected for 28 specific and 
general end uses, and value data were collected by type of 
lime, such as high-calcium or dolomitic. Because value data 
were not collected by end use, value data listed in table 3 were 
determined by calculating the average value per metric ton of 
lime sold or used for each respondent and then multiplying that 
figure by the quantity of lime that the respondent reported sold 
or used for each end use. Table 3 lists the total quantity sold 
or used for an end use and the total value of the quicklime and 
hydrate sold or used for that end use calculated as described 
above. A similar methodology using average hydrate values was 
used to calculate the value of hydrate sold and used listed in 
table 4. 

In 2011, of the 85 operations that were canvassed, responses 
were received for 75 plants, representing 94% of the total sold 
or used by producers. Production data for the nonrespondents 
were estimated based on prior-year production figures and 
other information or were included with data reported for other 
operations. 

Lime is a basic chemical that was produced as quicklime in 
29 States and Puerto Rico. During 2011, quicklime was 
produced at 76 lime plants, and included 31 plants with 
collocated hydrating plants. Hydrated lime also was produced at 
15 standalone hydrating facilities, including 3 plants where the 
kilns had been shut down and hydrate was manufactured from 
quicklime produced offsite. These numbers do not necessarily 
agree with the number of plants reported in tables 1 and 2 
because, for data collection purposes, some company operations 
have been combined at the respondent’s request. In a few States 
with no quicklime production, hydrating plants used quicklime 
shipped from other States. There were also a small number of 
slurry plants where lime was converted to liquid form by the 
addition of water prior to sale; this is sometimes called 


milk-of-lime. In addition to stationary slurry plants, there were 


mobile hot lime slurry production systems designed to slake 
quicklime or slurry hydrated lime to the percent solids required 
for each job. States with production exceeding 2 Mt were, in 
descending order, Missouri, Kentucky, and Alabama; States with 
production between 1 and 2 Mt were, in descending order, 
Ohio, Texas, Pennsylvania, and Nevada. 

Total lime sold or used by domestic producers in 2011 
was 19.1 Mt, an increase of nearly 5% compared with that 
of 2010. Production included the commercial sale or captive 
consumption (described by the term “used”) of quicklime, 
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hydrated lime, and dead-burned refractory dolomite. Data 

were incomplete on production of hydrated lime because some 
producers do not report data on downstream hydrating plants. 
Traditionally, most U.S. lime production sold and used is in 

the form of high-calcium quicklime. In 2011, compared with 
the revised figures for 2010, the production of high-calcium 
quicklime and dolomitic quicklime increased by about 

5% and 4%, respectively. High-calcium quicklime production 
totaled 13.9 Mt (15.3 million short tons), and accounted for 
73% of total production. The production of high-calcium 
hydrate increased by 5%. Production of dolomitic hydrate 
continued to be adversely affected by the depressed housing and 
construction markets and decreased by about 4%. Commercial 
sales increased to 17.7 Mt (19.5 million short tons), and captive 
consumption increased to 1.43 Mt (1.58 million short tons). 

Carmeuse Lime & Stone signed an agreement with 
BenchMark Energy Corp. to purchase 75,000 gallons of crude 
glycerin on a weekly basis. Carmeuse planned to use the 
glycerin as a coal additive at its Black River, KY, coal-fired lime 
plant. The addition of the crude glycerin, which is a byproduct 
of biodiesel production, was expected to reduce the emissions of 
hazardous air pollutants resulting from the burning of coal at the 
lime plant (PR Newswire, 2011). 

Mississippi Lime Co. announced the expansion of hydrated 
lime production capacity at its Ste. Genevieve, MO, plant, and 
the installation of a new hydrated lime facility at its Verona, 

KY, lime plant. These expansions were expected to be in full 
operation by the fourth quarter 2011. The Verona plant is 
permitted for a capacity of 150,000 metric tons per year 

(t/yr) (165,000 short tons per year) of hydrated lime. The Verona 
plant is located in the Ohio River Valley close to various utility 
customers. The Ste. Genevieve expansion of about 

250,000 t/yr (275,000 short tons per year) was expected to be 
used to provide hydrated lime to both the chemical industry and 
utility customers. These expansions included new technology 

to manufacture a high performance hydrated lime designed 

for improved sulfur dioxide (SO,), sulfur trioxide (SO,), and 
hydrochloric acid (НСІ) removal at powerplants (Mississippi 

„ 2011). 
ыз м Lime LLC plant in Bonne Terre, 

MO, was acquired by FTL Capital LLC in 2010 and renamed 
Valley Minerals LLC. In 2011, the company announced plans 
to expand its operations and add additional staff. The facility 
specialized in products for the steel industry, most of which 
contain lime, but also some refractory products (St. Louis 
i al, 2011). 
— lime das continued to recover from the 
downturn experienced during the 2008—09 recession, 
der of the plants were idle all or part of 2011. These 
2 2 ded five Lhoist North America plants (Alabaster, AL; 
саай . е ID: Grantsville, UT; and the hydrating 
Douglas, AZ; Tenmile, 1D; i 
d two Carmeuse Lime & Stone plants 
plant at а МА). Some of these plants 
(South Chicago, IL; and Winchester, VA). p 


| t 
-te old and may never reopen, at least in their curren 

are Ly m euse and Lhoist are in the process of replacing some 

iu Ins with new kilns at certain plants, but the capacity of the 

= ан esented only a small part of the total idle capacity 

ne 

of the plants listed above. 
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The list of the top 10 producing U.S. lime companies was 
essentially unchanged from that of 2010, with only a change in 
the number 10 position. At yearend, the top 10 companies were, 
in descending order of U.S. lime production, Carmeuse, Lhoist, 
Graymont Ltd., Mississippi Lime Co., United States Lime & 
Minerals, Inc., Western Lime Corp., Martin Marietta Magnesia 
Specialties LLC, Southern Lime Co., ArcelorMittal USA Inc., 
and Cheney Lime & Cement Co. These companies reported 
production from 41 lime plants and 12 separate hydrating plants 
and accounted for nearly 92% of the combined commercial lime 
sales and 87% of total lime production. 


Consumption 


In 2011, the U.S. economy continued its slow recovery from 
the longest recession since the Great Depression of the 1930s. 
Steelmaking led the recovery in lime consumption recording 
an increase in consumption of nearly 10% compared with that 
of 2010. The approximate breakdown of lime consumption by 
general end-use sectors was as follows: 38% for metallurgical 
uses, 31% for environmental uses, 22% for chemical and 
industrial uses, 8% for construction uses, and 1% for refractory 
dolomite (table 3). These end-use data were based on lime 
sold and used by domestic producers and do not include lime 
imports. Consumption for metallurgical uses continued to be 
the main driving force behind the lime industry’s recovery 
from the downturn experienced during the 2008-09 recession. 
The increase in consumption for metallurgical uses (ferrous 
and nonferrous) accounted for nearly 87% of the total increase 
in lime consumption in 2011. Consumption in the other major 
market sectors—chemical and industrial, construction, and 
environmental—was essentially unchanged compared with that 


of 2010. | 
Commercial sales accounted for 91% of total lime consumption 


and 92% of domestic production. Captive lime accounted for 


the remainder of consumption and was used in the production 
of steel in basic oxygen furnaces (BOF), magnesia production, 
precipitated calcium carbonate production, sugar refining, and 
refractories (dead-burned dolomite). Almost all data on captive 
lime consumption are withheld to avoid disclosing company — 
proprietary information. As a result, table 3 lists the total quantity 
and value of lime by end use. End uses with captive consumption 
are listed in footnote 4 of the table. 

In steel refining, quicklime is used as a flux to remove 
impurities, such as phosphorus, silica, and sulfur. The steel | 
industry accounted for about 31% of lime sold by domestic lime 
companies and the lime produced and used by ArcelorMittal i 
USA from its captive lime plant. The U.S. steel industry is sti 
recovering from the effects of the 2008—09 recession, which : 
resulted in a 36% decrease in steel production in 2009 compare 
with that of 2008. In 2010, demand picked up significantly, 
and steel production increased by 38% compared with that in 
2009. In 2011, the recovery continued, albeit at a slower e 
and steel production increased by 776 (World Steel Association, 
undated). As would be expected, lime consumption (from А 
domestic sources) for steelmaking tracked these e m 
steel production closely, increasing by 39% in 2010 and by 


in 2011. 
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In nonferrous metallurgy, lime is used in the beneficiation of 
copper ores to neutralize the acidic effects of pyrite and other 
iron sulfides and to maintain the proper pH in the flotation 
process. Lime is used to process alumina and magnesia, 
to extract uranium from gold slimes, to recover nickel by 
precipitation, and to control the pH of the sodium cyanide 
solution used to leach gold and silver from the ore. Gold and 
silver are recovered using heap leaching and by conventional 
milling and subsequent leaching of the slurry. The sodium 
cyanide solution dissolves gold from the ore and forms a stable 
gold-cyanide complex, and the gold can then be separated 
through the use of highly activated carbon. Heap leaching 
involves crushing the ore, mixing it with lime for pH control 
and agglomeration, and stacking the ore in heaps on specially 
prepared pads for treatment with cyanide solution. Lime is used 


to maintain the pH of the cyanide solution at a level between 


10 and 11 to maximize the recovery of precious metals and to 
prevent the creation of hydrogen cyanide. Lime consumption 
data for these various uses (aluminum and bauxite processing, 
concentration of copper and gold ores, and unspecified 
nonferrous uses) are combined to avoid disclosing company 
proprietary data and are reported in table 3 under metallurgical, 
nonferrous metallurgy. In 2011, lime consumption in nonferrous 
metallurgy increased by nearly 18% to 1.33 Mt, which brought 
this market sector close to its peak consumption of 1.37 Mt 
reached in 2007 and 2008. Although specific data are not 
collected on lime consumption for copper recovery or for gold 
recovery, they make up a large part of the nonferrous metallurgy 
market. An increase in Nevada gold production (up by 7% 
compared with that of 2010) was likely the leading factor behind 
the increase in this market segment (George, 2012). Copper 
flotation concentrate production, in comparison, decreased by 
about 2% in 2011 (Edelstein, 2012). 

Environmental remediation uses of lime in mining include 
treatment of the tailings that result from the recovery of precious 
metals, such as gold and silver. These tailings may contain 
elevated levels of cyanides, and lime is used to recover cyanides 
in such treatment processes as alkaline chlorination, Caro’s acid 
(H,SO,), Cyanisorb™, and sulfur dioxide/air. 

Lime is used, generally in conjunction with soda ash, for 
softening municipal and plant process water. This precipitation 
process removes bivalent soluble calcium and magnesium 
cations (and to a lesser extent, ferrous iron, manganese, 
strontium, and zinc) that contribute to the hardness of water. 
This process also reduces carbonate alkalinity and total 
dissolved solids. Lime consumption for drinking water treatment 
was essentially unchanged compared with that of 2010. 

In sewage treatment, the traditional role of lime is to 
control pH in the sludge digester, which removes dissolved 
and suspended solids that contain phosphates and nitrogen 
compounds. Lime also aids in clarification and in destroying 
harmful bacteria. The leading use in sewage treatment is 
to stabilize the resulting sewage sludge. Sewage sludge 
stabilization, also called biosolids stabilization, reduces odors, 
pathogens, and putrescibility of the solids. Lime stabilization 
involves mixing quicklime with the sludge to raise the 
temperature and pH of the sludge to minimum levels for a 
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specified period of time. In 2011, lime consumption for all 
sludge treatment increased by 16% compared with that of 2010. 

In FGD systems serving coal-fired powerplants, incinerators 
(most are waste-to-energy powerplants), and industrial plants, 
lime is injected into the flue gas to remove acidic gases, 
particularly SO, and HCI. It also may be used to stabilize the 
resulting sludge before disposal. Many FGD systems at utility 
powerplants are now designed to produce byproduct gypsum 
from the SO, emissions. This byproduct material is suitable 
for use in manufacturing gypsum wallboard, as an additive 
in portland cement, and as a soil amendment in agriculture. 
Hydrated lime may be used in another FGD-related market— 
to control SO, emissions from selective catalytic reduction 
(SCR) systems installed at powerplants to control emissions 
of nitrogen oxides (NOx). Utility powerplants were by far the 
largest consumers of lime for FGD and accounted for 92% 
of the total FGD lime market in 2011. Incinerators, industrial 
boilers, and other FGD uses accounted for the remaining 8%. 
In 2011, lime consumption in all FGD markets increased by 
136,000 t or about 4% compared with that of 2010. All of the 
increased was in the utility powerplants sector. The combined 
consumption by incinerators and industrial boilers was 
unchanged. The use of hydrated lime in FGD treatment in 2011 
increased by 10% to 173,000 t, the majority of which would 
have been used to treat SO, emissions from SCR systems at 
utility powerplants. 

Lime is used by the pulp and paper industry in the basic 
Kraft pulping process where wood chips and an aqueous 
solution (called liquor) of sodium hydroxide and sodium 
sulfide are heated in a digester. The cooked wood chips (pulp) 
are discharged under pressure along with the spent liquor. The 
pulp is screened, washed, and sent directly either to the paper 
machine or to the bleaching plant. Lime is sometimes used to 
produce calcium hypochlorite bleach for bleaching the paper 
pulp. The spent liquor is processed through a recovery furnace, 
where dissolved organics are burned to recover waste heat, 
sodium sulfide, and sodium carbonate. The recovered sodium 
sulfide and sodium carbonate are diluted with water and then 
treated with slaked lime to recausticize the sodium carbonate 
into sodium hydroxide (caustic soda) for reuse. The byproduct 
calcium carbonate is recalcined in a lime kiln to recover lime 
for reuse. The paper industry also uses lime as a coagulant aid 
in the clarification of plant process water. In 2011, consumption 
for pulp and paper production increased by 12% compared with 
that of 2010. 

Lime is used to make precipitated calcium carbonate (PCC), 
a specialty filler used in premium-quality coated and uncoated 
papers, paint, and plastics. The most common PCC production 
process used in the United States is the carbonation process. 
Carbon dioxide is bubbled through milk-of-lime to form 
a precipitate of calcium carbonate and water. The reaction 
conditions determine the size and shape of the resulting PCC 
crystals. Lime used for PCC production decreased by 10% 
compared with that of 2010. 

The chemical industry uses lime in the manufacture of alkalis. 
Quicklime is combined with coke to produce calcium carbide, 
which is used to make acetylene and calcium cyanide. Lime is 
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used to make calcium hypochlorite, citric acid, petrochemicals, 
and other chemicals. 

In sugar refining, milk-of-lime is used to raise the pH of the 
product stream, precipitating colloidal impurities. The lime itself 
is then removed by reaction with CO, to precipitate calcium 
carbonate. 

In road paving, hydrated lime is used in hot mix asphalt to 
act as an antistripping agent. Stripping 1s generally defined as a 
loss of adhesion between the aggregate surface and the asphalt 
cement binder in the presence of moisture. Lime also is used 
in cold in-place recycling for the rehabilitation of distressed 
asphalt pavements. Existing asphalt pavement is pulverized 
using a milling machine, and a hot lime slurry is added along 
with asphalt emulsion. The cold recycled mix is placed and 
compacted by conventional paving equipment, which produces 
a smooth base course for the new asphalt surface. In 2011, sales 
of lime for use in asphalt were essentially unchanged compared 
with the revised figures for 2010. 

In construction, hydrated lime and quicklime are used 
to stabilize fine-grained soils іп place of materials that are 
employed as subbases, such as hydraulic clay fills or otherwise 
poor-quality clay and silty materials obtained from cuts or 
borrow pits. Lime also is used in base stabilization, which 
includes upgrading the strength and consistency properties of 
aggregates that may be judged unusable or marginal without 
stabilization. Common applications for lime stabilization 
included the construction of airfields, building foundations, 
earthen dams, parking areas, and roads. 

Lime sales for soil stabilization tend to be cyclical, especially 
in large market areas, such as Texas. In soil stabilization, lime 
competes with cement, cement kiln dust, fly ash, and other 
additives (liquid enzymes, for example). Choices made by 
consumers can depend on availability, price, contract specifications, 
soil chemistry, and State and Federal funding in the case of 
highway construction projects. Revisions were made to some 
estimates used in the 2010 data for lime used for soil stabilization, 
which increased the 2010 total to 1.02 Mt (compared with the 
original figure of 983,000 t). In 2011, the soil stabilization market 
continued to be adversely affected by the slow recovery from the 
recession and by reduced highway spending at the State level. Lime 
consumed for soil stabilization in 2011 was essentially unchanged 
compared with the revised 2010 figure. o 

Hydrated lime is used in the traditional building sector 
in mortars, plaster, and stucco. Standard cement mortars 
that include lime exhibit superior workability balanced 
with appropriate compressive strength, as well as low water 
permeability and superior bond strength. Lime is a major 
constituent in exterior and interior plasters and stuccos, 
enhancing the durability, strength, and workability of these 
finishes. A small amount of hydrated lime also is used in the 
renovation of old structures built with lime mortars, which was 
standard before the development of portland cement mortars. 

dern portland cement mortars are incompatible with old lime 
ipo Hydrated lime also is used to make synthetic hydraulic 
sage НЕ is produced by blending powdered hydrated lime 
ш :zed lanic or hydraulic materials. 
with pulverize dict data on construction 

The U.S. Census Bureau collects a 5s ae, 
spending for residential construction and 1 
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of nonresidential construction. The annual total value of 
construction decreased by less than 2% compared with that of 
2010 (U.S. Census Bureau, 2012). Most lime sold for traditional 
building uses is in the form of hydrate (200,000 t of hydrate out 
of 211,000 t of total lime in 2011). In 2011, sales of lime for 
traditional building uses decreased by 9% compared with those 
of 2010. Most of the lime sold for building uses was produced at 
a few plants in Nevada, Ohio, Texas, and Wisconsin. 

A new use for hydrated lime that has been undergoing 
experiments and field trials is its use as an additive to corn 
stover (the stalk, leaf, cob and husk remaining in the field 
following the harvest) to produce a cattle feed that can replace 
a substantial portion of the grain normally fed to cattle. The 
hydrated lime makes the corn stover digestible by the cattle 
after the treated stover was combined with wet distillers grains 
and solubles. Wet distiller grains is a byproduct of corn ethanol 
production and is rich in protein. Researchers thought this 
product could constitute 25% of cattle feed rations 
(Archer Daniels Midland Co., 2011). 

Dead-burned dolomite, also called refractory lime, is used 
as a component in tar-bonded refractory brick or monolithics 
manufactured for use in BOF. Refractory brick also is used in 
the lining of many treatment and casting ladles, in argon-oxygen 
decarburization and vacuum-oxygen decarburization converters, 
in electric arc furnaces (EAF), and in continuous steel casting. 
The data reported in this chapter were rounded to one significant 
figure to avoid disclosing company proprietary data: unrounded 
data showed that the production of dead-burned dolomite increased 
by 7% compared with that of 2010. Magnesita Refractories 
Co. (formerly LWB Refractories Co.) at its York, PA, plant and 
Carmeuse at its Millersville, OH, plant were the only significant 
dead-burned dolomite producers. Although dead-burned dolomite 
is the primary form of lime used in refractories, hydrated lime may 
be used to produce silica refractory brick used to line industrial 
furnaces. 


Prices 


The average values per ton for the various types of lime are 
listed in table 5. All value data for lime are reported by type of 
lime produced—high-calcium quicklime, high-calcium hydrate, 
dolomitic quicklime, and dolomitic hydrate. To avoid revealing 
company proprietary data, value data for dead-burned dolomite 
are included with the averages for all types. | 

Most of the lime price figures for 2010 were revised, mainly 
as a result of correcting administrative errors in the dolomitic 
quicklime sales data. All lime prices increased in 2011, ще 
with the revised figures for 2010. The increases ranged from abou 
$4 to $5 per metric ton for quicklime sold to about $3 to $7 йт, 
ton for hydrate sold. The following average values are compare 
with those of 2010. The average value for all types of lime sold 
increased by 4% to $110.10 per ton ($99.90 per short ton). The | 
average value for high-calcium quicklime sold increased by ж у 
4% to $104.70 per ton ($95.00 per short ton). The average js - 
for dolomitic quicklime sold increased by more than 4% 10 е u 
per ton ($106.80 per short ton). The average value of Неа C 
hydrate increased by nearly 676 to $129.80 per ton ($117. 
per short ton), while the average value of dolomitic hydrate 
increased slightly to $142.20 per ton ($129.00 per short ton). 
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Foreign Trade 


The United States exported and imported calcined dolomite 
(dolomitic lime), hydrated lime (slaked lime), hydraulic lime, 
and quicklime. Combined exports of lime were 231,000 t 
(254,000 short tons) valued at $40.1 million. About 85% of 
exports went to Canada, with the most of the remaining exports 
going to Russia (7%) and Mexico (4%) (table 6). 

Combined imports of lime were 512,000 t (564,000 short tons) 
valued at $69.9 million, with more than 94% from Canada, 

5% from Mexico, and 1% from other countries (table 7). Canada 
provided almost all imports of high-calcium and dolomitic 
quicklime and accounted for 99% of the total of each. Imports 
of hydrated lime came mostly from Canada (54%) and Mexico 
(44%). 

No tariffs are placed on imports of hydraulic lime, quicklime, 
and slaked lime from countries with normal trade relations 
(NTR) with the United States. A 3% ad valorem tariff is placed 
on imports of calcined dolomite from NTR countries. 


World Review 


Lime is not a commodity that is traded internationally. 
Traditionally, lime has been a low-value bulk product that could 
not be shipped long distances and compete with lime produced 
locally. Most countries have limestone or dolomite deposits 
and, as a result, are able to manufacture lime for their own 
consumption. There may be some trade between countries on 
a regional basis where distances are not too great, such as in 
the European Union, or to supply lime products of quality not 
locally available. | 

With the exception of some industrialized nations, accurate 
lime production data for individual countries are difficult to 
obtain. Besides production by large commercial lime companies, 
lime is produced by small-scale manufacturers operating simple 
kilns to supply individual villages and by industries producing 
lime for internal consumption. These variations and the frequent 
confusion with limestone data make accurate collection of 
international lime data difficult and certainly incomplete. 

In some cases, lime sales data have been used to estimate 
country production figures. Beginning in 2006, major revisions 
were made to the annual estimates for China based on new 
information. Beginning in 2009, major revisions were made to 
annual estimates for India, based on steel production and other 
market assumptions (table 8). 

The following is a sampling of some of the lime projects 
constructed in 2011 in various countries around the world. 

Bulgaria.—Bulgaria’s leading lime producer Ognyanovo K 
AD, a member of Plena Group LLC (Luxembourg), announced 
that its new kiln producing high-reactivity quicklime began 
production in January 2011. The new kiln was designed to 
produce up to 200 metric tons per day (t/d) of quicklime 
containing 94% CaO. In 2011, Ognyanovo K was the leading 
lime and limestone company in Bulgaria with annual sales 
of approximately 150,000 t of lime and more than | Mt of 
limestone. The company’s network of customers extends 
throughout Bulgaria and into Greece, Macedonia, and Serbia. 
Ognyanovo K operated two lime and limestone operations in 
Bulgaria at Puklina and Ognyanovo and was installing another 
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new lime kiln, which was scheduled to start in early 2012 
(Ognyanovo K AD, 2011; Plena Group LLC, 2011). 
Israel.—Negev Industrial Minerals Ltd. (Omer) started 
production from its new Maerz Ofenbau AG parallel flow 
regenerative shaft kiln (PFR kiln) at its Mishor Totem plant. 
This type of kiln has two vertical shafts connected to each 
other by a crossover channel. This allows for calcination of 
the limestone feedstock in one shaft with the simultaneous 
preheating of the feedstock in the second shaft using the mixture 
of combustion gases and cooling air from the other shaft. The 
new kiln has a capacity of 300 t/d and can be fueled using either 
100% natural gas, 100% heavy fuel oil, or a mixture of biogas 
and heavy fuel oil (Maerz Ofenbau AG, 201 1a, p. 4). 
Morocco.—Lafarge Calcinor Maroc S.A.S. (Casablanca) 
started operation of its new Maerz PFR kiln at its Tlad Loulad 
plant. Lafarge Calcinor Maroc is a joint venture of Lafarge S.A. 
(Paris, France) and the Calcinor Group (Spain). The new kiln was 
designed to produce about 250 t/d of quicklime using pulverized 
petroleum coke as fuel (Maerz Ofenbau AG, 2011b, p. 3). 
Russia.—Lhoist Group (Ottignies-Louvain-la-Neuve, 
Belgium) and OAO TMK (Moscow) announced plans for a joint 
venture to construct a plant in the Sverdlovsk Region to produce 
lime and associated products. Lhoist is a leading lime producer 
with a large presence in Europe and North America. TMK is a 
leading producer of pipe for the oil and gas industry in Russia 
and worldwide. Limestone would be sourced from the 
Yuzhno-Mikhailovsky limestone deposit, and the project would 
provide lime and limestone for steel production needed for 
TMK’s pipe production and for other industries in the region. 
Lhoist would hold a 70% stake in the joint venture and TMK the 
remaining 30%. No information on the size or capacity of the 
operation was released (Watts, 2011). 
Saudi Arabia.—Saudi Sand Lime Bricks & Building 
Materials Co. (Riyadh) began lime production in 2011 from 
its new Maerz annular shaft kiln. The new kiln was added 
to the company's Riyadh plant, which produced soft-burned 
(highly reactive) lime for the steel and building industries and a 
medium-burned lime for use in sand lime bricks. The new kiln 
has a capacity of 200 t/d (Maerz Ofenbau AG, 2011c, p. 2-3). 
Vietnam.—Linh Thanh Quang Binh Exploiting and 
Processing High Calcium Carbonate Powder Joint Stock 
Company (LTG Lime) installed a lime and PCC plant in Dong 
Hoi City. The combined plant was supplied by Terruzi Fercalx 
Spa (Milan, Italy) and was designed as a continuous system to 
produce lime, recover carbon dioxide, and manufacture PCC 
(Industrial Minerals, 2010). 


Outlook 


The U.S. lime industry has recovered to a large degree from 
the 2008—09 recession, although production in 2011 was still 
about 2 Mt below the industry's peak year of 2006. The Nation's 
economic recovery has been slower than past recoveries, but 
according to the Federal Reserve Board, economic growth 
appeared poised to continue at a moderate pace. However, 
concerns remain about developments in Europe, U.S. fiscal 
policy, and the strength and sustainability of the economic 
recovery. In particular, the crisis in Europe has affected the 
U.S. economy by acting as a drag on U.S. exports, weighing on 
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business and consumer confidence, and adversely pressuring 
U.S. financial markets and institutions (Bernanke, 2012). 
Barring a major financial crisis in Europe, according to some 
analysts, the economy is expected to show more improvement 
in 2013. Other analysts are more negative, however, citing 
domestic economic and political problems combined with the 
financial troubles in Europe and a slowdown in China suggest 
that the United States is at risk of another recession. Market 
sectors such as chemical and industrial and metallurgical should 
track the economy. The traditional building market also depends 
on the health of the economy but will continue to lag until the 
housing market recovers. Lime sales as a whole should improve 
with improvements in the overall economy. 

More problematic are the effects of certain fundamental 
changes in the FGD market. FGD, mostly from coal-burning 
powerplants, is the second leading end-use market for lime. 
With the recent boom in natural gas exploration, large increases 
in natural gas reserves, and natural gas prices falling, U.S. 
electric utilities have quickly shifted their fuel use. Utilities 
are aggressively shifting from the use of coal to natural gas, 
which has become substantially less expensive as supplies have 
increased. Natural gas also has the advantage of emitting fewer 
pollutants than coal and, as a result, makes it easier for the 
power industry to acquire the necessary air pollution permits to 
construct new powerplants or expand existing ones. Applying 
additional pressure on coal are recent environmental regulations 
enacted by the EPA that tightened limits on powerplant 
emissions of SO, and nitrogen dioxide (cross-state air pollution 
rule) and placed new limits on mercury emissions (mercury 
and air toxics standards). According to an Associated Press 
survey of powerplant operators conducted in late 2011, these 
new regulations alone were expected to result in the shutdown 
of at least 32, and possibly as many as 68, of the most polluting 
coal-fired powerplants in the country during the next 3 years as 
the rules go into effect. Coal had a 50% share of the electricity 
generation market 4 years ago, but it is forecast to fall below 
40% in 2012—the lowest level since the Government began 
collecting these data in 1949. By the end of this decade, it 
is likely to be close to 30% (Fahey, 2012). The overall FGD 
market in 2011 was about 4 Mt, but this is expected to decrease 
in the future as a result of fuel switching at powerplants 
and the likely shutdown of some coal-fired powerplants for 


environmental reasons. 
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SALIENT LIME STATISTICS!” 


United States? 
Number of plants‘ 
Sold or used by producers: 
Quicklime: 
High-calcium thousand metric tons 
Dolomitic do. 
Total do. 
Hydrated lime: 
High-calcium do. 
Dolomitic do. 
Total do. 
Dead-burned dolomite’ do. 
Grand total: 
Quantity do. 
Value? thousand dollars 
Average value dollars per metric ton 
Lime sold by producers: 
Quicklime thousand metric tons 
Hydrated lime do. 
Total do. 
Value thousand dollars 
Lime used by producers thousand metric tons 
Value thousand dollars 
Exports:' 
Quantity thousand metric tons 
Value thousand dollars 


Imports for consumption:’ 
Quantity thousand metric tons 


Value thousand dollars 
Consumption, apparent? thousand metric tons 
World, production do. 


“Estimated. ‘Revised. do. Ditto. 


1,950,000 ' 2,130,000 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
2То convert metric tons to short tons, multiply metric tons by 1.102. 


Excludes regenerated lime; includes Puerto Rico. 


*Includes most producer-owned hydrating plants not located at lime plants. 
?Data are rounded to no more than one significant digit to avoid disclosing company proprietary data. 


$Selling value, free on board plant. 
"Source: U.S. Census Bureau. 
*Defined as sold or used plus imports minus exports. 
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TABLE 2 


LIME SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE"? 


"Revised. -- Zero. 
‘Excludes regenerated lime. 


?Data are rounded to no more than three significant digits; may not add to totals shown. 


*Includes most producer-owned hydrating plants not located at lime plants. 


“То convert metric tons to short tons, multiply metric tons by 1.102. 


“Includes dead-burned dolomite. 


éWithheld to avoid disclosing company proprietary data; included in “Quicklime.” 
"Includes Arkansas, Florida, Georgia, Louisiana, Massachusetts, Minnesota, North Dakota, Oklahoma, Puerto Rico, 


and Virginia. 


Hydrated Quicklime? Total 
(thousand (thousand (thousand Value 
2010: 
Alabama 6 153 2,000 2,150 $239,000 
Arizona, Colorado, Montana, Nevada, 

New Mexico, Utah, Wyoming 14 189 2,330 2,510 273,000 ' 
California, Idaho, Oregon, Washington 9 52 212 264 39,700 
Indiana, Missouri 5 401 3,140 3,540 361,000 
Iowa, Nebraska, South Dakota 3 (6) 354 354 35,700 
Kentucky, Tennessee, West Virginia 6 112 2,490 2,600 235,000 
Michigan 6 -- 465 465 49,200 
Ohio 5 79 1,530 1,610 189,000 ' 
Pennsylvania 4 179 926 1,110 145,000 
Texas 5 553 730 1,280 136,000 
Wisconsin 4 150 716 867 € 81,200 
Other’ 18' 236 1,270 € 1,5107 172,000 ' 

Total 85 2,100 16,200 18,300 1,950,000 ' 

2011: 
Alabama 6 141 2,040 2,180 255,000 
Arizona, Colorado, Montana, Nevada, 

Utah, Wyoming 14 193 2,480 2,670 304,000 
California, Idaho, Oregon, Washington 9 57 213 270 43,700 
Indiana, Missouri 5 428 3,150 3,580 373,000 
Kentucky, Tennessee, West Virginia 7 115 2,690 2,800 262,000 
Michigan 6 -- 518 518 56,500 
Ohio 6 81 1,650 1,730 208,000 
Pennsylvania 4 178 976 1,150 156,000 
Texas 5 600 745 1,350 148,000 
Wisconsin 4 146 793 939 95,900 
Other! 21 302 1,610 1,920 226,000 

Total 87 2,240 16,900 19,100 2,130,000 


8Includes Arkansas, Florida, Georgia, Iowa, Louisiana, Massachusetts, Minnesota, Nebraska, North Dakota, Oklahoma, 


Puerto Rico, South Dakota, and Virginia. 
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TABLE 3 
LIME SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE” 


(Thousand metric tons? and thousand dollars) 


‘Excludes regenerated lime. Includes Puerto Rico. 
?Data are rounded to no more than three significant digits; may not add to totals shown. 


ЗТо convert metric tons to short tons, multiply metric tons by 1.102. 


2010 2011 
Use Quantity" Value^? Quantity“ Value? 
Chemical and industrial: 
Fertilizer, aglime and fertilizer 52 5,570 45 5,020 
Glass 181 19,400 167 18,600 
Paper and pulp 843 90,200 945 105,000 
Precipitated calcium carbonate 1,010 108,000 905 101,000 
Sugar refining 671 71,800 686 76,500 
Other chemical and industrial 1,420 152,000 1,460 162,000 
Total 4,170 447,000 4,200 469,000 
Metallurgical: 
Steel and iron: 
Basic oxygen furnaces 2,430 260,000 2,560 286,000 
Electric arc furnaces 2,670 286,000 3,010 335,000 
Other steel and iron 212 22,700 263 29,300 
Total 5,310 568,000 5,840 651,000 
Nonferrous metallurgy’ 1,130 121,000 1,330 149,000 
Total metallurgical 6,440 690,000 7,170 799,000 
Construction: 
Asphalt 262 : 28,000 265 29,500 
Building uses 230 24,600 211 23,500 
Soil stabilization 1,020 "€ 109,000 1,010 112,000 
Other construction 39 4,170 52 5,800 
Total 1,550 166,000 1,540 171,000 
Environmental: 
Flue gas desulfurization (FGD): 
Utility powerplants 3,520 376,000 3,650 407,000 
Incinerators 227 24,300 212 23,600 
Industrial boilers and other FGD 70 7,490 86 9,590 
Total 3,820 408,000 3,950 440,000 
Sludge treatment: 
Sewage 110 11,800 104 11,600 
Other, industrial and hazardous 85 9,100 122 13,600 
Total 195 20,900 227 25,200 
Water treatment: 
Acid-mine drainage 90 9,630 120 13,400 
Drinking water 911 97,500 913 102,000 
Wastewater 649 69,500 530 59,100 
Total 1,650 177,000 1,560 174,000 
Other environmental 226 24,200 224 25,000 
Total environmental 5,890 630,000 5,970 665,000 
Refractories (dead-burned dolomite) 200 3 22,600 ? 200 5 25,600 ? 
Grand total 18,300 1,950,000 19,100 2,130,000 
* "Revised. 


“Quantity includes lime sold and used, where “used” denotes lime produced for internal 
company use for basic oxygen furnaces, magnesia, paper and pulp, precipitated calcium 


carbonate, refractories, and sugar refining. 


`The U.S. Geological Survey does not collect value data by end use; the values shown are 


derived from average lime values. 


Мау include alkalis, calcium carbide and cyanamide, calcium hypochlorite, citric acid, food 
(animal or human), oil and grease, oil well drilling, petrochemicals, tanning, and other uses. 
Magnesia is included here to avoid disclosing proprietary data. 

"Includes aluminum and bauxite, magnesium, ore concentration (copper and gold), and other 
nonferrous uses. 

Зраја are rounded to no more than one significant digit to avoid disclosing company 
proprietary data. 

?Value was derived from an average lime value per metric ton rather than a specific average 
value per metric ton of dead-burned dolomite. 
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TABLE 4 
HYDRATED LIME SOLD OR USED IN THE UNITED STATES, BY END USE”? 


(Thousand metric tons’ and thousand dollars) 


2010 2011 
Use Quantit/ Value Quantity? Value’ 
Chemical and industrial 539 67,200 582 83,000 
Construction: 
Asphalt 239" 29,800: 236 30,900 
Building uses 220 27,400 200 26,200 
Soil stabilization 401" 50,000" 423 55,400 
Other construction 10 1,250 14 1,830 
Total 869" 108,000 874 114,000 
Environmental: 
Flue gas desulfurization (FGD): 
Utility powerplants 157 19,600 173 22,600 
Incinerators 31 3,870 € 31 4,060 
Industrial boilers and other FGD 24° 2,990 ' 31 4,060 
Total 212" 26,400: 235 30,800 
Sludge treatment: 
Sewage 16 2,000 * 19 2,490 
Other sludge treatment 30 3,740 30 3,930 
Total 46 5,740 ' 49 6,410 
Water treatment: 
Acid-mine drainage 45 5,610 68 8,900 
Drinking water 140 17,500 149 19,500 
Wastewater 186 23,200 179 23,400 
Total 37] 46,300 ' 396 51,800 
Other environmental 72 8,980 ' 64 8,380 
Metallurgy 43 5,360 41 5,370 
Grand total 2,150 268,000 2,240 300,000 
‘Revised. 


'Excludes regenerated lime. Includes Puerto Rico. 

?Data are rounded to no more than three significant digits; may not add to totals 
shown. 

To convert metric tons to short tons, multiply metric tons by 1.102. 

“Quantity includes hydrated lime sold and used, where “used” denotes lime produced 
for internal company use in building, chemical and industrial, and metallurgical 
sectors. 

"The U.S. Geological Survey does not collect value data by end use; the values shown 
are derived from an average value per metric ton of hydrated lime. 
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Type 
Sold and used: 
Quicklime 
Hydrate 
Average all types? 
Sold: 
High-calcium quicklime 
Dolomitic quicklime 
Average quicklime 
High-calcium hydrate 
Dolomitic hydrate 
Average hydrate 


"Revised. 


' Average value per ton, on a free-on-board-plant basis, including cost of containers. 


TABLE 5 


LIME PRICES! 
2010 
Dollars per Dollars per 
metricton short ton? 
103.70 € 94.10 € 
124.70 * 113.10 ° 
107.00 " 97.10 € 
100.80 “ 91.40 ' 
113.00! 102.50 € 
102.70 € 93.20 € 
122.80 € 111.40 € 
139.30 126.40 € 
124.60 113.00 


"Unit values in metric and short tons were rounded independently. 
*Includes dead-burned dolomite. 


Type 
Calcined dolomite: 
Canada 
Colombia 
Germany 
Mexico 
Other 
Total 
Hydraulic lime: 
Bahamas, The 
Canada 
Vietnam 
Other 
Total 
Quicklime: 
Canada 
Costa Rica 
Mexico 
Russia 
Other 
Total 
Slaked lime, hydrate: 
Angola 
Canada 
Nigeria 
Other 
Total 
Grand total 
-- Zero. 


TABLE 6 
U.S. EXPORTS OF LIME, BY TYPE! 


(Metric tons and dollars) 
2010 
Quantity’ Value? 

57,300 . 10,000,000 
317 108,000 
1,080 295,000 
34 7,570 
296 136,000 
59,100 — 10,600,000 
123 30,100 
3,640 757,000 
165 411,000 
3,930 1,200,000 
109,000 14,900,000 
662 212,000 
8,490 982,000 
13,400 3,000,000 
675 805,000 
132,000 — 19,900,000 
884 505,000 
18,300 3,550,000 
304 127,000 
373 356,000 
19,900 4,540,000 
215,000 36,200,000 


2011 
Dollars per Dollars рег 
metric ton short ton? 
107.90 97.90 
130.90 118.70 
111.50 101.10 
104.70 95.00 
117.80 106.80 
106.80 96.90 
129.80 117.80 
142.20 129.00 
131.10 118.90 


99.90 


Average all types” 105.80 ' 96.00 ' 110.10 


2011 

Quanti Value? 
51,400 9,530,000 
57 50,900 
3,140 649,000 
216 52,300 
1,250 489,000 
56,100 10,800,000 
141 26,600 
7,340 1,860,000 
161 29,000 
178 124,000 
7,820 2,030,000 
121,000 16,800,000 
136 42,600 
8,870 976,000 
15,300 4,590,000 
2,140 933,000 
148,000 — 23,300,000 
371 152,000 
16,300 3,070,000 
389 118,000 
1,930 665,000 
19,000 4,000,000 
231,000 40,100,000 


'Data are rounded to no more than three significant digits; may not add to 


totals shown. 


?To convert metric tons to short tons, multiply metric tons by 1.102. 


Declared free alongside ship valuation. 


Source: U.S. Census Bureau. 
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ТАВГЕ 7 


U.S. IMPORTS FOR CONSUMPTION OF LIME, BY TYPE! 


(Metric tons and dollars) 


Type 
Calcined dolomite: 
Canada 
Mexico 
Other 
Total 
Hydraulic lime: 
Canada 
France 
Other 
Total 
Quicklime: 
Canada 
Colombia 
Mexico 
Other 
Total 
Canada 
Mexico 
Other 
Total 
Grand total 
-- Zero. 


2010 2011 
Quanti Value? ti Value? 


29,600 4,580,000 67,900 10,500,000 


13,200 4,470,000 | 5,330 
409 292,000 203 184,000 
43,200 9,340,000 68,100 — 10,700,000 
31 3,770 104 13,800 
240 127,000 71 39,000 
43 23,900 — = 
314 155,000 175 52,900 


340,000 42,400,000 386,000 49,400,000 
2,010 255,000 -- — 
4,680 569,000 2,040 390,000 

873 482,000 744 474,000 


348,000 43,700,000 388,000 50,300,000 


31,500 4,250,000 29,500 3,930,000 
21,700 3,410,000 24,200 4,030,000 
909 728,000 1,470 947,000 
54,000 8,390,000 55,100 8,910,000 
445,000 — 61,500,000 512,000 _ 69,900,000 


!Data are rounded to no more than three significant digits; may not add to 


totals shown. 


2To convert metric tons to short tons, multiply metric tons by 1.102. 
3Declared cost, insurance, and freight valuation. 


Source: U.S. Census Bureau. 
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(Thousand metric tons) 
Coun 2007 
Australia" 1,600 
Austria 491 
Begum*" —————— —  ____ _________ 2,400 
Bosnia and Herzegovina 237 
Brazil" 7,393 5 
Bulgaria" 1,443 
Canada 2,134 
Chile* 840 
China* 170,000 
Croatia" * 572 
Czech Republic 1,277 
Egypt? 1,000 > 
Finland" 517 > 
Егапсе“ * 4,000 
Germany 7,218 
Hungary" 500 
India* 12,000 
Tran‘ 2,600 
Israel 282 
Italy” ^ 6,000 
Jamaica 277 
Japan, quicklime only 9,359 
Kazakhstan 1,023 
Korea, Republic of 3,900 
Malaysia" 1,300 
Mexico* * 6,200 
Peru* 216: 
Poland 2,143 
Romania* 2,000 
Russia" 8,200 
Saudi Arabia‘ 400 
Serbia 320 
Slovakia 1,123 
Slovenia" 1,500 
South Africa, burnt lime sales 1,599 
Spain® * 2,000 
Sweden* 780 
Taiwan" 470 
Thailand? 800 
Tunisia 395 
Turkey? ^ 4,000 
Ukraine 5,688 
United Kingdom" 2,000 
United States, including Puerto Rico 20,200 
Venezuela* 400 
Vietnam 1,438 
Zambia* 165 
Other* 1,630 ' 
Total 302,000 " 


"Estimated. PPreliminary. 'Revised. МА Not available. 


TABLE 8 
QUICKLIME AND HYDRATED LIME, INCLUDING DEAD-BURNED DOLOMITE: WORLD PRODUCTION, BY COUNTRY"? 


2008 
2,200 
612 
2,300 
216 
7,400 
1,422 
2,069 
820 
180,000 
541 
1,150 
1,000 ? 
482 5 
4,000 
7,313 
500 
13,000 
2,700 
481 
5,900 ' 
313 
9,528 
906 
4,000 
900 
6,000 
216° 
1,952 
2,000 
8,200 
400 
292 
1,082 
1,500 
1,593 
2,000 
750 
450 
800 
369 
4,000 
5,128 
1,500 
19,900 
400 
1,619 
135 
1,760 ' 
312,000 € 


2009 
2,000 
507 
2,000 
281 
7,000 * 
950 
1,601 
790 
185,000 
415 
1,000 
800 
500 
3,500 
5,945 ' 
500 
13,000 
2,600 * 
429 
5,400 ' 
300 
6,746 
798 
МА ' 
800 
6,200 ' 
216 ' 
1,716 
1,600 
7,000 
400 
251 
867 
1,500 
1,375 
2,000 
600 
450 
750 
366 
3,800 
4,101 
1,500 
15,800 
400 
1,584 ' 
134 ' 
1,650 " 


297,000 


2010 
2,000 
517 ' 
2,000 
339 € 
7,400 * 
1,309 ' 
1,913 т 
790 ' 


190,000 


415 
1,100 * 
800 
475 
3,800 ' 
6,856 ' 
500 

14,000 
2,700 
658 € 
6,000 
300 * 
8,547: 
881 ' 
МА ' 
900 
6,400 ' 
216 
1,799 ' 
2,000 
8,000 
400 
239 € 
900 
1,500 
1,286 
2,200 
700 
450 
750 
370 
4,300 
4,220 
1,500 
18,300 
400 
1,454 € 
170 * 
1,650 € 


313,000 € 


2011" 
2,000 

520 
2,000 

340 
7,700 
1,300 


1,959 2:5 


800 
200,000 
415 
1,000 
800 
475 
3,900 
7,000 
500 
15,000 
2,800 
660 
6,200 
300 
9,000 


958 ? 


3,900 
1,000 
6,400 
216 
1,800 
2,000 
8,200 
400 
240 
900 
1,200 
1,400 
2,100 
700 
450 
750 
350 
4,500 
4,253 
1,500 
19,100 
400 
1,600 
180 
1,620 
331,000 


! World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


*Table includes data available through April 12, 2012. 


?In addition to the countries listed, Argentina, Chad, Iraq, Nigeria, Pakistan, Syria, and several other nations produce lime, but output 
data are not reported; available general information is inadequate to formulate reliable estimates of output levels. 


*Production estimate based on sales only; data may be incomplete. 
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TABLE 8—Continued 
QUICKLIME AND HYDRATED LIME, INCLUDING DEAD-BURNED DOLOMITE: WORLD PRODUCTION, BY COUNTRY"? 


рии пи ибо 


‘Reported figure. 
"Includes hydraulic lime. 
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LITHIUM 


By Brian W. Jaskula 


Domestic survey data and tables were prepared by Mahbood Mahdavi, statistical assistant, and the world production table 


was prepared by Lisa D. Miller, international data coordinator. 


In 2011, lithium consumption in the United States was 
estimated to be 2,000 metric tons (t) of contained lithium, 

82% greater than the consumption in 2010 and 54% greater 
than that in 2009. Increased U.S. consumption was primarily 
the result of improving market conditions for lithium-based 
products in the United States. Downstream lithium compound 
producers also may have built up their inventories of lithium 
materials. Imports of lithium compounds into the United 

States in 2011 increased nearly to levels seen before the 
economic downturn that started in late 2008. Exports of lithium 
compounds were less than those of 2010 but also remained close 
to levels seen before the economic downturn. Lithium carbonate 
consumed in industrial applications and used as a raw material 
for other lithium compounds in the United States was produced 
at a domestic brine operation in Nevada and imported from 
Argentina and Chile. 

Lithium historically has been mined from two distinct 
sources—continental brines and hard rock ore. Chile was the 
world’s leading producer of lithium carbonate, with production 
from two lithium brine operations on the Salar de Atacama in 
the Andes Mountains. Concentrated brines were processed at 
two lithium carbonate plants in Antofagasta, on the Chilean 
coast. In the United States, production continued at a lithium 
brine operation with associated lithium carbonate and lithium 
hydroxide plants in Silver Peak, NV. Lithium carbonate and 
lithium chloride also were produced from brines from the Salar 
del Hombre Muerto in the Andes Mountains in Argentina. 

In China, lithium carbonate was produced from brines from 
the Zabayu Salt Lake in western Tibet and Кот the Dongtai 
and Xitai Salt Lakes in Qinghai Province. China was the only 
country that produced large quantities of lithium carbonate from 
concentrates, mostly from imported Australian spodumene. А 
large percentage of the lithium carbonate produced in South 
America was exported to the United States for consumption in 
industrial applications and as feed material for the production 
of downstream inorganic lithium compounds such as lithium 
hydroxide monohydrate and lithium metal, and organic lithium 
compounds. Australia was, by far, the leading producer of 
lithium mineral concentrates, and Brazil, China, Portugal, and 
Zimbabwe also produced significant quantities. 

Worldwide lithium resource exploration (led predominantly 
by Australian and Canadian startup companies) increased 
significantly in recent years. The continental brine and clay 
resources of Nevada and geothermal brines of California were 
a major focus of exploration in the United States, as were the 
pegmatite and oil brine resources of Canada, and the pegmatite 
resources of Australia. Additionally, Argentina, Bolivia, and 
Chile saw significant exploration of their continental brines. 
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Legislation and Government Programs 


In an effort to accelerate the development and deployment 
of advanced vehicle technologies, the U.S. Department of 
Energy (DOE) announced in 2011 that it awarded $50 million 
toward the development of electric vehicle (EV) batteries that 
were expected to significantly exceed existing state-of-the-art 
technologies in terms of performance and cost. Lithium-ion, 
lithium metal, and lithium-sulfur battery technologies figured 
prominently in the awards, which were to be divided among 
12 separate projects (U.S. Department of Energy, 2011). 


Recycling 


Lithium battery recycling projects were under development 
in the Belgium, Germany, Japan, and the United States in 2011. 
As part of the American Recovery and Reinvestment Act of 
2009 (ARRA Public Law III-5), the DOE awarded $9.5 million 
to California-based battery recycler Toxco, Inc. to construct the 
first U.S. recycling facility for lithium-ion vehicle batteries. The 
company has recycled lithium metal and lithium-ion batteries 
since 1992 at its facility in British Columbia, Canada. In 2011, 
Toxco began construction of a recycling plant adjacent to its 
existing facility in Lancaster, OH, where the company recycled 
nickel-metal hydride and lead-acid batteries from hybrid-electric 
vehicles (HEVs). The new facility was designed to process up 
to 4 million kilograms of lithium-ion battery packs per year and 
was expected to begin operations in 2012 (Gearino, 2011; U.S. 
Department of Energy, 2012, p. 59—60). 

Umicore opened a recycling facility for lithium-ion, 
lithium-polymer, and nickel metal hydride batteries in Hoboken, 
Belgium. The facility was designed to recover nearly all of 
the metallic elements in EV and HEV batteries. Umicore also 
reached an agreement with Tesla Motors, Inc. for Umicore to 
process Tesla's spent lithium-ion battery packs, recovering 
several metals and recycling the recovered cobalt into 
high-grade lithium cobalt oxide, which would then be resold to 
battery manufacturers (Kanter, 2011; Tesla Motors, Inc., 2011). 

At yearend 2011, Chemetall GmbH commenced operations of 
a recycling pilot plant for lithium-ion batteries in Langelsheim, 
Germany. The German Federal Ministry for the Environment, 
Nature Conservation, and Nuclear Safety previously awarded 
Chemetall, as part of a consortium called LithoRec including 


Volkswagen AG and Audi AG, $8.2 million toward the $20.6 


million cost of the pilot plant (Kanter, 2011). 

In 2011, JX Nippon Mining & Metals Co. announced plans 
to open a commercial-scale recycling plant for lithium-ion 
batteries in 2012 in Tsuruga City, Japan. The plant opening, 
however, was contingent on additional improvement of 
the quality of the recovered lithium and reduction of the 
recycling cost at the plant (Japan Metal Bulletin, 2011). Dowa 
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Eco-System Co., Ltd. announced in late 2010 that it had begun 
to recycle used lithium batteries and scrap produced from the 
lithium-ion battery manufacturing process. The company had 
the capacity to recycle more than 1,000 metric tons per year 
(t/yr) of lithium batteries. Dowa also developed a technology 
to refine high-purity lithium from recycled lithium-ion batteries 
and was studying the possibility of supplying lithium to battery 
manufacturers (Dowa Eco-System Co., Ltd., 2010). 


Production 


The U.S. Geological Survey (USGS) collects domestic 
production data for lithium from a voluntary canvass of the 
only U.S. lithium carbonate producer. Chemetall Foote Corp. 
(a subsidiary of the German company Chemetall, which 
is owned by Rockwood Holdings, Inc., of Princeton, NJ) 
responded to the survey, representing 100% of total production. 
Production and stock data were withheld from publication to 
avoid disclosing company proprietary data. 

Chemetall Foote produced lithium carbonate from brines near 
Silver Peak, NV. The company’s other U.S. lithium operations 
included a lithium hydroxide plant in Silver Peak; a butyllithium 
plant in New J ohnsonville, TN; and facilities for producing 
downstream lithium compounds in Kings Mountain, NC. 
Chemetall Foote’s subsidiary in Chile, Sociedad Chilena de 
Litio Ltda., produced lithium carbonate, lithium chloride, and 
lithium hydroxide from a brine deposit. 

In 2011, Chemetall Foote made progress expanding the 
lithium production operations at its Silver Peak and Kings 
Mountain locations. The Silver Peak expansion consisted of a 
well drilling program to double Chemetall’s lithium carbonate 
equivalent (LCE) production capacity to 6,000 t/yr, and a 
geothermal powerplant installation, which was expected to help 
make the Silver Peak operation self-sufficient in electric power. 
The well drilling program consisted of reworking Chemetall’s 
existing brine production wells, installing new production wells, 
dredging and expanding the current evaporation pond system, 
and refurbishing the company’s lithium carbonate plant. At 
Kings Mountain, construction of а 5,000-Uyr battery-grade 
lithium hydroxide production facility was nearly complete. 

The lithium hydroxide facility expanded an existing Chemetall 
site that produces lithium salts and lithium metal for primary 
batteries. Chemetall also began construction of its Global 
Technical Center at Kings Mountain, which would offer 
expanded facilities for engineers and technicians to develop 
new lithium compounds for alternative transportation, energy 
storage, and other €— (Krause, 2012, p. 16; Rockwood 
i .. 2012, р. 2). 

pone т Division produced a full range of | 
downstream inorganic compounds, lithium metal, and organic 
lithium compounds at its facility in Bessemer City, NC. By 

earend 2011, the company commissioned a metal distillation 
unit in Bessemer City to supply high-purity lithium metal to 

d metal alloy markets and made progress toward 

pees the pre-engineering work for the construction of a 
a ee h droxide plant. FMC met its lithium carbonate 
new litium та irements with material produced at its 
and lithium chloride requi 


operation in Argentina (FMC Corp., 2012, p. 8). 
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Simbol Materials LLC (Pleasanton, CA) started operating its 
high-purity lithium carbonate plant in California. Simbol’s LCE 
capacity, initially 500 t/yr, was expected to increase to 1,500 tlyr 
by yearend 2012. The company also planned to develop a larger 
scale lithium carbonate, lithium chloride, and lithium hydroxide 
operation with a LCE capacity of 16,000 t/yr. Simbol's unique 
geothermal brine reverse-osmosis process, if successful, would 
eliminate the need for solar evaporation, a lengthy process in 
more common lithium brine operations (Watts, 2011c). 

Albemarle Corp. (Baton Rouge, LA) announced that it 
developed a unique separation technology to recover lithium 
from the brine at its Magnolia, AR, bromine operation. The 
company planned to build a plant with a LCE capacity of 
20,000 t/yr, and produce commercial quantities of lithium 
carbonate by 2013 (Reisch, 2011). 

Western Lithium USA Corp. (Vancouver) completed a 
prefeasibility study of lithium-rich hectorite clay deposits at its 
King's Valley, NV, project. The study demonstrated that initial 
lithium carbonate production of 13,000 t/yr could commence in 
2015 and could increase to full production of 26,000 t/yr within 
4 years after the initial startup, if demand for lithium increased. 
In October, Western Lithium signed an agreement for the 
DOE’s Argonne National Laboratory to analyze and develop the 
company’s lithium carbonate products for battery applications 
(Western Lithium USA Corp., 2011; 2012, p. 2). 


Consumption 


Lithium is sold as brines, compounds, metal, or 
mineral concentrates depending on the end use. Lithium’s 
electrochemical reactivity and other unique properties have 
resulted in many commercial lithium products. For many 
years, most lithium compounds and minerals were used in the 
production of ceramics, glass, and primary aluminum. Growth 
in lithium battery use and a reduction in use of lithium in 
aluminum production has resulted in batteries gaining market 
share. For 2011, Chilean lithium producer Sociedad Quimica y 
Minera de Chile S.A. (SQM) listed the main global markets for 
lithium products as follows—batteries, 33%; ceramics and glass, 
26%: lubricating greases, 11%; air treatment, 5%; continuous 
casting, 4%; polymers, 3%; primary aluminum production, 
2%: pharmaceuticals, 2%; chemical processes, 1%; and other 
uses, 13% (Sociedad Quimica y Minera de Chile S.A., 2012b, 
р. 12). The consulting firm signumBOX offered different 
consumption estimates for 2011 but concurred that batteries 
may have caught up to, if not surpassed, ceramics and glass as 
the top global market for lithium. signumBOX’s estimates were 
batteries, 29%; ceramics and glass, 29%; lubricating greas 
14%; continuous casting, 5%; air treatment, 4%; primary 
aluminum production, 4%; medical, 3%; polymers, 3%; and 
other uses, 9% (Favre, 2012, p. 4). Roskill Information Services 
Ltd., however, reported that ceramics and glass still remained 
the top global lithium market in 2011 with 30% market share, 
while lithium-ion batteries captured 22% of the market (Baylis, 
2012, p. 8). The “other uses” category represented several 
smaller end uses that may have included alloys, cement and 
concrete, dyestuffs, industrial bleaching and sanitation, pool 
chemicals, and specialty inorganics (FMC Corp., 2008). 
Domestic end uses for lithium materials may not directly 
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correspond to worldwide consumption, but the data necessary 
to make reliable estimates of U.S. consumption by end use were 
not available. 

If lithium concentrates were included in lithium consumption 
estimates, the leading use of lithium in the United States likely 
was in ceramics and glass manufacturing processes. No lithium 
concentrates, however, were produced in the United States for 
direct application in ceramics and glass manufacture, and import 
Statistics do not specifically identify lithium ore imports, making 
it difficult to accurately estimate end uses. 

China, Japan, and the Republic of Korea have historically 
dominated the small to mid-sized lithium-ion battery 
manufacturing market, accounting for approximately 96% of the 
market in 2011. The Japanese market research firm, the Institute 
of Information Technology (IIT), reported that the Republic 
of Korea had overtaken Japan (the leading lithium-ion battery 
producer since 1991) as the leading manufacturer of lithium-ion 
batteries. For 2011, IIT reported that 40% of lithium-ion 
battery production was concentrated in the Republic of Korea, 
35% in Japan, and 20% in China (Sung-Mi, 2012). Lithium’s 
properties make it one of the most attractive battery materials 
of all the elements. Lithium-ion batteries accounted for 76% 
of the rechargeable battery market worldwide (Brown, 201 1b). 
Worldwide, rechargeable lithium batteries powered most cellular 
telephones and laptop computers, as well as many heavy-duty 
power tools. Automakers were working on lithium batteries for 
EVs, HEVs, and plug-in hybrid electric vehicles (PHEVs). 

Alcoa Inc. (Pittsburgh, PA) announced the development of a 
third-generation aluminum-lithium alloy that would contribute 
to lighter and lower cost airplanes compared with those using 
composite alternatives. The alloy offered superior corrosion 
resistance and reduced density by up to 7% in critical structural 
applications (Chai, 2011). 

Addition of lithium carbonate to aluminum potlines lowers 
the melting point of the cryolite bath, allows a lower operating 
temperature for the cells, increases the electrical conductivity, 
and decreases bath viscosity. U.S. primary aluminum production 
and U.S. lithium consumption for aluminum production 
increased in 2011 from those of 2010. Aluminum production 
increased after cutbacks were made during 2008 and 2009 in 
response to a significant drop in the price of aluminum in the 
second half of 2008 (Bray, 2012). 


Prices 


Customs values for lithium carbonate imports to the United 
States were used as an indication of the trends in lithium pricing; 
producer pricing was not available for lithium carbonate. In 
2011, the average customs unit value for imported lithium 
carbonate was $3.87 per kilogram, 11% lower than that of 2010. 
The average customs unit value for imported lithium hydroxide 
increased markedly to $11.12 per kilogram, more than double 
that of 2010. The average unit value of exported lithium 
carbonate was 16% higher than in 2010 and 73% higher than 
the average unit value of imported carbonate. This suggests that 
the materia] exported from the United States was higher quality 
lithium carbonate than that which was imported. The average 
unit value of exported lithium hydroxide was 696 higher than 
in 2010 but 41% lower than the average unit value of imported 
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hydroxide. Given the higher than normal average unit value of 
imported hydroxide in 2011 compared to its export value, the 
large imported unit value increase was most likely owing to 
intercompany transfers between foreign and U.S. subsidiaries of 
the same company. 

In July, Chemetall increased prices by up to 20% for 
lithium carbonate, lithium hydroxide, lithium chloride, and 
battery-grade lithium metal (Rockwood Holdings Inc., 2011). 
Also in July, ЕМС increased prices by 20% for lithium 
carbonate, and between 15% and 25% for a range of lithium 
products including lithium hydroxide, lithium chloride, 
specialty lithium salts, and battery-grade lithium metal 
(FMC Corp., 2011). 

Technical-grade lithium carbonate in China (domestic use) 
averaged approximately $5,000 per metric ton in 2011. The 
price was slightly higher delivered to the United States. Free- 
on-board technical-grade lithium carbonate from Argentina 
and Chile averaged approximately $4,000 per metric ton 
(Baylis, 2012). 

Australian spodumene producer Talison Lithium Ltd. reported 
its average sales price of lithium concentrates sold during the 
last 6 months of 2011 was $320 per metric ton. Talison also 
reported that, beginning January 2012, a price increase of 1596 
would become effective across the company's entire product 
range (Talison Lithium Ltd., 2012, p. 5, 11). At yearend, 
United States glass-grade spodumene (596 lithium oxide, cost, 
insurance, and freight) was reported to be selling for $417 to 
$463 per metric ton, and lithium hydroxide (56.5% to 57.5% 
lithium hydroxide, large contracts, packed in drums or bags, 
delivered to Europe or the United States) was reported to be 
selling for $6,500 to $7,500 per metric ton (Industrial Minerals, 
2012). | 


Foreign Trade 


In 2011, total exports of lithium compounds from the United 
States decreased by 7% compared with those of 2010. About 
44% of all U.S. exports of lithium compounds went to Japan, 
16% went to Germany, and 6% went to Belgium (table 2). 

Imports of lithium compounds into the United States 
increased by 44% in 2011 compared with those of 2010. Of the 
15,200 t of lithium compounds imported, 52% came from Chile 
and 42% from Argentina (table 3). Lithium concentrates from 
Australia and Zimbabwe may have entered the United States, 
but because these materials have no unique import code, no 
import data were available. 


World Review 


Worldwide production and consumption of lithium increased 
in 2011. Two major lithium producing countries, Chile 
and Australia, reported 33% and 21% increases in lithium 
production, respectively, from that of 2010. World lithium 
production (excluding U.S. production) was estimated to be 
34,800 t of lithium contained in minerals and compounds in 
2011, an increase of 25% from that of 2010, and 77% more 
than that of 2009 (table 1). Gross weight production figures 
for lithium carbonate, lithium chloride, lithium hydroxide, and 
lithium mineral concentrates are listed in table 4. Argentina, 


Chile, China, and the United States were the leading producers 
of brine-based lithium carbonate. Significant quantities of 
lithium compounds and concentrates also were produced in 
Australia, Brazil, Portugal, and Zimbabwe. Canada, Congo 
(Kinshasa), Namibia, Russia, Rwanda, and South Africa have 
produced concentrates in the past. Several brine operations 
were under development in Argentina, Bolivia, and Chile; 
spodumene mining operations were under development in 
Australia, Canada, and Finland; and a jadarite mining operation 
was under development in Serbia. Pegmatites containing lithium 
minerals have been identified in Afghanistan, Austria, France, 
India, Ireland, Mozambique, Spain, and Sweden, but economic 
conditions have not favored development of the deposits. 
Lithium has been identified in subsurface brines in Afghanistan 
and Israel. Companies in China, France, Germany, Japan, the 
Republic of Korea, Russia, Taiwan, and the United Kingdom 
produced downstream lithium compounds from imported 
lithium carbonate. 

Lithium end-use markets for batteries, ceramics and glass, 
grease, and other industrial applications all increased. World 
lithium consumption was estimated by SQM to be 25,700 t 
of lithium contained in minerals and compounds in 2011, 
an increase of approximately 9% from SQM’s consumption 
estimate of 2010 (Sociedad Quimica y Minera de Chile S.A., 
2012b). Roskill Information Services estimated slightly higher 
world lithium consumption of 25,900 t (Baylis, 2012). Different 
accountings of total world lithium consumption in 2011 were 
reported by FMC, offering a low estimate of 24,400 tof lithium 
contained in minerals and compounds, and Talison Lithium, 
reporting a high estimate of 28,200 t (Koven, 2012; Norris, 
2012, p. 13). Capacity utilization among the current lithium 
producers was estimated by FMC to be greater than 80%, | 
reflecting а relatively tight market between lithium production 
and consumption in 2011 (Norris, 2012, p. 16). 

Total lithium consumption growth averaged 5.6% per year 
between 2000 and 2011. Using the SQM figure for total lithium 
consumption and Roskill’s recent research that estimated the 
lithium chemical market to be about 75% of total lithium 
consumption, an estimated 19,000 t of lithium was consumed 
in chemicals and the remainder as mineral concentrates in 
the ceramics and glass industry in 2011 (Baylis, 2010b, p. 5; 

‚ 4). 
КЕ latest year with available data), China and | 
Europe were estimated to be the leading consumers of lithium in 
the world, at 29% and 28% of total consumption, respective y 
Other consumers included J apan, 18%; North America, р 
the Republic of Korea, 5%; India, 3%; South America, 2%; 
Russia, 1%; and other, 1% (Roskill Information Services Ltd., 


2000 Pinas Production of lithium carbonate in 2011 was 
estimated to be 10,500 t, and production of lithium chloride 
timated to be 6,000 t. FMC has operated its facility at 
ше Sal de Hombre Muerto since 1998. Initially designed 
к 2,000 t/yr of lithium carbonate and about 
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2012b). Heavy snowstorms in Argentina disrupted FMC’s 
mining operations during the second quarter with blocked 
roads, diluted lithium brines in the solar evaporation ponds, and 
lowered brine production (Watts, 201 1a). The company reported 
that it sold all of its lithium carbonate production and stocks in 
2011 (Lismore, 2012a). 

At yearend 2010, The Sentient Group’s Rincon Lithium Ltd. 
commissioned its lithium operation at the Salar del Rincón in 
Salta Province and produced its first lithium carbonate. In 201], 
the company produced an estimated 1,200 t lithium carbonate 
(Clarke, 2012b). The operation was designed to produce 
10,000 t/yr of lithium carbonate, 4,000 t/yr of lithium hydroxide, 
and 3,000 t/yr of lithium chloride (Watts, 2010a). 

The Australian exploration company Orocobre Ltd. completed 
a definitive feasibility study on its Olaroz lithium project at the 
Salar de Olaroz in northwestern Argentina. The study indicated 
the project could support a production rate of 16,400 t/yr of 
battery-grade lithium carbonate (Orocobre Ltd., 2011). Orocobre 
previously established a joint venture with Japanese trading firm 
Toyota Tsusho Corp. to supply low-cost lithium to automotive 
and battery industry markets (Watts, 2010b). 

The Canadian exploration company Lithium Americas 
Corp. completed a preliminary economic assessment of 
its Cauchari-Olaroz Salars project on the Puna plateau in 
northwestern Argentina. The economic assessment indicated 
a production facility could be built in two phases, with 
construction of a 20,000-t/yr LCE phase to begin in 2012, and 
construction of a second 20,000-t/yr LCE phase to begin in 
2016. In November, the company built a battery-grade lithium 
carbonate pilot plant in Canada and began pilot production. 
After testing of the pilot plant was complete, it would be 
shipped to the Cauchari-Olaroz project site. Canadian car parts 
manufacturer Magna International Inc. and Japan’s Mitsubishi 
Corp. previously purchased 13.3% and 4.1%, respectively, of 
Lithium Americas’ common shares in an effort to secure low- 
cost lithium supplies for their respective company’s hybrid and 
electric-drive vehicle batteries (Lithium Americas Согр-, 20118, 
b, c, p. 3-4). 

The Canadian-based resource company Lithium One Inc. 
completed a preliminary economic assessment of its Sal de 
Vida lithium brine project at the Salar del Hombre Muerto. The 
economic assessment indicated the operation could produce 
25,000 ут lithium carbonate. Lithium One had a joint venus 
with the Republic of Korea’s LG International Corp., GS 
Caltex Corp., and Government-owned mining company K р 
Resources Corp. (KORES). The three Korean partners e 
share a 3094 interest in the project and the right to mar ket E 
lithium products in China, Japan, and the Republic of Sr 
in exchange for funding and delivering a definitive ж 

i One Inc., 
study, which was expected by 2012 (Lithium © 

Rodinia Lithium announced an initial mineral Я i 
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which reportedly is the largest spodumene deposit in the world 
(Wheatley, 2012, p. 21). The company reported spodumene 
production of 357,543 t in 2011, an increase of 21% from that 
of 2010 (Talison Lithium, Ltd., 2012, p. 9). Talison produced 
two types of lithium concentrate—chemical grade, which 

is primarily used for conversion into lithium chemicals for 
applications including lithium batteries, and technical grade, a 
low-iron concentrate which is used directly in the manufacture 
of ceramics, glass, and heat-proof cookware. 

In the wake of China’s electric vehicle developments and the 
resulting expansion of Chinese lithium chemical production, 
Talison reported that 100% of its chemical-grade lithium 
concentrate was sold in China. The company’s technical-grade 
lithium concentrate was distributed throughout the world with 
approximately 50% (by weight) going to Europe, 25% to China, 
10% to Japan, and 10% to North America (Talison Lithium, 
Ltd., 20 11а, p. 15—16). Talison supplied 80% of China's lithium 
demand in 2011 (Wheatley, 2012, p. 21). 

The Stage 2 expansion of Talison's chemical-grade lithium 
concentrate production capacity progressed during 2011. Upon 
completion of the expansion at the end of 2012, the capacity was 
to increase to 740,000 t/yr lithium concentrate. The company 
also planned to build a 20,000-t/yr lithium carbonate plant in 
Western Australia with plant commissioning expected in 2015 
(Talison Lithium, Ltd., 2011b, p. 6). 

In 2011, Galaxy Resources Ltd. produced 63,853 t lithium 
concentrate at its Mount Cattlin spodumene operation, 
near Ravensthorpe, Western Australia. The Mount Cattlin 
plant has a lithium concentrate production capacity of 
137,000 t/yr. Production from this operation was to supply the 
company's lithium carbonate plant in Jiangsu Province, China 
(Tan, 2012, p. 20). 

Bolivia.—Bolivia’s undeveloped Salar de Uyuni is the 
largest salt flat in the world, with an area of more than 11,000 
square kilometers and vast lithium resources. In 2011, a Korean 
consortium consisting of KORES, POSCO, SK innovation Co., 
and LG Chemical Ltd. signed a memorandum of understanding 
with the Government of Bolivia to establish a joint venture for 
the development of a Bolivian-based lithium battery project 
(Shim, 2011). Bolivia also signed an agreement with China's 
CITIC Guoan Group Corp. to explore for lithium in the Salar de 
Coipasa in southwest Bolivia. CITIC was to finance a study, and 
upon acceptable results, submit a proposal to establish a joint 
venture with Bolivia for lithium extraction (Brown, 2011а). 

Сапада. —Сапада Lithium Corp. began construction of an 
open pit mine and a processing plant at its Quebec Lithium 
Project. Commissioning of the operation was expected in late 
2012, with battery-grade lithium carbonate production at a rate 
of 20,000 t/yr expected by the end of 2013. Canada Lithium 
previously signed a marketing agreement with Mitsui and Co. 
Ltd. of Japan for exclusive rights to market the company's 
lithium in China, Japan, and the Republic of Korea. Canada 
Lithium indicated that it would target the Asian grid storage 
market and the generic battery markets (Canada Lithium Corp., 
2010, p. 10; Lismore, 2012c). 

Nemaska Lithium Inc. completed an independent mineral 
resource assessment on its Whabouchi lithium deposit in 
Quebec. The assessment showed a measured resource of 11.3 
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million metric tons (Mt) grading 1.5896 lithium oxide, and an 
indicated resource of 13.8 Mt grading 1.5196 lithium oxide. 

A preliminary economic assessment of the deposit completed 
earlier in 2011 indicated a production rate of 202,000 t/yr 
spodumene concentrate grading 696 lithium oxide. The company 
also began to develop a process to produce lithium hydroxide 
directly from spodumene concentrate, which could reduce 
processing costs by eliminating the need for caustic soda, as 
well as eliminating the production, handling and disposal of 
sodium sulfate (Nemaska Lithium Inc., 2012). 

Galaxy Resources initiated a definitive feasibility study on 
Lithium One's James Bay lithium project in Quebec. Lithium 
One previously formed a joint venture with Galaxy Resources 
under which Galaxy Resources would initially acquire 2096 of 
the James Bay project for $3 million, and could then earn up to 
7096 through the completion of a definitive feasibility study. The 
James Bay project was expected to include a mine, processing 
plant, and a 17,000-t/yr battery-grade lithium carbonate plant 
(Lithium One, Inc., 201 1a). 

Chile, —Witb a reported 3196 of the world lithium market, 
SQM’s revenues from its lithium products increased as a result 
of robust market activity, mainly driven by the rechargeable 
battery and ceramics and glass markets. Sales of lithium 
carbonate and its derivatives, at 40,700 t LCE, was 2696 higher 
than that in 2010, and the value of sales increased by 22% to 
$183 million. SQM's lithium carbonate production capacity 
increased to 48,000 t/yr in 2011, and its lithium hydroxide 
production capacity was 6,000 t/yr. The company's lithium 
products were distributed throughout the world, with 6196 going 
to Asia and Oceania, 28% to Europe, 1096 to North America, 
and 1% to other regions in 2011 (Sociedad Química у Minera de 
Chile S.A., 2012a, p. 29). | 

Total lithium carbonate production capacity for Chemetall 
Foote's operations in Chile and the United States was 
33,000 t/yr in 2011. Chemetall produced an estimated 29,000 
to 30,000 t of lithium carbonate and its derivates in 2011, 
mostly from its operation in Chile. In early 2012, the company 
announced plans to construct a new 20,000-t/yr lithium 
carbonate plant in La Negra. The new facility, expected to 
be completed by yearend 2013, would increase Chemetall's 
worldwide lithium carbonate production capacity to greater than 
50,000 t/yr. Further capacity increases would depend on market 
conditions. In addition, Chemetall would increase its worldwide 
lithium hydroxide production capacity, currently estimated to 
be greater than 5,000 t/yr, to greater than 10,000 t/yr by 2014. 
The company used lithium carbonate from Chile as feedstock 
for some of its downstream chemical production in Germany, 
Taiwan, and the United States (Krause, 2012, p. 15; Rockwood 
Holdings, Inc., 2012, p. 2, 17). 

At its Salares 7 Project in Chile's Atacama Desert, Talison 
Lithium completed its first shallow reconnaissance drilling 
program at two of the seven salars. The company planned 
additional drilling at one of the salars to define a potential 
lithium mineral resource estimate. Talison's goal was to develop 
the project to produce battery-grade lithium carbonate (Talison 
Lithium, Ltd., 2011b, p. 6). 

Li3 Energy, Inc. (Lima, Peru) acquired 6096 ownership of the 
Maricunga lithium project at the Salar de Maricunga in northern 
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Chile. The company formed а strategic partnership with POSCO 
Canada Ltd. to fund exploration and development of the project, 
and initiated a brine resource evaluation program shortly 
thereafter (Saenz, 2012, p. 3). 

China.—China was the only country that continued to 
produce large quantities of lithium carbonate from both 
domestic and imported spodumene concentrates. Domestic 
lithium mineral concentrates were thought to be low grade 
and were most likely used in glass and ceramic applications. 
Higher grade spodumene concentrates imported from Australia 
were generally used in the production of battery-grade lithium 
carbonate. Lithium minerals were estimated to contain 35% of 
China's lithium reserves, and lithium brines were estimated to 
contain the remaining 6596 (Baylis, 2009, p. 6—7, 11, 13; Roskill 
Information Services Ltd., 2009, p. 89-91). 

In 2011, Galaxy Resources estimated that China consumed 
54,000 t LCE from domestic production and imports (Tan, 
2012, p. 7). It was estimated that 32,000 t LCE of spodumene 
mineral concentrates were converted to lithium chemicals in 
2011 (Baylis, 2012, p. 5). China's mineral conversion capacity 
was estimated to be 52,500 t/yr LCE, with a capacity increase to 
69,500 t/yr LCE expected by yearend 2012 (Clarke, 20125). 

By yearend, Galaxy Resources achieved mechanical | 
completion of its Jiangsu Lithium Carbonate Project in Jiangsu 
Province. Commercial production of battery-grade lithium 
carbonate was expected in April 2012. Three shipments of 
spodumene from Galaxy Resources’ Mount Cattlin operation 
in Australia were shipped to the Jiangsu plant during 2011. 

The Jiangsu plant was to produce 17,000 t/yr LCE and supply 
users across the Asia-Pacific region (Tan, 2012, p. 27). Galaxy 
Resources had an agreement to give Mitsubishi access toa 
significant portion of Galaxy’s lithium carbonate production. 
Galaxy Resources also signed offtake agreements with 13 
Chinese lithium battery producers for the remainder of its 
lithium carbonate production (Moores, 2010). 

Qinghai Salt Lake Lanke Lithium Industry Co., 

Ltd. completed construction of a 10,000-t/yr lithium 
carbonate-lithium chloride project in the Chaerhan Salt Lake 
zone in Qinghai Province, with production expected in 2012. 
Other lithium carbonate producers included CITIC Guoan 
Lithium Science & Technology Co., Ltd., with a 35,000-t/yr 
lithium carbonate plant at the Tayjinaier Salt Lake in Qinghai 
Province and a 5,000 t/yr battery-grade lithium carbonate plant 
in Xitai, Qinghai Province; the Tibet Lithium New Technology 
Development Co., with a 5 ,000-t/yr lithium carbonate plant at 
the Zabayu Salt Lake in western Tibet; and Qinghai Salt Lake 
Industry Group Co., Ltd., with a 3,000-t/yr lithium carbonate 


lant at the Dongtai Salt Lake in Qinghai Province (Tahil, 2007, 
Я 10 13; Baylis, 2009, p. 11; Baylis, 2010a, b, p. 19). 
E UI ith U.S. lithium-ion battery 
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Outovesi lithium deposits. The assessment showed a measured 
and indicated resource of 1.3 Mt grading 1.08% lithium oxide 
at the Lantta deposit, and a measured and indicated resource of 
289,000 t grading 1.49% lithium oxide at the Outovesi deposit 
The company planned to establish a 4,000-t/yr lithium carbonate 
plant. Upon completion of the plant, Nordic would become the 
first European producer of lithium carbonate from domestic ore 
(Industrial Minerals, 2008; Outotec Оуј, 2011, p. 2). 

Korea, Republic of.—As part of the effort to secure stable 
long-term supplies of lithium for its expanding automobile, 
battery, and electronics industries, the Government partnered 
with companies, including POSCO and SK Energy Co., Ltd, 
to acquire lithium from a broad range of sources and countries. 
The Government had signed an agreement with POSCO and 
the Korea Institute of Geoscience and Mineral Resources to 
conduct joint research and to build an offshore pilot plant for the 
commercial production of lithium from seawater. The pilot plant 
was completed in 2011 and was expected to produce 30 t/yr of 
lithium carbonate beginning in 2014, with the goal of producing 
a total of 100,000 t of lithium carbonate by 2020 (Watts, 20119). 

Russia.—Liotech Ltd. (а joint venture between the Russian 
Corp. of Nanotechnologies and the Chinese holding company 
Thunder Sky Ltd.) commissioned one of the world’s highest 
capacity lithium-ion battery facilities in Russia’s Novosibirsk 
region. The facility has the capacity to manufacture | million 
lithium-ion batteries per year, enough to equip 5,000 electric 
buses. The majority of the batteries initially would be sold to the 
Chinese market (Elliott, 2012). 


Outlook 


FMC and SQM anticipated about 10% growth in world 
lithium consumption for 2012 mostly owing to robust demand 
from the energy applications markets (Lismore, 2012a; Sociedad 
Química y Minera de Chile S.A., 2012b, p. 13). World lithium 
consumption forecasts to 2015 and 2020 were projected by all 
current lithium producers and many leading lithium market 
analysts. An aggregate of their conclusions showed world 
lithium consumption was likely to increase to approximately | 
190,000 t LCE by 2015, and 280,000 t LCE by 2020. From 201 
to 2020, average annual growth in world lithium consumption 


was expected to be approximately 9.5% (Clarke, 20123). pont 
Information Services Ltd. estímated that new lithium producer 
ium required by 
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manufacturers. With lithium carbonate being one of the lowest 
cost components of a lithium-ion battery, the issue to be 
addressed was not cost difference or production efficiency, but 
supply security attained by acquiring lithium from diversified 
lithium sources. Battery and vehicle companies have taken these 
measures since 2009 to alleviate the possibility of future lithium 
supply disruptions, which could have devastating consequences 
in the EV, HEV, and PHEV industry. 

Research in nanotechnology, the understanding and control 
of matter at dimensions of approximately 1 to 100 nanometers, 
has advanced lithium-ion battery technology and further 
improvements are expected. By altering the nanostructures of 
the lithium-ion battery's anode and cathode, researchers have 
been able to increase battery storage capacity, output power, 
lifespan, and stability, while decreasing the time required 
to charge the battery (Harrop, 2008). Nanotechnology has 
enabled lithium-ion batteries used in power tools to provide 
power surges of up to 10 times that of conventional lithium-ion 
batteries (Bullis, 2008). In hybrid vehicles, power surges from 
lithium-ion batteries enable a vehicle to accelerate faster than 
with other batteries of the same size (Pontin, 2007). A promising 
new technology, the Jithium-air battery, may be capable of 
delivering 5 to 10 times more energy density than today's best 
lithium-ion technology, effectively rivaling the energy density of 
petroleum. Development of lithium-air battery technology is still 
in its infancy, however, a coalition of U.S. national laboratories 
and commercial partners led by International Business Machines 
Corp. anticipated having a full-scale prototype battery ready by 
2013, with commercial battery production expected by 2020 
(Graham-Rowe, 2012). 

Increased use of larger lithium-ion batteries can be attributed 
in part to the rapid replacement of nickel-cadmium batteries 
with lithium-ion batteries in heavy-duty power tools. According 
to Robert Bosch GmbH, a leading manufacturer of power 
tools, 8596 of the cordless power tool market were powered by 
lithium-ion batteries in 2011, up from only 26% in 2007. Bosch 
reported that its share of the lithium-ion cordless tool market 
was 90% (Müller, 2012). 

Most global automobile manufacturers have announced plans 
to use lithium-ion batteries in current or future generations of 
EVs, HEVs, and PHEVs. Vehicles with lithium-ion batteries 
from companies such as Bavarian Motor Works AG (BMW), 
Ford Motor Co., General Motors Co., Honda Motor Co., Ltd., 
Hyundai Group, Tesla Motors, Inc., Toyota Motor Corp., and 
Volkswagen Group were expected to be introduced in 2012. 
Major automobile manufacturers formed partnerships with 
established battery manufacturers to build battery plants for 
hybrid and electric-drive vehicles and begin mass production of 
lithium-ion batteries. 

The worldwide market for lithium-ion batteries used in 
transportation was forecast by research consultants Pike 
Research to increase to approximately $15 billion by 2017 from 
$2 billion in 2011. As manufacturing efficiencies improve and 
access to lithium expands, the cost of lithium-ion batteries was 
expected to decrease by more than one-third by 2017 (Pike 
Research, 2012). 

The successful use of lithium-ion batteries in EVs, HEVs, 
and PHEVs could greatly increase demand for lithium. If 
consumption increases faster than supply, prices could increase, 
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and spodumene and other lithium resources that had been 
considered uneconomic might once again yield economically 
feasible raw materials for the production of lithium carbonate. 
New lithium mineral operations under development throughout 
the world specifically designed to produce battery-grade lithium 
carbonate, demonstrate the perceived economic viability of 
these mineral operations. 

Various countries worldwide were establishing national 
alternative energy policies that have the potential to 
substantially increase lithium demand. It was anticipated that 
Asia, North America, and Western Europe would be at the 
forefront of adopting utility-scale energy storage systems that 
would play a large role in the electricity grids of the future, both 
for long-duration storage as well as short-duration ancillary 
services. China, in particular, was expected to become the 
largest utility-scale energy storage market in the world, with 
$586 billion in Government funds to be invested by 2020. 
These energy storage systems would be the downstream 
beneficiaries of the widespread research and development of 
lithium-ion batteries for the transportation sector. Of several 
energy storage technologies competing within the short-duration 
ancillary services market, advanced lithium-ion batteries were 
expected to hold the greatest potential, capturing approximately 
70% of the ancillary services market worldwide by 2019. 
Worldwide revenue from sales of lithium-ion batteries for use 
in utility-scale energy storage systems was expected to increase 
to nearly $6 billion in 2020, from $72 million in 2012 (Pike 
Research, 2010; Oyama, 2011). 

In addition to energy storage systems, several other potential 
growth areas could significantly increase lithium demand by 
2020. Lithium used in solar power applications and in nuclear 
reactor applications offer substantial opportunities for future 
lithium growth (Lee and Hykawy, 2011). 
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ТАВГЕ 1 


SALIENT LITHIUM STATISTICS ! 


(Metric tons of contained lithium) 


2007 2008 
United States: 
Production ` W W 
Exports? 1,440 1,450 
Imports? 3,140 3,160 


Consumption" 2,400 2,300 


2009 2010 2011 
W W W 
919 1,410 1,310 
1,890 1,960 2,850 
1,300 1,100 2,000 


„Consumption .— à 01 € __ =>" VLLL RS 
Rest of world, production 25,400 26,700 : 19,700 : 27,800 : 34,800 


*Estimated. 'Revised. W Withheld to avoid disclosing company proprietary data. 


Граја are rounded to по more than three significant digits. 
^Compounds. Source: U.S. Census Bureau. 
Mineral concentrate and lithium carbonate. 
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Compound and country 


Lithium carbonate: 
Bangladesh 
Belgium 
Canada 
China 
Denmark 
Germany 
India 


Korea, Republic of 


Mexico 
Pakistan 
United Kingdom 
Other 
Total 


Lithium carbonate, U.S.P.:4 


India 
Israel 
Japan 
Other 
Total 
Lithium hydroxide: 
Argentina 
Australia 
Belgium 
Canada 
China 
Colombia 
Egypt 
Germany 
India 
Japan 


Korea, Republic of 


Mexico 

Peru 

Russia 

Saudi Arabia 
Singapore 
South Africa 
Taiwan 
Thailand 


United Arab Emirates 


United Kingdom 
Vietnam 
Other 
Total 
‘Revised. -- Zero. 


TABLE 2 
U.S. EXPORTS OF LITHIUM CHEMICALS, BY COMPOUND AND COUNTRY ! 


2010 
Gross weight Value? 
(metric tons) (thousands) 
9 $32 
15 66 
27 117 
376 1,650 
677 3,750 
56 421 
71 450 
21 74 
4 76 
35 128 
62' 479 ' 
1,350 7,240 
9 230 
3 61 
(3) 55 
4' 329 ' 
16 675 
87 750 
63 464 
951 4,660 
157 912 
103 658 
46 334 
102 679 
676 3,440 
340 1,720 
2,700 20,000 
203 1,250 
264 988 
16 116 
210 990 
79 481 
52 320 
49 505 
291 1,830 
274 1,490 
100 572 
152 927 
16 110 
29' 370 ' 
6,960 43,600 


2011 


Gross weight 
(metric tons) 


16 
6,410 


Value’ 
(thousands) 


$33 
1,130 
415 
31 
303 
3,540 
329 
486 
10 
619 
48 
148 
7,090 


1,280 
54 
216 
212 
1,770 


615 
380 
2,070 
980 
749 
346 
469 
3,210 
107 
25,400 
1,720 
1,260 
92 
242 
252 


166 
42,300 


"Data are rounded to no more than three significant digits; may not add to totals shown. 


?Free alongside ship values. 


Less than М unit. 


*Pharmaceutical-grade lithium carbonate. 


Source: U.S. Census Bureau. 
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TABLE 3 
U.S. IMPORTS FOR CONSUMPTION OF LITHIUM CHEMICALS BY COMPOUND AND COUNTRY ' 
2010 2011 
Gross weight Value” Gross weight Value” 
Compound and country (metric tons) (thousands) (metric tons) (thousands) 
Lithium carbonate: 
Argentina ` 7,360 $32,400 6,430 $24,800 
Chile 2,080 8,640 7,210 26,400 
China 48 179 801 4,160 
Other 9 37 15 75 
Total 9,500 41,300 14,400 55,400 
Lithium carbonate, U.S.P.2 
India -— -- 19 517 
Italy - -- (4) 4 
Total - -- 19 522 
Lithium hydroxide: 
Chile 915 4,540 652 7,130 
China 99 504 32 182 
Finland -- - 19 88 
Germany (4) ' ГАД 14 942 
Јарап 1 4] 10 109 
Norway 33 57 22 38 
United Kingdom 20 109 46 374 
Pp MES 2 41° 5 36 
Total 1,070 5,300 800 8,890 
"Revised. -- Zero. 
Гаја are rounded to no more than three significant digits; may not add to totals shown. 
^Customs value. 
3pharmaceutical-grade lithium carbonate. 
‘Less than % unit. 
Source: U.S. Census Bureau. 
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TABLE 4 
LITHIUM MINERALS AND BRINE: WORLD PRODUCTION, BY COUNTRY "2 


(Metric tons) 


Coun 

Argentina: 

Lithium carbonate 

Lithium chloride 
Australia, spodumene 
Brazil, concentrates 
Canada, spodumene* “ 
Chile: 

Lithium carbonate from subsurface brine 

Lithium chloride 

Lithium hydroxide 
China, carbonate” 
Portugal, lepidolite 
United States, subsurface brine 
Zimbabwe, amblygonite, eucryptite, lepidolite, petalite, and зродитепе“ 
“Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data. -- Zero. 
"Table includes data available through May 29, 2012. 
"Estimated data are rounded to no more than three significant digits. 


2007 


8,863 
8,828 
192,277 
7,991 
22,500 


51,292 
4,185 
4,160 

16,000 

34,755 

W 

30,000 


2008 


9,984 
7,800 
239,528 
14,460 ' 
22,000 


48,469 
4,362 

_ 4,050 
17,500 
34,888 
W 
25,000 


2009 


8,586 ' 


4,400 ' 
197,482 

15,929 ' 
10,000 


25,154 
2,397 
2,987 

20,000 

37,359 

W 

20,000 


2010 


11,196 ' 

6,832 " 
295,000 

15,733 ' 


44,025 ' 
3,725 ' 
5,101 € 

21,000 

40,600 * 

W 

23,500 


2011 


10,500 * 
6,000 * 


421,396 
15,800 


59,933 
3,864 
5,800 

22,000 

41,000 

W 

23,500 


?In addition to the countries listed, other nations may produce small quantities of lithium minerals, but output is not reported, and no valid basis is available 


for estimating production levels. 


*Based on all Canada's Spodumene concentrates (Tantalum Mining Corp. of Canada Ltd.'s Tanco property). 
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MAGNESIUM 


By Deborah А. Kramer 


Domestic survey data and tables were prepared by Paula R. Neely, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


Primary magnesium was produced by one company in 
the United States, and much of the U.S. demand was met 
by imports. Israel was the principal source of imported 
magnesium metal and alloys, and Canada accounted for most 
of the scrap imports, which have become an important source 
of supply. Aluminum alloying, diecasting, and iron and steel 
desulfurization were the principal applications for magnesium in 
the United States in 2011. Consumption of primary magnesium 
in the United States in 2011 was about 7% higher than that in 
2010, mostly as a result of an increase in magnesium used for 
automotive diecastings as U.S. vehicle production increased. 
China continued to dominate world production of primary 
magnesium, accounting for 86% of the total (excluding 
the United States). Because of the continued imposition of 
antidumping duties, the quantity of pure and alloy magnesium 
imported from China to the United States was minimal. 


Legislation and Government Programs 


During 2011, Government agencies made numerous 
determinations about dumping duties on magnesium imports 
from China and Russia. In February, following a full sunset 
review of duties on magnesium alloy imports from China and 
Russia that were established in 2005, the U.S. International 
Trade Commission (ITC) voted to retain antidumping duties 
on magnesium alloy from China and revoke antidumping 
duties on pure and alloy magnesium imports from Russia 
(U.S. International Trade Commission, 20115). In April, U.S. 
Magnesium LLC filed a formal complaint with the U.S. Court of 
International Trade (CIT) appealing the ITC's decision to revoke 
antidumping duties on imports of magnesium from Russia. 
The complaint alleged that the ITC should have cumulated 
imports of Russian and Chinese magnesium before making a 
ruling instead of looking at each country's imports separately. 
U.S. Magnesium also contended that the ITC's determination 
that revocation of the duties would not lead to increases in 
imports was erroneous (Riley, 2011c). No decision was made by 
yearend. 

After conducting an expedited third 5-year review of the 
antidumping duty order for pure magnesium imports from 
China into the United States, the ITC upheld the original 
order, determining that revocation of the duty would lead to 
continuation or recurrence of injury (U.S. International Trade 
Commission, 20112). 

The CIT upheld the U.S. Department of Commerce, 
International Trade Administration's (ITA) remand decision 
regarding imposition of a 111.7396 ad valorem antidumping 
duty on Tianjin Magnesium International Co. Ltd. (TMI) for 
May 1, 2007, to April 31, 2008. The court determined that TMI 
had not cooperated with the ITA during the investigation 
(U.S. Court of International Trade, 2011). 
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The ITA published the final results of the antidumping duty 
review on imports of pure magnesium from China for TMI for 
May 1, 2009, through April 30, 2010. The ITA determined that 
TMI did not sell magnesium in the United States at prices below 
normal value, so it set the antidumping duty at 0% ad valorem. 
The ITA also rescinded a review of TMI’s antidumping duties 
for pure magnesium for May 1, 2010, through April 30, 2011, 
because the company did not ship magnesium to the United 
States during this period (U.S. Department of Commerce, 
International Trade Administration, 201 1b, c). 

Two requests for scope rulings for granular magnesium 
imports from China that were subject to antidumping duties 
were completed in 2011. (After a duty order is published, 
scope rulings may be necessary when interested parties need 
clarification of the status of their products under the order.) In 
response to a request from ESM Group Inc., the ITA issued a 
final scope determination that magnesium atomized in China 
from pure magnesium ingots produced in the United States and 
imported by ESM was not within the scope of the antidumping 
duty order on pure magnesium in granular form from China. 
ITA determined that the process of atomizing magnesium 
does not substantially transform the magnesium ingot, so the 
country of origin of the atomized magnesium (the United States) 
remained the country of origin of the original magnesium ingot. 
For essentially the same reason, in response to a request from 
U.S. Magnesium, the ITA issued a final scope determination that 
granular magnesium ground in Mexico from pure magnesium 
ingots produced in China is within the scope of the antidumping 
duty order on pure magnesium in granular form (U.S. Customs 
and Border Protection, 2011a, b). 

On September 13, the ITA published final results of the 
antidumping duty review of pure and alloy magnesium imports 
from Russia for April 1, 2009, through March 31, 2010. 

For VSMPO-Avisma Согр., the duty was set at 2.24% ad 
valorem. For Solikamsk Magnesium Works, which did not ship 
magnesium to the United States during the period of review, 
the rate that was in effect the last time the company had U.S. 
sales was retained. On October 4, however, because it had used 
incorrect cost data to calculate VSMPO-Avisma’s rate, the ITA 
revised its rate for VSMPO-Avisma to 22.38% ad valorem 

for the period of review (U.S. Department of Commerce, 
International Trade Administration, 201 1a). 

On July 5, the World Trade Organization (WTO) issued its 
report concerning allegations by the European Union, Mexico, 
and the United States that export restraints maintained by 
China on various metals and minerals including magnesium 
were a violation of WTO rules. A panel had been convened 
by the WTO in 2009 in response to the allegations. The panel 
found that the export duties and export quotas that China 
maintained on various forms of magnesium constituted a breach 
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of WTO rules and that China failed to justify those measures 
as legitimate conservation measures, environmental protection 
measures, or short supply measures. The panel also found that 
China’s imposition of minimum export price, export licensing, 
and export quota administration requirements on these materials, 
as well as China’s failure to publish certain measures related to 
these requirements, was inconsistent with WTO rules (Office 
of the U.S. Trade Representative, 2011). In January 2012, after 
China appealed the WTO decision, the Appellate Body of the 
WTO determined that China’s export restraints on several raw 
materials including magnesium were inconsistent with China’s 
WTO obligations (World Trade Organization, 2012). 


Production 


U.S. Magnesium was the sole producer of primary magnesium 
in the United States. The company recovered magnesium 
electrolytically from brines from the Great Salt Lake in Utah at 
its 63,500-metric-ton-per-year (t/yr) plant in Rowley, UT. By 
yearend, U.S. Magnesium completed an 11,500-t/yr expansion, 
increasing the plant’s capacity to 63,500 t/yr. The expansion was 
originally scheduled to be completed by yearend 2012, but the 
company cited an increase in orders for accelerating the startup 
(McBeth, 20110). A substantial portion of U.S. Magnesium’s 
output from the expansion was scheduled to be supplied to 
Allegheny Technologies Inc.’s (ATI) nearby titanium sponge 
plant. Magnesium chloride produced at the titanium sponge 
plant (from recovering titanium from titanium tetrachloride) 
was converted into magnesium metal and chlorine at U.S. 
Magnesium’s plant, and the magnesium was provided to ATI. 
ATI was increasing sponge production at the plant to 10,000 to 
12,000 metric tons (t) (Waite, 2011). | 

Molycor Gold Corp. completed a resource analysis for its 
Tami-Mosi magnesium property in Nevada that, using a cutoff 
grade of 12% magnesium, estimated the inferred resource to be 


ic tons (Mt) of dolomite at an average grade 


412 million metri 
of 12.396 magnesium. The contained metal content would be 


50.3 Mt of magnesium. Molycor also completed an economic 
assessment for a 30,000-t yr silicothermic plant to produce 
primary magnesium from dolomite, with a capital cost of $424 
million and operating costs of $1.28 per pound of recovered 
magnesium. Molycor planned to complete a prefeasibility study 
by early 2014 (Molycor Gold Corp., 201 1). Molycor had been 
evaluating the Tami-Mosi property since at least 2007 ‚ In 2012, 
Molycor changed its name to Nevada Clean Magnesium Inc. 


Environmental 


« sulfur hexafluoride (SF,) that is used to protect 
‘um from oxidation has been identified asa 
и lobal warming. Although studies on the 


ial factor in ue 
otential fa а tinued, its long atmospheric life (about 


as con 
we iae ш high potential as a greenhouse gas (GHG) 


| ial of carbon dioxide) 
j the global warmıng potential of carb 
m e cal for voluntary reductions in emissions. In 1999, 
resulted I esium industry, the International Magnesium 
the U.S. uu d the U.S. Environmental Protection Agency 
pes teen a voluntary partnership to m С 
(Е ; agnesium processes that require 5^, 
aior molten magn 
SF, The та) 
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melt protection are primary production; secondary production; 
die, permanent mold, and sand casting; wrought products 
production; and anode production. According to the EPA, the 
magnesium industry emitted 1.3 teragrams CO, equivalent of 
SF, in 2010, representing an increase of approximately 21% 
from 2009 emissions. Increased steel production, which uses 
magnesium for desulfurization, and increased production of 
automobiles, which use diecast magnesium components, were 
the principal reasons for increased magnesium-processing- 
generated SF, emissions. The increase was mitigated in part 
by continuing industry efforts to utilize SF, alternatives, such 
as NovecTM612 (dodecafluoro-2-methy|-3-pentanone), and 
sulfur dioxide, as part of the EPA’s SF, Emission Reduction 
Partnership for the Magnesium Industry. These alternatives have 
lower global warming potential than SF, and tend to quickly 
decompose during their exposure to the molten metal (U.S. 
Environmental Protection Agency, 2012, p. 4-59—4-62). 

In January 2011, the U.S. Circuit Court of Appeals for the 
District of Columbia denied U.S. Magnesium’s appeal of the 
EPA’s decision to include the company’s Rowley magnesium 
production facility as a Superfund site. U.S. Magnesium had 
challenged the agency’s 2008 listing decision and argued that 
the agency had overestimated the risk of pollutants from the 
facility entering the air and soil. Designation of the facility 
as a Superfund site gave the EPA the authority to investigate 
the site further to determine if a cleanup is necessary. The 
designated site encompasses 1,830 hectares (4,530 acres) on 
the southwest edge of the Great Salt Lake. Contaminants at the 
site included acidic wastewater, dioxins, furans, heavy metals, 
hexachlorobenzene, polychlorinated biphenyls, and polycyclic 
aromatic hydrocarbons (Fahys, 2011). 


Consumption 


Data for magnesium metal are collected from two voluntary 
surveys of U.S. operations by the U.S. Geological Survey. Of 
the 59 companies canvassed for magnesium consumption data, 
46% responded, representing 54% of the magnesium-base | 
scrap consumption listed in table 2 and the primary magnesium 
consumption listed in table 3. Data for the 32 nonrespondents 
were estimated on the basis of prior-year consumption levels 
and other factors. 

Primary magnesium consumption in 2011 was about 7% 
higher than that in 2010 (table 3), which coincided with 
an increase in the U.S. economy. Aluminum alloying and 
diecasting each consumed about 38% of the total followed 
by iron and steel desulfurization with | 1%. Consumption 
of magnesium for diecasting increased by about 15% from 
that in 2010 mainly because of an 11.5% increase 1n U.S. А 
vehicle production compared with that in 2010 (Interne 
Organization of Motor Vehicle Manufacturers, 2012). А 7 m 
increase in steel production from 2010 to 2011 was respons! 
for an 8% increase in the use of magnesium for desulfurization 
(World Steel Association, 2012). 

Phoenix Global Enterprises LLC (PGE) op ES 
scrap recycling plant in Anderson, IN, to process 
Шо Tic a plant is adjacent to Advanced Ма oh 
Alloys Corp.’s (Amacor) magnesium recycling facility, {з 
is majority owned by the same individual as PGE. Then 
K—201! 


ened a magnesium 
nesium 
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plant was expected to be able to take machining turnings, which 
are considered hazardous materials because of their size, and 
convert them into 3-pound cylinders containing 90% to 94% 
magnesium to be sold to the secondary aluminum industry. 
Normally diecasting companies pay to have the magnesium 
metal slivers removed because they are difficult to recycle, 

but Amacor developed a proprietary process that enabled the 
turnings to be economically recycled (McBeth, 201 1a). 

In March, ESM Group Inc. (a subsidiary of SKW 
Stahl-Metallurgie Holding AG) opened a new atomized 
magnesium metal powder facility at its plant in Saxonburg, 

PA. The expanded plant produced fine and ultrafine spherical 
magnesium powder, used for military flares that are used as 
countermeasures to protect aircraft from missiles (Metal Powder 
Report.net, 2011). At the beginning of 2011, SKW consolidated 
its specialty magnesium powder business in a new company, 
ESM Special Metals & Technology, Inc. In September, Hart 
Metals Inc. (a subsidiary of United Kingdom-based Luxfer 
Group) completed the installation of a new atomizer to produce 
magnesium alloy powders for military applications at its plant in 
Tamaqua, PA. 

Massachusetts-based Metal-Oxygen Separation Technologies 
Inc. received a $6 million grant from the U.S. Department 
of Energy (DOE) to scale up its new technology to produce 
magnesium from magnesium oxide. The company planned to 
use the funds to support a 3-year pilot-plant project to produce 
30 to 50 t/yr of magnesium. The funding was from the DOE's 
Vehicle Technologies Program; magnesium's light weight was 
expected to be important in achieving new Federal corporate 
average fuel economy requirements of 35.5 miles per gallon 
in 2016. Metal-Oxygen Separation Technologies was founded 
in 2008 and has received funding from the DOE, the National 
Science Foundation (NSF), and private investors (Alspach, 
2011). 

nanoMAG, LLC was awarded funding from the NSF and the 
U.S Department of the Army to develop new applications for 
its magnesium sheet. A $730,000 contract extension with the 
Army was expected to focus on development of lightweight 
composite armor for vehicle and ballistics applications, and 
a $100,000 NSF grant was to support research on resorbable 
biomedical implants for orthopedic applications. nanoMAG 
claimed that magnesium sheet produced by its patent-pending 
process provides 20096 higher strength and improved toughness 
over conventional magnesium sheet, while also providing 
the strength of carbon steel sheet at one-fourth the weight 
(nanoMAG, LLC, 2011). 

French company McPhy Energy, which was created in 2008 
to industrialize and commercialize solid hydrogen storage 
technology using magnesium hydride, signed a contract with 
Enel Group, Italy's leading and Europe's second leading power 
company, by installed capacity, to supply a 2-kilogram (kg) solid 
hydrogen storage system. The company also signed a contract 
with Iwatani Corp., Japan's leading supplier of hydrogen in 
terms of market share, to supply a 4-kg solid hydrogen storage 
solution. Historically, hydrogen storage methods have been 
based on compression and liquefaction (direct storage), which 
involve safety problems and costs for compression and cooling. 
McPhy's systems, initially marketed to the merchant hydrogen 
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market, were also being used for the renewable energy industry 
(McPhy Energy, 2011a, b). 

The potential of magnesium batteries to increase efficiency 
compared with existing battery technology spurred several 
research projects. Researchers from Toyota Corp. demonstrated 
the first rechargeable battery system using a magnesium 
anode and sulfur cathode. А magnesium-sulfur battery could 
be substantially more efficient than existing lithium-ion 
rechargeable battery technologies, but this research was in 
the early stages of development and had a number of hurdles 
to overcome before it could be commercialized. Pellion 


. Technologies, a Massachusetts-based startup company, also was 


investigating magnesium-based battery technology by trying 
to find a suitable cathode material (Cohen, 2011; Hadlington, 
2011). 


Stocks 


Producers' yearend 2011 stocks of primary magnesium were 
slightly lower than those at yearend 2010; producer stock data 
were withheld to avoid disclosing company proprietary data. 
Consumer stocks of primary and alloy magnesium were 4,860 t 
at yearend 2011, 15% more than the yearend 2010 level of 
4,230 t. 


Prices 


At the beginning of 2011, the Platts Metals Week U.S. spot 
Western magnesium price range was $2.35 to $2.50 per pound. 
This range reached its high for the year of $2.40 to $2.50 per 
pound in mid-February and remained at that level until the 
beginning of May. The price range decreased steadily to a low 
of $2.05 to $2.20 per pound in late December. The average 
Platts Metals Week U.S. spot Western magnesium price in 2011 
was $2.40 per pound, about 7% less than the 2010 average of 
$2.57 per pound. 

Spot prices fell during the fourth quarter as a result of lower 
negotiated prices for 2012 contracts. Press reports indicated 
that aluminum producers had contracted for most of their 
magnesium requirements for 2012 at $2.00 to $2.05 per pound 
(McBeth, 2011b). Consumers of diecasting alloy reportedly 
settled their 2012 contracts at $2.00 to $2.20 per pound for 
АМ50 or А791 alloy. Contract prices in 2012 for secondary 
90/10 alloy were reported to be in the low $1.80s per pound 
(McBeth and Poole, 2011). 


Foreign Trade 


Total magnesium exports for 2011 were about 17% less than 
those in 2010 (table 5). Canada (29%), Singapore (2896), and 
Mexico (2296) were the principal destinations. 

Magnesium imports for consumption in 2011 were about 
8% lower than those in 2010 (table 6). Israel (30%) was the 
principal source of magnesium imports, mostly metal, and 
Canada (2676) was the second ranked source of magnesium 
imports, mostly waste and scrap. 

China's reported exports of magnesium to the United States 
under Harmonized Tariff Schedule (HTS) number 8104.30.0000 
were significantly higher than U.S. trade statistics for imports 
from China under that HTS number. According to United 
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Nations (2012) trade statistics, China reported exports of more 
than 19,600 t of material under this HTS number; the United 
States reported imports of 1,250 t from China. The unreported 

· U.S. imports were thought to be desulfurization reagents that 
were not subject to antidumping duties and were included in a 
different HTS number in U.S. import statistics. These data have 
not been included in apparent consumption calculations. 


World Review 


Armenia.—The Armenian Development Agency announced 
that a primary magnesium plant would be constructed at the 
Yeghvard branch of Yerevan Scientific Research Institute of 
Mathematical Machines (more commonly known as Mergelyan 
Institute) if enough investors were found. Initial plans called for 
a $1 million investment to produce 300 t/yr of magnesium, with 
an additional $6 million to increase production to 10,000 t/yr 
(PanARMENIAN.net, 2011). 

Australia.—Latrobe Magnesium Ltd. completed a 
prefeasibility study for a plant to recover 10,000 t/yr of 
magnesium from coal fly ash produced at the Hazelwood 
powerplant in Victoria. The company planned to conduct further 
test work to confirm some design and feedstock assumptions 
used in the study and refine capital cost estimates. The bankable 
prefeasibility was scheduled to be completed by March 2013. 
The 10,000-t/yr demonstration plant was expected to be 
commissioned in March 2014, and a 40,000-t/yr plant built in 
early 2015. Latrobe planned to raise about $100 million to build 
the demonstration plant. Magnesium recovery from Hazelwood 
coal fly ash has been under investigation since 2001 (Latrobe 
Magnesium Ltd., 2011). 

In July, Advanced Magnesium Ltd. (AML) purchased all the 
shares of Varomet Holdings Ltd. (the holding company for the 
Magontec Group businesses) from Straits Mine Management 
Pty. Ltd. for approximately $6 million. Magontec businesses 
included magnesium alloy and anode manufacturing plants 
in Xi’an and Suzhou, China, recycling operations at Bottrop, 
Germany, and a recycling facility at Santana, Romania, | 
which was scheduled to be completed in 2012. Through its 
subsidiaries, AML’s total magnesium manufacturing and 
recycling capacity would be 60,000 Чут. In addition to the 
manufacture of magnesium alloy in Xi’an and at HNKWE 
(AML’s §3%-owned Chinese joint-venture), the company 
has installed recycling capacity of 19,000 t/yr, which would 
rise to 25,000 t/yr in 2012 when the new Romanian recycling 
plant comes onstream. The Romanian facility was expected to 

duce magnesium alloys and 2,000 t/yr of magnesium anodes 
P "um Ltd., 2011). The plants in Bottrop and 
(Advanced Magnesium td., RA 
Xi'an were originally owned by Norsk Hydro "- 

China.—According to data from China Non-ferrous eta 5 
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had been idle since 2008, and was on schedule to complete 
expansion to 20,000 t/yr by December 2011 (Platts Metals 
Week, 2011). Xinjiang Hongxing Kejian Magnesium Co., 
Ltd. brought a 20,000-t/yr magnesium plant onstream in early 
2011 in the Xinjiang Uygur Autonomous Region and planned 
to increase production capacity to 100,000 t/yr within 3 years 
(Metal-Pages, 2011b). 

Israel.—Dead Sea Magnesium Ltd. (Beer Sheva, Israel) 
announced that it would increase production at its magnesium 
plant in Sdom by as much as 10% through debottlenecking. The 
plant had the capacity to produce 34,000 t/yr of magnesium, 
and the company said that the increased production level would 
be reached in the first quarter of 2011. Most of the additional 
output was expected to be shipped to the United States, with 
some to Europe and Brazil (Riley, 2011a). 

Korea, Republic of.—Steel producer POSCO Co. Ltd. 
announced that it would begin construction of a 10,000-t/yr 
primary magnesium plant in Gangneung City, Gangwon 
Province, in May. Construction of the modified Pidgeon process 
plant was expected to be completed by June 2012, with further 
expansion to 20,000 t/yr by 2016 and 100,000 t/yr by 2018. 
POSCO has been producing magnesium strip from magnesium 
imported from China. By constructing a primary metal plant that 
would use dolomite byproduct from cement production, РОЗСО 
would not be dependent upon China for its raw material 
(Metal-Pages, 20112). 

POSCO was constructing a new 10,000-t/yr line to produce 
2,000-millimeter magnesium plate at its existing plant in 
Suncheon, Jeollanam Province, which was expected to be in 
commercial production by August 2013. This plate, the widest 
in the world, was expected to be used for components by South 
Korean automobile manufacturers. POSCO completed the 
development of a magnesium automobile front seat frame and 
was marketing the frame to South Korean auto manufacturers. 
Also in November, POSCO signed an agreement with a trading 
unit of Japan's Toyota Corp. to supply magnesium ingot to the 
company. POSCO planned to develop a magnesium rear seat 
frame by March 2013 (Japan Metal Bulletin, 2011; 2012). 

Russia.— Despite the removal of the antidumping duties, 
Solikamsk Magnesium Works reportedly did not plan to sell. 
magnesium into the United States in 2011. Based on information 
available in early 2011, the company planned to produce 
13,500 t of magnesium in 2011 for its customers in Belarus, 
Kazakhstan, and Russia (Riley, 2011b). 


Outlook 


U.S. magnesium consumption was expected to continue 
to be directly correlated to the global economy. A ja 
economy could result in magnesium consumption мати 
its previous levels. A significant portion of U.S. deman = at 
magnesium will depend on its use in aluminum alloy 
aluminum production through May 2012 was 12% hig icin 
than that in the same period of 2011 and is likely to resu 
increased magnesium use in aluminum alloying. 

Analysts at CM Group projected that global Maven ay 
magnesium consumption would increase by 6.6 yo PE «2015. 
from 2012 through 2016 and by 7.176 from 2017 cs y I 
Annual consumption in China was forecast to increas 
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in the 5-year period. About 190,000 t/yr of primary magnesium 
capacity was under construction in China, and additional 
capacity may come onstream in Australia, Canada, the Republic 
of Korea, and the Middle East (McBeth, 2012). 

According to Ward's Automotive Group (2012), U.S. light 
vehicle production for the first half of 2012 was 26% higher 
than that in 2011, which is likely to lead to increased magnesium 
diecasting production and use in 2012. The Original Equipment 
Suppliers Association (2012, p. 2), projected that production 
planning volumes were trending upward for 2012 and 2013. The 
2012 median volume projection in July was 14.0 million units, 
up 500,000 units from the January 2012 indicated level. The 
2013 median volume was projected to be 14.8 million units, up 
700,000 units from the January 2012 projection. 

Most of the growth in magnesium use in the past two decades 
resulted from its increased use in automotive applications 
because of its light weight, and any increase in automobile 
manufacturing would be expected to result in an increase in the 
use of magnesium. However, because of the limited availability 
from multiple producers, automotive manufacturers outside 
China may be less likely to choose magnesium than other 
lightweight materials, such as plastic. Because of antidumping 
duties assessed on magnesium imported from China, the 
leading producer, U.S. automobile manufacturers are limited 
to sourcing primary magnesium from one company in Brazil, 
one in Israel, two in Russia, and one ш the United States. A 
new plant in Malaysia could serve as an additional supplier as 
production stabilizes. The limited number of suppliers was one 
of the reasons that the U.S. automotive industry was reluctant 
to use magnesium for many years. As a result of the downturn 
in the U.S. economy and the limited number of suppliers of 
magnesium, the U.S. diecasting industry has lost at least six 
large diecasting facilities since 2008. Uncertainty about the 
European economic slowdown, however, is causing suppliers to 
remain cautious. 

Because of its light weight, companies continued to 
develop new applications for magnesium that could increase 
consumption in the future. Magnesium-base batteries for 
electric vehicles may prove to be feasible, but substantial 
research and development needs to be done before this happens. 
Magnesium-base fuel cells also could be a potential new use 
for magnesium if the technology is commercially proven. 
Companies are developing new high-strength corrosion-resistant 
alloys for use in aerospace and defense applications and new 
alloys for bioabsorbable implants. 
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TABLE | 
SALIENT MAGNESIUM STATISTICS! 


(Metric tons unless otherwise specified) 


FEET CEREREM ERECTO RUE ае атк LOT 
___________________2007  — 28 ü 209 à 200 à. 201 
United States: 
Production: 
Primary magnesium W у W W W 
Secondary magnesium 89,300 88,400 68,600 71,800 € 74,900 
Exports 14,800 14,400 19,600 14,800 12,300 
Yearend stocks, producer W W W W W 
Price? dollars per pound 2.00-2.50 3.05--3.25 2.20-2.40 2.35-2.50 2.05-2.20 
World, primary production" 751,000 670,000 598,000 755,000 * 771,000 
*Estimated. "Revised. W Withheld to avoid disclosing company proprietary data. 
'Data are rounded to no more than three significant digits. 
Source: Platts Metals Week. 
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TABLE 2 
MAGNESIUM RECOVERED FROM SCRAP PROCESSED IN THE 
UNITED STATES, ВУ KIND OF SCRAP AND FORM OF RECOVERY’ 


(Metric tons) 
2010 2011 
KIND OF SCRAP 

New scrap: 
Magnesium-base 21,100 17,700 
Aluminum-base 30,300 € 33,100 
Тога! 51,300 ' 50,900 

Old scrap: 
Magnesium-base 1,210 1,210 
Aluminum-base 19,300 22,800 
Total 20,500 24,100 
Grand total 71,800 ' 74,900 
FORM OF RECOVERY 

Magnesium alloy ingot” W W 
Magnesium alloy castings 6,520 130 
Aluminum alloys 54,400 ' 64,100 
Other! 10,900 10,700 
Total 71,800 ' 74,900 


"Revised. W Withheld to avoid disclosing company proprietary data; included in “Other.” 
'Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes secondary magnesium content of both secondary and primary alloy ingot. 


?Includes chemical and other dissipative uses, cathodic protection, and data indicated 


by symbol W. 


TABLE 3 | 
U.S. CONSUMPTION OF PRIMARY MAGNESIUM, BY USE! 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes sheet and plate and forgings. 
*Includes chemicals and scavenger, deoxidizer, and powder. 


(Metric tons) 
Use 2010 
For structural products: 
Castings: 
Die 19,600 22,500 
Permanent mold 163 
Sand 424 
Wrought products” 2,120 
Total 22,300 26,900 
For distributive or sacrificial purposes: 
Aluminum alloys 23,800 22,500 
Cathodic protection (anodes) 709 876 
Iron and steel desulfurization 5,960 6,430 
Nodular iron 412 457 
Reducing agent for titanium, zirconium, hafnium, uranium, beryllium 882 399 
Other’ 1,630 1,720 
Total 33,400 32,400 
Grand total 55,700 59,300 
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TABLE 4 


YEAREND MAGNESIUM PRICES 
2010 2011 
U.S. spot dealer import dollars per pound 2.25-2.40 2.05-2.15 
U.S. spot Western do. 2.35-2.50 2.05-2.20 
China dollars per metric ton 2,900-2,950 3,000-3,050 
European free market do. 2,950-3,050 3,125-3,200 


do. Ditto. 


Source: Platts Metals Week. 


TABLE 5 
U.S. EXPORTS OF MAGNESIUM, BY COUNTRY! 


I SS SSS SSS pin chante сарај 
Powder, sheets, tubing, 


Waste and scrap Metal Alloys ribbons, wire, other forms 
Quantity Value Quantity Value Quantity Value Quantity Value 
____Сошшу _(metrictons) (thousands) (metric tons) (thousands) (metric tons) (thousands) _ (metric tons) (thousands) 
2010: 
Brazil -- -- 60 $220 396 $2,350 15 $856 
Сапада 85 $219 1,730 8,400 4,270 18,100 272 4,090 
Mexico 112 205 937 2,730 1,500 6,380 648 4,130 
Singapore -- -- 2,110 7,070 61 386 37 743 
United Kingdom 4 11 -- 2 29 292 461 15,000 
Other 280 367 465 1,340 676 3,400 638 11,800 
Total 481 802 5,300 19,800 6,940 30,900 2,070 36,600. 
2011: 
Brazil -- - -- - 148 553 8 300 
Canada 233 747 1,590 4,800 1,540 6,140 260 4,530 
Mexico 1,160 2,780 70 239 1,310 5,220 154 Eos 
Singapore -- -- 3,440 8,620 20 67 44 2000 
United Kingdom 35 35 11 22 100 380 470 1 жи 
Other 255 400 411 926 382 2,180 684 ET 5 
Оты ____________ево 396 $552 1460 _____3,500 1450 _____1620 3» 
-- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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2011 


Country 

2010: 

Canada 

China 

Israel 

Kazakhstan 

Mexico 

Russia 


United Kingdom 


Other 
Total 
2011: 
Canada 
China 
Israel 
Kazakhstan 
Mexico 
Russia 


United Kingdom 


Other 
Total 
~ Zero. 


Waste and scrap Metal Alloys, magnesium content 
Quantity Value Quantity Value Quantity Value 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

10,100 $25,300 30 $117 835 $2,840 

196 292 93 560 1,270 3,370 

-- -- 15,800 73,200 2,510 13,200 

-- -- 875 3,520 -- -- 

687 1,650 -- -- 1,130 4,830 

-- — 618 1,820 -- -- 

3,280 7,370 -- -- 807 11,400 

7,850 22,000 | 807 4,310 5,080 18,800 

22,100 56,500 18,200 83,500 11,600 54,400 

11,400 21,200 9 50 975 4,220 

1 5 65 449 2,960 8,440 

— -- 12,100 58,400 2,560 13,700 

-- -- 409 1,740 -- -- 

1,680 3,160 -- -- 3 16 

-- =- 470 1,720 -- — 

1,640 4,440 -- -- 888 13,200 

7,240 20,000 1,250 6,560 3,790 14,900 

22,000 48,700 14,300 68,900 11,200 54,600 


ТАВГЕ 6 
U.S. IMPORTS FOR CONSUMPTION OF MAGNESIUM, BY COUNTRY’ 


"Data are rounded to no more than three significant digits; may not add to totals shown. 


*Less than № unit. 


Source: U.S. Census Bureau. 
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TABLE 7 


WORLD ANNUAL PRIMARY MAGNESIUM 
PRODUCTION CAPACITY, DECEMBER 31, 2011! 


(Metric tons) 

Country Capacity 

Brazil 22,000 
China 1,120,000 
India 900 
Israel 34,000 
Kazakhstan 30,000 
Malaysia 15,000 
Russia 80,000 
Serbia 5,000 
Ukraine 15,000 
United States 63,500 
Total 1,380,000 


"Includes capacity at operating plants as well as at plants on 


standby basis. 


Powder, sheets, tubing, 
ribbons, wire, other forms, 


magnesium content 
Quantity Value 
(metric tons) (thousands) 
306 $1,530 
335 2,740 
63 1,250 
40 1,920 
44 1,730 
788 9.160 
74 3,100 
400 3,150 
444 3,690 
(2) 10 
15 1,040 
41 1,840 
974 12,800 
— = 
= el 0— 
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ТАВГЕ 8 
MAGNESIUM: ESTIMATED PRIMARY WORLD PRODUCTION, BY COUNTRY’? 


(Metric tons) 

Country 2007 2008 2009 2010 2011 

Brazil 18,000 15,000 16,000 16,000 16,000 
Canada 16,300 ? 2,000 ? 5 = ч 
China 625,000 559,000 501,000 654,000 661,000 
Israel 29,618 * 32,051 4 19,405 ^ 23,309 ^^ 30,000 
Kazakhstan 21,000 21,000 21,000 21,000 21,000 
Malaysia — -- -- -- 2,000 
Russia? 37,000 37,000 37,000 37,000 37,000 
Serbia 2,000 1,500 1,500 1,500 1,500 
Ukraine 2,500 2,000 2,000 2,000 2,000 
United States W W W W W 
Total 751,000 670,000 598,000 755,000 ' 771,000 


"Revised. W Withheld to avoid disclosing company proprietary data; not included in “Total.” — Zero. 

World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
Table includes data available through June 8, 2012. 

*Includes secondary. 

‘Reported figure. 
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MAGNESIUM COMPOUNDS 


By Deborah A. Kramer 


Domestic survey data and tables were prepared by Paula R. Neely, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


An increase in domestic steel production led to increased 
production, imports for consumption, and consumption of 
dead-burned (refractory) magnesia in the United States. China 
continued to be the principal source of imports of dead-burned 
magnesia, accounting for 57% of the total. Domestic caustic- 
calcined magnesia production, however, decreased by 4% from that 
in 2010, imports for consumption were 13% lower, and apparent 
consumption was 8% lower. China also was the main source of 
caustic-calcined magnesia imports, accounting for 51% of the total. 

About 55% of U.S. magnesium compounds production 
came from seawater and well and lake brines. The remainder 
was recovered from dolomite, magnesite, and olivine. With 
increased steel production, refractory applications accounted 
for about 55% of U.S. consumption of magnesium compounds. 
The remaining 45% of consumption was used in agricultural, 
chemical, environmental, and other applications. 

World production of magnesite increased slightly in 2011 to 
20.5 million metric tons (Mt). China, with 71% of the total, was 
the world’s leading magnesite producer. 


Legislation and Government Programs 


The U.S. Department of Commerce, International Trade 
Administration, initiated administrative reviews of its 
antidumping and countervailing duties for United States imports 
of magnesia-carbon brick from China and antidumping duties 
for magnesia-carbon brick from Mexico, which were established 
in 2010 (U.S. Department of Commerce, International Trade 
Administration, 2011). 


Production 


As the global economy began to recover, domestic production 
of all magnesium compounds increased, with the exception 
of caustic-calcined magnesia (table 3). Refractory magnesia 
production increased because of an increase in steel production. 
Magnesium hydroxide production was 16% higher, and 
magnesium sulfate production increased by 7%. Some of the 
decline in caustic-calcined magnesia production may have 
been offset by the increased magnesium hydroxide production. 
Both products can be used for water treatment, and magnesium 
hydroxide may have substituted for magnesium oxide in this 
application. 

Data for magnesium compounds were collected by the U.S. 
Geological Survey (USGS) from one voluntary survey of 
U.S. operations. Of the 12 operations canvassed, 9 responded, 
representing 97% of the magnesium compounds shipped 
and used, including data for some compounds that were not 
reportable in table 3. Data for the three nonrespondents were 
estimated on the basis of prior-year production levels. 
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Fused magnesia was produced by one company in the United 
States, UCM Group PLC of the United Kingdom, which 
operated a plant in Cherokee, AL, through its UCM Magnesia 
Inc. subsidiary. Two companies in the United States produced 
olivine—Unimin Corp. and Olivine Corp. Unimin operated a 
mine in North Carolina and processing plants in Indiana and 
North Carolina. Olivine operated one mine and one processing 
plant in Washington. | 

Great Salt Lake Minerals Corp. (a subsidiary of Compass 
Minerals International, Inc.) began to incrementally increase 
its magnesium chloride brine production capacity for a total 
addition of 450,000 metric tons per year (t/yr). The company 
planned to use new technology to increase the efficiency of its 
solar evaporation ponds near the Great Salt Lake and bring its 
total magnesium chloride brine production capacity to 1 million 
metric tons per year by 2015. The company’s production was 
marketed mainly for deicing applications (Compass Minerals 
International, Inc., 2011). 

Brazil’s Magnesita Refratarios S.A. planned to increase the 
refractory basic brick capacity at its York, PA, plant by 
28,000 t/yr beginning in late summer 2012. The company planned 
to install two new presses to manufacture magnesia-alumina-carbon 
products for steel ladle linings and magnesia-carbon products used 
in steel and other applications. Dead-burned magnesia feed material 
was expected to be supplied from Magnesita’s operations in Brazil 
(Business Wire, 2011). 

Norwegian firm Sibelco Nordic (owner of Unimin) announced 
that the olivine mine in North Carolina and the processing plant 
in Aurora, IN, would be closed in spring 2011 and that it would 
supply the North American market with production from its 
Aheim Mine in Norway. The company planned to construct 
additional silos at its Aheim plant to store the olivine before 
shipment to North America (Sibelco Nordic, 201 l, p. 11). The 
closure of this mine leaves the mine in Washington as the sole 
U.S. olivine producer. 


Consumption 


In 2011, environmental applications (water treatment and 
stack-gas scrubbing), remained the largest tonnage end use for 
caustic-calcined magnesia, with 42% of the total. The other 
major end-use sectors for caustic-calcined magnesia (with the 
individual components in descending order of consumption in 
parentheses) were agriculture (animal feed and fertilizers), 30% 
and chemical intermediates, 26%. The remaining categories 
each had less than 2% of the total use—manufacturing (rubber 
and electrical), construction (primarily oxychloride and 
oxysulfate cements), and medicines and cosmetics. 

Magnesium hydroxide was used for water treatment, as a 
chemical intermediate, in medicines and pharmaceuticals, 
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and in fertilizer (in descending order of quantity). Magnesium 
sulfate was used mostly for chemicals, fertilizers, rubber, pulp 
and paper, pharmaceuticals, and water treatment (in descending 
order of quantity). Magnesium chloride was used mainly for ice 
control. Magnesium chloride brines were used for road dust and 
ice control. 


Foreign Trade 


Dead-burned and fused magnesia exports in 2011 were more 
than double 2010 exports, beginning to return to the level 
before the 2008—09 global recession. South Africa (51%) and 
Canada (23%) were the principal destinations. Caustic-calcined 
magnesia exports were 40% less than those in 2010. China 
(55%) and Peru (25%) were the main destinations (table 4). 

Imports of dead-burned and fused magnesia were 19% higher 
than those in 2010, reflecting an increase in steel production; 
data reported by the World Steel Association (2012b) indicated 
that U.S. steel production increased by about 7% from 2010 to 
2011. Imports of dead-burned and fused magnesia from China 
were 57% of the total, followed by Russia (11%), Ukraine (10%), 
and Australia and Brazil (7% each). Imports of caustic-calcined 
magnesia were about 13% less than those in 2010. China (51%) 
and Canada (36%) remained the principal sources (table 6). 

Trade data for olivine are not available separately from 
the U.S. Census Bureau. The J ournal of Commerce PIERS 
database, however, provides data on material that travels by 
ship. According to PIERS, U.S. exports of olivine in 2011 
were 16 metric tons (t) to Taiwan. U.S. olivine imports were 
23,200 t; 87% came from Norway and 12% came from China; 
the remainder was from Germany, Japan, the Netherlands, and 
Taiwan. Olivine was thought to be included in the Harmonized 


Tariff Schedule number for iron ore. 


World Review 


est capacity magnesite processing facilities in the 
n China and Russia. These countries о, for 
-thirds of world magnesia from magnesite production 
невр арап, the Netherlands, and the United States | 
accounted for about 56% of the world’s magnesia production 
capacity from seawater or brines. Fused magnesia was produced 
in Australia, Brazil, China, Israel, Japan, the Republic of Korea, 
Mexico, Russia, the United Kingdom, and the United States. 
World production capacity for fused magnesia was estimated to 
be about 560,000 t/yr, including about 372,000 Џуг of capacity 
in China (Schroeder, 2006). Avr 1 "" 
Norway has been the world s principal producer an duh 
of olivine. Other producers include Australia, Austria, razil, 
China, Greece, Italy, Japan, the Republic of Korea, Mexico, 
Spain, Taiwan, Turkey, and the United States. Roberts (2008) 


stimated that total world production of olivine in 2008 was 
e 
8.4 Mt, althoug 


h the total was likely smaller in 2011 with mine 
s. particularly in Greenland and Norway, which resulted 
жынс! | i economic downturn in 2008-09. | 
кт. U ion. —Austria-based RHI AG acquired seawater 
сааса ers Premier Periclase Ltd. in Drogheda, County 


magnesia Р iu^ SMA Mineral Magnesia AS in Porsgrunn, 


and | 
-— ge in Ireland was expected to provide a 
О ; 
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high-purity source of dead-burned magnesia to RHI, and 
caustic-calcined magnesia production from the Norwegian plant 
would supply feedstock for a new 80,000-t/yr fused magnesia plant 
that was to be constructed at Porsgrunn. RHI also announced plans 
to increase dead-burned magnesia capacity at its Turkish subsidiary 
Magnesit AS by mid-2012 (O’ Driscoll, 201 1d, е). 

Australia.—Queensland Magnesia Pty. Ltd. (QMAG) 
purchased and planned to refurbish Cement Australia Pty. Ltd.'s 
mothballed cement plant to produce 100,000 t/yr of caustic- 
calcined magnesia. The plant was expected to come onstream 
by 2013 and would increase QMAG’s total magnesia production 
capacity to 400,000 t/yr. The acquisition, which included the 
land, plant, and equipment, refurbishing, and recommissioning 
of the plant, was estimated to cost $20.8 million. The cement 
plant had been on care-and-maintenance status since 2009 
(O’Driscoll, 201 1c). 

Сапада.— July, Karnalyte Resources Inc. announced 
that it would conduct a National Instrument 43-101 (NI 
43—101)-compliant prefeasibility study for magnesium chloride 
process streams at the same facility that it intended to construct 
for potash production near Wynyard, Saskatchewan, and 
expected the study to be completed by yearend. (NI 43-101 is 
a national instrument for the standards of disclosure for mineral 
projects within Canada. The instrument is a codified set of rules 
and guidelines for reporting and displaying information related 
to mineral properties owned by, or explored by, companies 
which report these results on stock exchanges within Canada.) 
Karnalyte intended to develop a carnallite-sylvite mineral 
deposit by solution mining to produce 500,000 t/yr of potash. 

A 2010 preliminary assessment reported that the deposit had 
an indicated mineral resource of about 50.2 Mt of magnesium 
chloride ranging from 3% to 1596 (Karnalyte Resources Inc., 
2011). 

China.— China set its export quota for caustic-calcined and 
dead-burned magnesia at 1.23 Mt for 2012. This was the same 
as the 2011 quota (O’Driscoll and Roberts, 2012). | 

Netherlands.—Nedmag Industries Mining and Manufacturing 
B.V. planned to drill a new well to recover magnesium salts and 
increase dead-burned magnesia production capacity to 
200,000 t/yr from 160,000 Џуг at its Veendam, operation by 
2013. The facility also had the capacity to produce 100,000 t/yr 
of magnesium chloride, 5,000 t/yr of | 
caustic-calcined magnesia, and 5,000 t/yr of magnesium 
hydroxide (O'Driscoll, 20115). | 

Norway.—In May, Sibelco restarted olivine production 
at its Raubergvik Mine that had been closed since January | 
2009 because of market conditions. Sibelco planned an initial 
production of 400,000 t, which was expected to be ria 
to the United States. The company no reopened ће Grubse 
Mine at its principal mining site in Ahe 
ги mie and plant, which were closed in ee II 
2009, remained on care-and-maintenance status (Roberts, 

Russia.—In November, Magnezit Group completa Це" 
magnesia processing line at its refractories plant T A А 
Chelyabinsk. The new milling line included a ball mi $a 
filter, and ore transportation equipment. The company sent 
planned to complete installation of new ыер еа 
and begin construction of an 80,000-t/yr high-temp 
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shaft kiln and 100,000-t/yr multiple-hearth furnace by yearend. 
Once all the equipment is installed, the plant’s capacity 

for dead-burned magnesia would increase to 130,000 t/yr 
(Magnezit Group, 2011a). The company also was developing 

a new magnesite mining complex in Siberia, which would use 
magnesite from the Talsk deposit as feedstock. The first stage 
of the plant was expected to be completed in 2012, with full 
commercial production scheduled for 2015. At full capacity, the 
plant could produce 200,000 t/yr of caustic-calcined magnesia 
and 150,000 t/yr of fused magnesia (Magnezit Group, 2011b). 

Russian Mining Chemical Co. LLC reportedly completed 
construction of its new brucite processing plant near Vyazma 
in August. The new facility, which was built next to the 
company’s existing processing plant, would allow Russian 
Mining to increase production of flame retardants for domestic 
supply and major markets in Europe and the United States. The 
company mined brucite from the Kuldur deposit in the Jewish 
Autonomous Oblast in the Far Eastern economic region. No 
capacity information was available (Composites World, 2011). 

Saudi Arabia.—In April, Saudi Arabian Mining Co. (Ma’aden) 
opened its new magnesia plant in Al-Madinah Al-Munawarah 
with production capacities of 39,000 t/yr of caustic-calcined 
magnesia and 32,000 t/yr of dead-burned magnesia. Ma’aden 
planned to market its production to domestic and export markets 
and began shipping its products to Europe in May 
(O’Driscoll, 20119). 

Serbia.—In March, Magnohrom d.o.o. restarted production 
of dead-burned magnesia from a 100-metric-ton-per-day rotary 
kiln. The company had not produced magnesite since 2007 
and planned to export 95% of the dead-burned magnesia. In 
addition, Magnohrom also planned to open a magnesite mine in 
Zlatibor (O’Driscoll, 201 1a). 

Turkey.—The leading magnesia producer in Turkey, Kümas 
Kütahya Manyezit Isletmeleri A.S., acquired Bommag Manyezit 
Sanayi ve Ticaret Ltd. Si.’s magnesite mine, reserves, and 
magnesia plant in western Turkey and planned to expand 
caustic-calcined and dead-burned magnesia capacities at the 
facility, which were 20,000 Џуг and 25,000 t/yr, respectively. 
Kümas also planned to double the fused magnesia production 
capacity to 26,000 t/yr at its Kutahya facility. Kiimas was 
subsequently put up for sale through a bidding process, and in 
January 2012, Kümag was awarded to Kobin Madencilik İnşaat 
ve Ticaret AS for $285.5 million (O’Driscoll, 2012a, b). 

Akdeniz Minerals Kaynaklari A.S. (a subsidiary of Grecian 
Magnesite S.A.) was installing a new rotary furnace intended 
to double the caustic-calcined magnesia production capacity 
at its plant in the Eskisehir area to 32,000 t/yr in early 2012 
(O'Driscoll, 20112). 


Outlook 


According to the World Steel Association (2012b), world 
crude steel production reached a record 1.53 billion metric tons 
in 2011, which was an increase of 6.8% compared with that 
of 2010. Production in the United States increased by about 
7% compared with production in 2010, indicating an ongoing 
Improvement in the U.S. economy. Production increased 
in the top 10 steel-producing nations, with the exception of 
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Japan, where production decreased by 1.8%. Of the top 10 
steel-producing countries, the largest percentage increases in 
production were in Turkey (17%) and the Republic of Korea 
(16.2%). China continued to be the leading steel-producing 
nation, accounting for 45.5% of the global total in 2011, which 
was an 8.9% increase from production in 2010. In the first 

4 months of 2012, world steel production continued to increase, 
although production was only 0.7% more that that in the 
comparable period of 2011. The increase in China’s production, 
however, was higher at 1.9% (World Steel Association, 2012a). 
A sustained increase in steel production in China could lead 

to more internal consumption of magnesia-based refractories, 
which could result in less magnesia available for the export 
market, although China has extensive magnesite deposits that 
could be developed. In addition, China’s export licensing and 
export quota requirements for magnesite may undergo scrutiny 
of the World Trade Organization, as has taken place for other 
minerals and metals. 

Because caustic-calcined magnesia is used in a wide 
variety of applications, the economic downturn did not affect 
consumption as significantly as consumption of refractory 
magnesia, which was directly tied to the performance of the 
U.S. steel industry. Magnesium hydroxide continued to be used 
mainly in environmental applications, but interest in magnesium 
hydroxide flame retardants also was increasing. Replacement of 
halogenated flame retardants in some plastics, for which there 
is environmental concern about corrosiveness and toxicity of 
smoke and other emission products, with magnesium hydroxide 
could increase its use. 

Carbon sequestration is gaining world attention as a method 
to reduce greenhouse gas emissions into the atmosphere. 
Magnesium-based minerals, particularly brucite and olivine, 
are being investigated as minerals that are naturally capable 
of sequestering carbon dioxide that is emitted from fossil fuel 
burning or other human activity and transforming the gas into 
a geologically stable carbonate where it is unreactive. If this 
technology is developed commercially, it could represent a new 
market for these minerals. 
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U.S. MAGNESIUM COMPOUND PRODUCERS, BY RAW MATERIAL SOURCE, LOCATION, AND PRODUCTION CAPACITY, IN 2011! 


Total 


Щл: 


TABLE 1 
SALIENT MAGNESIUM COMPOUND STATISTICS! 


(Thousand metric tons and thousand dollars) 


2007 2008 2009 2010 2011 
United States: 
Caustic-calcined and specified magnesias: 
Shipped by producers: 
Quantity 125 170 147 162 155 
Value 41,100 52,700 42,200 47,000 48,800 
Exports? 4 1 | (4) (4) 
Imports for consumption’ 134 167 126 127 111 
Refractory magnesia: 
Shipped by producers: 
Quantity W W W W W 
Value W W W W W 
Exports 22 22 8 9 18 
Imports for consumption 437 386 151 323 384 
World, production of magnesite 20,300 21,400 ' 18,200 20,000 ' 20,500 * 


"Estimated. "Revised. W Withheld to avoid disclosing company proprietary data. 
Data are rounded to no more than three significant digits. 

"Includes magnesia used by producers. 

*Caustic-calcined magnesia only. 

“Less than % unit. 


TABLE 2 


(Metric tons, MgO equivalent) 


799,000 


Data are rounded to no more than three significant digits; may not add to total shown. 


In addition to its Michigan plant, Martin Marietta owned a 15,000-metric-ton-per-year- 
which used imported magnesite as a raw material. 
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Raw material source and producing company Location Capacity Products 

Magnesite, Premier Magnesia LLC Gabbs, NV 140,000 Caustic-calcined magnesia. 

Lake brines: 
Great Salt Lake Minerals Corp. Ogden, UT 185,000 Magnesium chloride and magnesium chloride brines. 
Intrepid Wendover-Potash LLC Wendover, UT 45,000 Magnesium chloride brines. 

Well brines, Martin Marietta Magnesia Manistee, MI 314,000 ^ Caustic-calcined magnesia, dead-burned magnesia, and 
Specialties LLC? magnesium hydroxide. 

Seawater: 
Premier Magnesia LLC Port St. Joe, FL 107,000 — Caustic-calcined magnesia and magnesium hydroxide. 
South Bay Salt Works Chula Vista, CA 3,000 Magnesium chloride brines. 
SPI Pharma Inc. Lewes, DE 5,000 Magnesium hydroxide. 


capacity magnesium hydroxide plant in Lenoir City, TN, 


46.5 


46.6 


TABLE 3 
U.S. MAGNESIUM COMPOUNDS SHIPPED AND USED! 


eee 


2010 2011 
Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 
Caustic-calcined and specified (USP and technical) magnesias” 162,000 $47,000 155,000 $48,800 
Magnesium hydroxide [100% Mg(OH);]" 171,000 107,000 199,000 120,000 
Magnesium sulfate, anhydrous and hydrous 47,400 20,600 50,600 22,500 
Refractory magnesia W W W W 


W Withheld to avoid disclosing company proprietary data. 
Гаја are rounded to no more than three significant digits. 
?Excludes material produced as an intermediate step in the manufacture of other magnesium compounds. 
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2010 2011 
Quantity Value Quantity Value 
Material and country (metric tons) (thousands) (metric tons) (thousands) 
Caustic-calcined magnesia: 
China 94 $57 91 $47 
India 27 21 25 16 
Mexico 134 76 4 15 
Peru 18 9 42 21 
Other 5' 2' 4 13 
Тога! 278 165 166 112 
Dead-burned and fused magnesia: 
Brazil 32 28 277 241 
Сапада 4,380 2,780 4,110 2,780 
Germany 540 502 822 927 
Korea, Republic of 545 452 541 463 
Mexico 217 380 166 376 
Saudi Arabia (2) 3 873 462 
South Africa 839 461 9,170 5,550 
Taiwan 155 169 48 54 
Turkey 40 46 118 128 
Venezuela 1,020 592 783 385 
Other 888 ' 1,130 ' 1,020 1,290 
Тога! 8,650 6,550 17,900 12,700 
Other magnesia: 
Brazil 1,420 1,520 954 1,100 
Canada 2,730 3,000 2,850 3,150 
China 476 717 465 956 
France 1,580 1,450 672 657 
Germany 934 903 1,290 1,080 
India 576 544 642 728 
Korea, Republic of 767 685 429 393 
Mexico 590 1,040 782 713 
Netherlands 2,610 2,040 1,310 996 
Spain 615 562 629 569 
Taiwan 1,950 1,650 1,960 1,790 
Venezuela 33 61 661 472 
Other 3,790 ' 6,110 € 3,080 4,800 
Тога! 18,100 20,300 15,700 17,400 
Crude magnesite: 
Argentina 382 50 835 109 
Australia 34 4 879 161 
Сапада 2,340 414 1,540 251 
Egypt 736 97 307 40 
Germany 792 104 208 27 
Iceland 407 48 1,820 264 
Italy 614 80 За be 
Panama -- -- 1,270 167 
Saudi Arabia 963 126 E us 
Thailand 42 5 876 115 
Trinidad and Tobago -- -- 783 | 103 
United Kingdom 337 44 412 56 
Venezuela 353 46 8,580 1,130 
Other 1,920 ' 296 € 892 123 
Total 8,920 1,310 18,400 2,540 


"Revised. -- Zero. 


Data are rounded to no more than three significant digits; may not add to totals shown. 


^Less than % unit. 


Source: U.S. Census Bureau. 
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| ТАВГЕ 4 
U.S. EXPORTS OF CRUDE AND PROCESSED MAGNESITE, BY COUNTRY! 


46.7 


TABLE 5 
U.S. EXPORTS OF MAGNESIUM COMPOUNDS! 


2010 2011 
Quantity Value Quantity Value 
Material (metrictons) (thousands) (metrictons) (thousands) Principal destinations in 2011 
Magnesium chloride, anhydrous and other 8,030 $6,260 10,100 $6,520 Canada, 89%. 
Magnesium hydroxide and peroxide 16,700 13,800 18,500 14,900 Canada, 57%; Mexico, 9%; United Kingdom, 9%, 
Magnesium sulfate, natural kieserite and epsom salts 255 265 654 1,820 Mexico, 85%; Saudi Arabia, 9%. 
Magnesium sulfate, other 9,920 4,810 13,300 5,030 Canada, 97%. 


'Data are rounded to no more than three significant digits. 


Source: U.S. Census Bureau. 
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Material and country 
Caustic-calcined magnesia: 


Australia 
Brazil 
Canada 
China 
Hong Kong 
Spain 
Turkey 


United Kingdom 


Other 
Total 


Dead-burned and fused magnesia: 


Australia 
Austria 
Brazil 
China 
Germany 
Greece 
Israel 
Japan 
Mexico 
Netherlands 
Russia 
Spain 
Turkey 
Ukraine 
Other 
Total 


Other magnesia: 


Brazil 
Canada 
China 
Israel 
Japan 
Mexico 
Slovakia 
Spain 
Other 
Total 


Crude magnesite: 


Brazil 
China 
France 
Hong Kong 
Israel 
Japan 


United Kingdom 


Other 
Total 


"Revised. -- Zero. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF CRUDE AND PROCESSED MAGNESITE, BY COUNTRY! 


2010 
Quantity Value Quantity 
(metric tons) (thousands) (metric tons) 
14,900 $4,130 13,200 
11,800 3,270 -- 
30,400 13,100 39,900 
55,000 14,000 56,500 
7,930 2,530 -- 
3,800 1,220 -- 
2,110 1,290 473 
168 179 -- 
1,280 588 950 
127,000 40,300 111,000 
42,300 17,600 26,500 
2,920 1,250 -- 
26,600 8,100 27,700 
213,000 99,000 220,000 
3,110 2,630 8 
6,760 2,580 4,700 
4,140 11,900 3,370 
2,210 4,900 2,280 
6,710 3,750 1,630 
127 78 3,060 
10,800 3,970 43,100 
3,950 1,290 8,130 
345 172 4,530 
19 3,220 38,100 
154 ' 488 ' 210 
323,000 161,000 384,000 
646 3,310 1,220 
564 328 227 
427 499 5,020 
558 1,310 1,190 
1,000 2,570 982 
4,090 3,450 6,310 
1,670 549 1,970 
2,740 1,310 11,600 
265 1,220 257 
12,000 14,500 28,700 
516 414 360 
9,980 2,130 187 
240 219 60 | 
8,400 2,550 8,210 
1,540 1,380 1,220 
254 482 172 
1,130 1,010 990 
350 238 390 
22,400 8,420 11,600 


a A n 
2011 


Value 
(thousands) 


$3,930 
17,700 
17,900 


482 
40,300 


16,100 
15,100 
136,000 
48 
2,540 
11,200 
9,630 
1,190 
2,080 
16,600 
2,430 
2,270 
17,000 
1,560 
234,000 


7,130 
76 

924 
3,160 
3,040 
5,310 
775 
4,510 
830 
25,700 


416 
235 
73 
2,620 
1,120 
242 
882 
207 
5,790 


ТАВГЕ 7 
U.S. IMPORTS FOR CONSUMPTION OF MAGNESIUM COMPOUNDS! 


2010 2011 
Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) Principal sources in 2011 
Magnesium chloride, anhydrous and other 87,900 $24,100 75,600 $22,100 Israel, 7196; Netherlands, 26%. 
Magnesium hydroxide and peroxide 5,500 13,900 6,110 17,800 Austria, 34%; Israel, 28%; Japan, 12%. 
Magnesium sulfate, natural epsom salts 3,340 780 2,400 819 China, 97%. 
Magnesium sulfate, natural kieserite 5,900 134 15,200 302 Germany, 100%. 
Magnesium sulfate, other 19,000 10,100 20,100 11,900 China, 41%; Germany, 24%; Mexico, 19%. 
э-э зэ ео __у_(у_Б1У УОв0О___10,100 2000 — 11,900 _ 


"Рака are rounded to no more than three significant digits. 


Source: U.S. Census Bureau. 


TABLE 8 
WORLD MAGNESIUM COMPOUNDS ANNUAL PRODUCTION CAPACITY, 


DECEMBER 31, 2011}? 


(Thousand metric tons, MgO equivalent) 


Ы— a 
Raw material 


Magnesite Seawater or brines 
Caustic- Dead- Caustic- Dead- 
Country calcined bumed calcined bumed Total 

Australia 218 110 5а -- 328 
Austria 76 325 -- -- 401 
Brazil 96 320 12 -- 428 
Сапада 100 ЕЕ - -- 100 
China 1,440 2,740 ЕЕ -- 4,180 
Егапсе e - 30 = 30 
Greece 90 110 = a 200 
India 20 202 B -- 222 
Iran 25 40 -- -- 65 
Ireland a == = 90 90 
Israel Et = 10 60 70 
Haly _ _ —- 25 -- -- -- 25 
Japan -- -- 50 70 120 
Jordan _ -- -- 10 50 60 
Korea, North 25 100 nm -- 125 
Korea, Republic of = - x 40 40 
Mexico se = 15 95 110 
Netherlands -- -- 10 165 175 
Norway == 2c 30 EN 30 
Poland — — -- 10 = m 10 
Rusia — — — ^ 150 2,400 не = 2,550 
Saudi Arabia —  —čć 39 32 у = 71 
Serbia " 35 T Ж 35 
о а - 465 - -. 465 
South Africa —— — 7 12 ка " E 12 
Spain OO 150 70 ~ m 220 
Turkey 50 434 zs = 484 
Ukraine с ~ 120 20 80 220 
о, йо = 191 195 526 

Тога] 2,660 7,510 378 845 11,400 


1 
Data аге rounded to no more than three significant digits; 


2 А may not add to totals shown. 
Includes capacity at operating plants, as well as at plants 


on standby basis. 
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Country 
Australia 
Austria, crude 
Brazil, beneficiated 
Canada*? 
China* 
Colombia* 
Greece, crude 
Guatemala 
India* 
Iran* 
Korea, North* 
Pakistan 
Poland, concentrate 
Russia* 
Serbia, crude" 
Slovakia, concentrate 
South Africa 
Spain* 


Turkey, run-of-mine 
United States 
Zimbabwe 

Total 


2007 
447,000 
811,556 
399,314 
140,000 

14,000,000 
42,000 
351,414 
7,612 
360,000 


112,229 4 


55,000 
2,370 
65,000 
1,200,000 


т 


957,000 
80,700 


461,901 * 


802,406 
W 
1,814 


20,300,000 
"Estimated. "Revised. W Withheld to avoid disclosing company proprietary data; not included in "Total." -- Zero. 
"World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


TABLE 9 
MAGNESITE: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 


2008 
126,000 
837,476 
421,333 
140,000 

15,600,000 
38,000 
361,165 
11,758 
350,000 


115,987 * 


150,000 


3,500 ^* 
60,000 * 


1,200,000 
807,000 
83,900 
460,000 


677,784 
W 


2,549 
21,400,000 


r 


r 


2009 
344,000 
544,716 
409,909 ' 

140,000 
13,000,000 
250,234 
17,247 
340,000 
115,000 
150,000 

4,000 ' 

47,000 
1,000,000 


r 


478,000 


47,600 "4 


460,000 


861,180 
W 


449 


18,200,000 


2010 
275,000 ' 
757,063 ' 
483,882 ' 
150,000 

14,000,000 
300,000 
17,500 
345,000 ' 
115,000 
150,000 
4,000 ^* 
50,000 * 
1,200,000 


r 


650,100 
58,000 ‘ 
460,000 
1,000,000 * 
W 
5,000 ^* 
20,000,000 * 


2011* 
300,000 
760,000 
484,000 
150,000 

14,500,000 


em 


300,000 
17,000 
350,000 
115,000 
150,000 
3,800 
50,000 
1,200,000 
600,000 
70,000 
460,000 
1,000,000 
W 

5,000 
20,500,000 


°F igures represent crude salable magnesite. In addition to the countries listed, Bulgaria produced magnesite, but output is not 
reported quantitatively, and available information is inadequate for formation of reliable estimates of output levels. Table 
includes data available through May 14, 2012. 


: Magnesitic dolomite and brucite. 
“Reported figure. 
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TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF MAGNESIUM COMPOUNDS’ 
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2010 2011 
Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) Principal sources in 2011 
Magnesium chloride, anhydrous and other 87,900 $24,100 75,600 $22,100 Israel, 7196; Netherlands, 26%. 
Magnesium hydroxide and peroxide 5,500 13,900 6,110 17,800 Austria, 34%; Israel, 28%; Japan, 12%. 
Magnesium sulfate, natural epsom salts 3,340 780 2,400 819 China, 97%. 
Magnesium sulfate, natural kieserite 5,900 134 15,200 302 Germany, 100%. 
Magnesium sulfate, other 19,000 10,100 20,100 11,900 China, 41%; Germany, 24%; Mexico, 19%. 
‘Data are rounded to no more than three significant digits. 
Source: U.S. Census Bureau. 
TABLE 8 


WORLD MAGNESIUM COMPOUNDS ANNUAL PRODUCTION CAPACITY, 
DECEMBER 31, 2011"? 


(Thousand metric tons, MgO equivalent) 


Raw material 
Magnesite Seawater or brines 
Caustic- Dead- Caustic- Dead- 
Country calcined bumed calcined bumed Total 

Australia 218 110 -- -- 328 
Austria 76 325 -- -- 401 
Brazil 96 320 12 -- 428 
Canada 100 -- -- -- 100 
China 1440 2,740 -- -- 4,180 
France Be = 30 = 30 
Greece 90 110 -- -- 200 
India 20 202 -- -- 222 
Iran 25 40 -- -- 65 
Ireland ba e == 90 90 
Israel -- -- 10 60 70 
Кају 25 = 5 = 25 
Japan — -- 50 70 120 
Јогдап = за 10 50 60 
Korea, North 25 100 -- 125 
Korea, Republic of = as "e 40 40 
Mexico -- => 15 95 10 
Netherlands -- -- 10 165 175 
Могмау НИ Ee 30 EN 30 
Poland = 10 E _. 10 
Russia 150 2,400 zi -- 2,550 
Saudi Arabia 39 32 = s 71 
Зегђја E 35 a n 35 
Slovakia TN 465 EX a 465 
South Africa 12 = КУ 2 12 
Spain 150 70 x: -- 220 
Turkey с 50 434 -- -- 484 
Ukraine -- 120 20 80 220 
United States 140 e 191 195 526 
-- Zero. : 


| 
Data . е e е 
а " юн to по more than three significant digits; may not add to totals shown. 
cludes capacity at operating plants, as well as at plants on standby basis. 
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Australia 


Country 


Austria, crude 
Brazil, beneficiated 


Canada^? 
China* 
Colombia‘ 


Greece, crude 


Guatemala 
India‘ 
[ап 


Korea, North* 


Pakistan 


Poland, concentrate 


Russia* 


Serbia, crude* 


Slovakia, concentrate 
South Africa 


Spain* 


Turkey, run-of-mine 
United States 


Zimbabwe 
Total 


2007 
447,000 
811,556 
399,314 
140,000 

14,000,000 
42,000 
351,414 
7,612 
360,000 


112,229 4 


55,000 
2,370 
65,000 
1,200,000 
957,000 
80,700 


461,901 4 


802,406 
W 


1,814 
20,300,000 


r 


TABLE 9 
MAGNESITE: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 


2008 
126,000 
837,476 
421,333 
140,000 

15,600,000 
38,000 
361,165 
11,758 
350,000 


115,987 * 


150,000 


3,500 ^* 
60,000 * 


1,200,000 
807,000 
83,900 
460,000 


677,784 
W 


2,549 
21,400,000 


r 


r 


2009 
344,000 
544,716 


409,909 " 


140,000 
13,000,000 


250,234 
17,247 
340,000 
115,000 
150,000 
4,000 
47,000 
1,000,000 


478,000 


47,600 "4 


460,000 
861,180 

\ 

449 
18,200,000 


f 


r 


2010 
275,000 ' 
757,063 * 
483,882 " 
150,000 

14,000,000 
300,000 
17,500 
345,000 " 
115,000 
150,000 


4,000 ^* 


50,000 * 
1,200,000 


f 


650,100 
58,000 " 
460,000 
1,000,000 * 
W 


5,000 ^* 
20,000,000 " 
“Estimated. "Revised. W Withheld to avoid disclosing company proprietary data; not included in “Total.” -- Zero. 
"World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


2011° 
300,000 
760,000 
484,000 
150,000 
14,500,000 


300,000 
17,000 
350,000 
115,000 
150,000 
3,800 
50,000 
1,200,000 
600,000 
70,000 
460,000 
1,000,000 
\ 

5,000 
20,500,000 


°F igures represent crude salable magnesite. In addition to the countries listed, Bulgaria produced magnesite, but output is not 
reported quantitatively, and available information is inadequate for formation of reliable estimates of output levels. Table 
includes data available through May 14, 2012. 


: Magnesitic dolomite and brucite. 


‘Reported figure. 
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MANGANESE 


By Lisa A. Corathers 


Domestic survey data and tables were prepared by Connie Lopez, statistical assistant, and the world production tables were 


prepared by Glenn J. Wallace, international data coordinator. 


In 2011, U.S. manganese apparent consumption was estimated 
to be 699,000 metric tons (t) on a contained-weight basis, a 
slight decrease from the revised amount of 721,000 t in 2010 
(table 1). Receipts of manganese ore to the U.S. Government's 
National Defense Stockpile (NDS) accounted for the decrease in 
apparent consumption. 

Manganese exports decreased by 4796 to 19,700 t compared 
with those of 2010, based on the typical manganese contents 
of the materials as calculated in table 4. Manganese imports 
increased by 1996 on a content basis to 899,000 t compared 
with those of 2010, based on U.S. Census Bureau data for 
manganese ore, ferromanganese, and silicomanganese, and the 
stochiometric ratios for manganese dioxide and manganese 
metal. 

In 2011, the annual average domestic contract price of ore 
decreased by 18% from that in 2010 (revised). The annual 
average international benchmark price of metallurgical-grade 
ore decreased by about 2396, based on quarterly contract prices 
between Australian producers and Japanese consumers in 2011. 
Average U.S. spot-market prices for high- and medium-carbon 
ferromanganese and silicomanganese decreased from those in 
2010 by 7%, 16%, and 7%, respectively (table 1). The average 
spot market price for manganese metal increased by 12% from 
that in 2010. 

The DLA disposed of (sold) 13,154 t of high-carbon 
ferromanganese and added 301,047 t of metallurgical-grade 
manganese ore. Аз a result, the amount of manganese materials 
in the NDS at yearend 2011 increased by almost one-fourth 
(content basis) compared with that in 2010, leaving an inventory 
that was one-half the U.S. manganese apparent consumption in 
2011. 

World production of manganese ore in 2011 increased by 6% 
each on a gross-weight and contained-weight basis compared 
with that in 2010. China and South Africa were the leading 
producers of manganese ore on a gross-weight and contained- 
weight basis, respectively (table 8). Combined world production 
of ferromanganese and silicomanganese increased by 8% to 
16.0 million metric tons (Mt) on a gross-weight basis compared 
with the revised amount in 2010 (table 9). China was the leading 
producer of these manganese ferroalloys. 

Manganese is essential to iron and steel production by 
virtue of its sulfur-fixing, deoxidizing, and alloying properties. 
Steelmaking, including its ironmaking component, accounted 
for most of the reported domestic manganese consumption, 
currently in the range of 77% to 9096 of U.S. apparent 
consumption. Among a variety of other uses, manganese is a key 
component of certain widely used aluminum alloys and is used 
in oxide form in dry cell batteries. 
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Legislation and Government Programs 


Air Quality, Emissions Limits.—In June, the U.S. 
Environmental Protection Agency (EPA) amended the national 
emission standards for hazardous air pollutants (NESHAP) for 
plating and polishing area emission sources primarily to clarify 
that bench-scale activities are exempted (U.S. Environmental 
Protection Agency, 2011a, p. 35744). 

In December, EPA revised the NESHAP for prepared animal 
feeds (except cat and dog) manufacturing in which manganese 


compounds are added as essential nutrients to products. 


The revisions, in part, removed the 95% efficiency design 
requirement for cyclones used in pelleting processes at large, 
existing prepared-feeds plants and clarified the technology 
requirement for emissions control at bulk loadout locations 
(U.S. Environmental Protection Agency, 2011c, p. 80261). 

Toxic Substances Control Act, Significant New Use Rule 
(SNUR).—In August, the EPA issued a final rule that required 
minimum 90-day premanufacture notice (PMN) for cobalt- 
lithium-manganese-nickel oxide such as that used as battery 
cathode material. In addition to manufacturing, the PMN 
also applies to importers and processors of this material. The 
PMN would allow the EPA to evaluate the intended use and, 
if necessary, prohibit or limit that activity before it took place 
(U.S. Environmental Protection Agency, 2011b, p. 47996). 

Stockpile.—The Annual Materials Plan (AMP) for fiscal 
year 2011 that the Defense Logistics Agency, DLA Strategic 
Materials issued on October 1, 2010, covered the period from 
October 1, 2010, through September 30, 2011. Under this AMP, 
the maximum disposal authority for manganese materials was 
90,718 t each for metallurgical-grade manganese ore and high- 
carbon ferromanganese (Defense National Stockpile Center, 
2011). The maximum disposal authority under an AMP is the 
maximum quantity of material that may be disposed in a given 
fiscal year as authorized by Congress; these may differ from the 
disposal authority quantities listed in table 2. 

For calendar year 2011, the DLA disposed of (sold) 13,154 t 
of high-carbon ferromanganese and added 301,047 t of 
metallurgical-grade manganese ore. The positive manganese 
ore inventory reflected material that was unobligated from a 
prior sale. The amount of high-carbon ferromanganese and 
metallurgical-grade manganese ore that was in the NDS at 
yearend was 356,000 t and 292,000 t, respectively (gross 
weight). The estimated manganese content of this combined 
material was 340,000 t, which was 24% more than the amount 
contained at yearend 2010. 
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Exploration and Development 


American Manganese Inc. (White Rock, British Columbia, 
Canada) completed a revised National Instrument (NI) 43-101 
resource study estimate of its Artillery Peak manganese project 
(Mohave County, AZ). Indicated resources were 220.9 Mt at an 
average grade of 2.84% manganese (above a 0.90% manganese 
cutoff grade). Inferred resources were 56.3 Mt at an average 
grade of 2.84% (above а 0,90% manganese cutoff grade). Pilot 
plant testing was conducted from August through December 
2011, which determined the technical viability of using a 
hydrometallurgical process to produce electrolytic manganese 
metal (EMM) of more than 99% purity. On November 21, 
the company received its first environmental permit for the 
project—a storm water discharge permit from the Arizona 
Department of Environmental Quality. Starting in January 
2012, the company planned to pilot test electrolytic manganese 
dioxide (EMD) production for use in lithium ion batteries 
(American Manganese, Inc., 2011a-c). 


Production 


Ore and Concentrate, —The only mine production of 
manganese in the United States consisted of small amounts of 
manganiferous material having a manganese content of less than 
5%. This material was produced in South Carolina for use in 
coloring brick. | Е 

Chemicals, Ferroalloys, and Metal.—Production statistics 
for these materials were withheld to avoid disclosing company 
proprietary data. Domestic producers of manganese ferroalloys, 
metal, and synthetic dioxide are listed in table 3. 

On February 14, Tronox Inc., a U.S. EMD producer, emerged 
from Chapter 11 bankruptcy after 4 years (Tronox Inc., 

2011). EMD is used as a cathode material in some primary 
(throw-away) and secondary (rechargeable) batteries. In 2011, 
Eramet Marietta Inc. produced only ferromanganese (no 
silicomanganese) in two of three furnaces at its Marietta, OH, 
ferroalloys plant. Eramet Marietta’s third furnace, Furnace 

No. 18, Баз remained idled since March 7, 2009, when it mee 
damaged by a buildup of pressure (Platts Metals Week, 2011; 
Metal-Pages, 2012). American Metal Market (2012) reported 
that Felman, which markets silicomanganese produced from its 
Felman Production Inc. Letart, WV, plant, and a plante in 
Georgia, Romania, and Ukraine, accounted for 50% of the U.S. 


silicomanganese market. 


Consumption, Uses, and Stocks 
U.S. manganese apparent consumption was estimated 
00 t (table 1). Metallurgical applications ассо 
tic manganese ee 85% aa d И 
ејта те. Reported consumptio 
А еке т silicomanganese increased by 
Hn e 9%, respectively from that in 2010 (table 4). RON 
ese metal consumption in 2011 decreased by 6% — 
а d with that in 2010. Because of incomplete reporting 
EIS Geological Survey (USGS) voluntary consumption 
| I the figures in this table represent relative rather than 
su > 


absolute quantities. 


In 2011, 
to be 699,0 
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Based on the apparent consumption of ferromanganese, 
manganese metal, and silicomanganese, on a gross-weight 
basis, manganese alloy unit consumption in steelmaking was 
about 6.8 kilograms per metric ton (kg/t) or about 2 times the 
reported consumption in 2011. This level was slightly less than 
the revised quantity of 6.9 kg/t estimated for 2010 and was 
predominantly a result of a decrease in ferromanganese apparent 
consumption. The decrease in the ferromanganese apparent 
consumption was attributable to a decrease in high-carbon 
ferromanganese shipments from the NDS in 2011 compared 
with those in 2010. 

Relatively small quantities of manganese were used for 
alloying with nonferrous metals, chiefly in the aluminum 
industry as manganese-aluminum briquettes that typically 
contained either 75% or 85% manganese. Manganese plays an 
important alloying role in aluminum applications to increase 
corrosion resistance. The most important use of aluminum- 
manganese alloys is in the manufacture of beverage cans. 
Other uses include, but are not limited to, aircraft, automobiles, 
cookware, radiators, and roofing (Roskill Information Services 
Ltd., 2008, p. 195, 200). 

Comparatively small amounts of manganese were used 
domestically in animal feed, brick coloring, dry cell batteries, 
fertilizers, and manganese chemicals. These were among the 
many nonmetallurgical applications of manganese (Козк 
Information Services Ltd., 2008, р. 206-229). The source of 
manganese units for these applications was mainly manganese 
ore. 

In 2011, reported domestic consumption of manganese оге 
increased by 14% to 532,000 t, while corresponding yearend 
stocks increased by 27% to 214,000 t, compared with the 
revised amounts in 2010 (table 1). Apparent consumption of 
manganese ore on a gross-weight basis in 2011 was about 
769,000 t, which excluded any manganese ore consumed 
directly by ironmaking and steelmaking plants. The USGS 
excludes reporting by these operations to avoid disclosing 
company proprietary information. The discrepancy between 
apparent and reported consumption represented incomplete 
reporting to the USGS voluntary consumption survey. —— 

Data on domestic consumption of manganese ore, exclusive 
of that consumed by the steel industry, are collected by means of 
the “Manganese Ore and Products” survey. In 2011, eight firms 
were canvassed that process ore or had processed ore in the past 
by such methods as grinding and roasting, or that consume 1t m 
the manufacture of dry cell batteries and manganese S a 
ferroalloys, and metals. Of those eight companies, all consume 
manganese ore in their processes in 2011. The collective 

А stitute all the 
consumption of these firms was considered to con E of 
manganese ore consumption in the United States, exclusive 9 
that consumed by the steel industry. F ull-year г Espona ЧЕ | of 
basis upon which to estimate the data were obtained from 4 


these firms for 2011. 
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There were significant decrease ж: 
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material prices, except for that of | de US. 
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market. The increase in the average manganese metal price was 
attributable to rising costs of manganese metal flake imports 
from China and South Africa and increased consumption in the 
domestic aluminum industry. 

Manganese Ore.—The USGS estimated the annual U.S. 
average contract price of metallurgical-grade ore containing 
46% to 48% manganese was $7.88 per metric ton unit (mtu). 
This was an 18% decrease compared with that in 2010, which 
followed the 23% decrease in the annual average international 
benchmark price for this grade of ore, as calculated from 
quarterly contract prices set between Japanese consumers and 
Australian producers (Australian Bureau of Resources and 
Energy Economics, 2012, p. 29). The only spot market prices 
reported for manganese ore were for deliveries to China. In 
2011, the average spot market price for metallurgical-grade 
ore containing 46% manganese based on weekly averages of 
Chinese cost and freight (CNF) transaction prices as reported 
by Ryan’s Notes was $4.84 per mtu; this was a 33% decrease 
from that of 2010. The range in CNF spot market prices per mtu 
were the highest in January at $6.50 to $6.80 and then trended 
downwards to finish the year at $4.65 to $4.75. The CNF prices 
remained relatively lower in 2011 than those in 2010 because 
of a dip in Chinese crude steel production and high manganese 
ore inventories at Chinese ports, which were reported to be more 
than 3.4 Mt at yearend (TEX Report, The, 2012b, d). The price 
of 1 metric ton of ore (gross weight) is obtained by multiplying 
the mtu price by the percentage manganese content of the ore; 
for example, by 46 when the manganese content is 46%. The 
ore market consisted of a number of submarkets because of 
differences in ore-quality requirements by end use—ferroalloy 
production, blast furnace ironmaking, and manufacture of 
manganese chemicals. 

Manganese Ferroalloys and Metal.—Prices for manganese 
ferroalloys tend to vary in response to changes in demand 
by the steel and ferrous foundry industries, while those of 
manganese metal predominantly follow changes in demand 
by the aluminum industry. Manganese ferroalloy prices are 
also influenced by changes in the product mix of the world’s 
suppliers because different manganese ferroalloys are largely 
interchangeable with each other. 

Annual average import prices for manganese ferroalloys are 
given by Platts Metals Week. These prices are based on free 
market spot prices per unit of measurement, duty-paid in U.S. 
warehouse. Annual average import prices were $1,310.57 per 
gross (long) ton for high-carbon ferromanganese, 108.43 cents 
per pound for medium-carbon ferromanganese, and 59.70 cents 
per pound for silicomanganese. These prices were 7%, 16%, and 
7% lower, respectively, than those of 2010. The annual average 
price for manganese metal is based on weekly averages of North 
American transaction prices published by Ryan’s Notes for 
bulk shipments of manganese metal, f.o.b. producing point ог 
Chicago, IL, or Pittsburgh, PA, warehouse. The annual average 
North American transaction price for manganese metal was 
181.79 cents per pound, which was a 1296 increase compared 
with that of 2010. 

According to Platts Metals Week, the price range for 
high-carbon ferromanganese containing 78% manganese, per 
gross ton, began the year at $1,300 to $1,350 and ended the year 
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at $1,150 to $1,190, for a 12% net decrease. The price range, 
per pound of manganese, for medium-carbon ferromanganese 
with a manganese content of 80% to 85% and a nominal carbon 
content of 1.5% began the year at 117 to 119 cents and ended 
the year at 95 to 97 cents, for a net decrease of 19%. The price 
range, per pound of alloy, for imported silicomanganese with 
2% carbon started the year at 59 to 62 cents and ended 2011 

at 52 to 49 cents, for a 14% net decrease. The decreases in 

net prices for manganese alloys were attributable to ample 
availability on the domestic market coupled with a lessening 
need by China and Europe for these materials from the United 
States towards yearend. 

According to Ryan’s Notes North American transaction 
prices, the 2011 yearend price range of manganese metal flake 
shipments was 163 to 166 cents per pound, a net decrease of 8% 
from the price of 177 to 180 cents per pound at the beginning of 
the year. This net price decrease was apparently the result of an 
oversupply of manganese metal flake in the United States. 


Foreign Trade 


In the absence of domestic mine production and recycling for 
manganese, U.S. net import reliance, as a percentage of apparent 
consumption, was 100% for manganese, the same as it has been 
for the past 26 years. The ensuing comparisons of foreign trade 
data were made on the basis of gross weight. 

In 2011, U.S. exports of manganese dioxide increased, while 
exports of ferromanganese, manganese metal, manganese ore, 
and silicomanganese decreased compared with exports of these 
materials for 2010 (table 5). The biggest year-to-year change in 
export, on a volume basis, was that of ferromanganese; these 
were 76% lower than those in 2010. Canada accounted for 43% 
of U.S. ferromanganese exports, followed by Mexico with 30%. 

In 2011, U.S. imports of ferromanganese, manganese dioxide, 
manganese ore, potassium permanganate, and silicomanganese 
increased compared with those of 2010, while imports of 
manganese metal decreased (table 6). The most significant 
year-to-year change, on a volume basis, was for imports of 
manganese ore containing 47% or more manganese; these 
were 21% greater than those of 2010. Increases in this import 
category were especially notable for Gabon, with an increase of 
114,400 t (50%). 

Antidumping Duty Administrative Reviews.—Final 
antidumping duty rates assessed in 2011 on imports of 
manganese materials to the United States are summarized in 
table 7. 

2011 Generalized System of Preferences (GSP) 

Review.— Under the annual GSP review for 2011, the 

President of the United States issued a de minimis waiver for 
potassium permanganate imports from India, a beneficiary 
developing country (BDC) (Office of the United States 

Trade Representative, 2012а). А de minimis waiver may be 
granted to a BDC when total U.S. imports from all countries 

of a product are small. The United States is a net exporter of 
potassium permanganate; in 2011, U.S. net exports of potassium 
permanganate totaled 9,205 t. 

United States-World Trade Organization (WTO) Chinese 
Raw Material Export Dispute Settlement Proceedings.—On 
July 5, a WTO Dispute Settlement Body (DSB) agreed with the 
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United States that China’s curbs placed on exports of various 
materials in 2009, including a 20% tax on ferromanganese, 
manganese metal, and silicomanganese exports and a 15% tax 
on manganese ore exports, were inconsistent with China’s WTO 
obligations. In January 2012, the WTO Appellate Body affirmed 
the DSB decision after China appealed. By doing so, the 
Appellate Body rejected China’s attempts to portray the export 
restraints as conservation or environmental! protection measures 
or measures taken to manage critical supply shortages (Office 
of the United States Trade Representative, 2011; 2012a). As of 
yearend 2012, China had yet to repeal these export taxes. 


World Industry Structure 


World manganese ore production was estimated by the USGS 
to be 16.0 Mt (contained manganese) in 2011, up 6% from 
the revised amount in 2010. Most (95%) manganese ore was 
produced in 12 countries. On a manganese-content basis, the 
leading producer countries of manganese ore were South Africa 
(21%), Australia (20%), China (18%), Gabon (12%), and Brazil 
(8%). Starting in 2008, Burma and Malaysia joined the ranks 
of significant manganese ore producers for the first time (table 
8). World manganese ferroalloy production was estimated by 
the USGS to be 16.0 Mt (gross weight) in 2011, an increase 
of about 8% compared with the revised amount in 2010. Ona 
gross weight basis, the leading producer countries of manganese 
ferroalloys were China (53%), India (10%), Ukraine (6%), 
South Africa (6%), Norway (4%), and the Republic of Korea 
(3%) (table 9). | 

CRU International Ltd. estimated that world apparent 
n of manganese ferroalloys increased by 8% to 
16.3 Mt in 2011 compared with that of 2010. Of that amount, 
10.1 Mt was silicomanganese, 4.5 Mt was high-carbon 
ferromanganese, and 1.7 Mt was refined (medium- and low- 
carbon) ferromanganese. World consumption was slightly more 
than CRU’s estimate of world manganese ferroalloys production 
in 2011 (16.1 Mt). The International Manganese Institute (Ма!) 
estimated world manganese ore production to be p Mt 
(contained manganese), which was an Increase of 12% from the 
[Mal estimate of 15.3 Mt in 2010. World apparent consumption 
of manganese ore was estimated by the ІМш іо be 16.5 Mt in 
2011 and 13.7 in 2010 (CRU Bulk F erroalloys Monitor, 2012, 

12: Mark Camaj, market analyst, International Manganese 
Institute, unpub. data, September 26, 2012). 


consumptio 


World Review 
materials projects scheduled for completion 


from 2011 through 2015 are listed in table 10. 

In 20 Tepic 1.5 million metric tons per year (Mt/yr) 
x an sanese ore and 345,000 t/yr of manganese ferroalloys 
iue were planned. Additional manganese mine capacity 
eric И (630,000 t/yr), South Africa (400,000 t/yr), and 
ME ral (150 000 Џуг). АП of the new manganese ferroalloys 
ae шашу ferromanganese, was in the Republic of Korea. 
i aT S.A. was the leading manganese ore and 
Кен producer in Brazil. Vale produced 2.6 Mt of 

in 2011, an increase of 39% from that of 2010. 
manganese jon produced about 2.1 Mt of 
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ore. Vale’s manganese ferroalloys plants produced 204,000t, 
slightly less than that in 2010 (Vale S.A., 2012, p. 4). 

China.—Chinese imports of manganese ore were at an alltime 
high of about 13.0 Mt (gross weight) in 2011, up 12% from 
those of 2010 (TEX Report, The, 2012b). This was 93% and 
28% of the USGS estimated Chinese and total world production 
(gross weight), respectively, in 2011. The leading sources of 
Chinese manganese ore imports were Australia (4.37 Mt), South 
Africa (3.46 Mt), Gabon (1.45 Mt), Ghana (0.85 Mt), and Brazil 
(0.79 Mt). Most of the imported manganese ore was blended 
with lower-grade domestic manganese ore for the production of 
manganese ferroalloys and metal. 

China was the leading producer of manganese ferroalloys in 
the world, but it still had nominal imports of ferromanganese 
(31,800 t) and silicomanganese (11,100 t). The country exported 
43% less ferromanganese in 2011 (30,800 t) than it did in 2010, 
and it exported significantly less silicomanganese (17,200 t, 

- 7696) (TEX Report, Tbe, 2012a). 

China, the leading producer of EMM in the world with about 
162 companies, produced an alltime high of 1.48 Mt of EMM 
in 2011, an increase of 796 from that in 2010. In 2011, EMM 
consumption in China was 1.34 Mt, which was a 15% increase 
from that of 2010. China's EMM production capacity in 2011 
was estimated to be 2.2 Mt/yr, or 9896 of the world total; this 
excluded 198,000 t/yr of capacity that was offline owing to the 
permanent closure of 25 plants and revamp of 11 plants for 
environmental reasons. The country exported about 162,000 t of 
EMM in 2011, a decrease of 2696 from that in 2010 (Tan, 2012, 
p. 2, 3, 9, 10). EMM exports to Japan, one of China's leading 
EMM importing countries, were down by 36% to 37,000 t in 
2011 from those in 2010, as Japan's steel industry began to use 
ultra low-carbon ferromanganese produced domestically asa 
substitute for some Chinese EMM (TEX Report, The, 2012c). 

In 2011, China was also the leading producer of EMD in the 
world, with total output of 229,000 t. This equated to 88% of 
the country’s annual production capacity held by 12 producers, 
which was 260,000 t. China’s share of the active world EMD 
production capacity in 2011 (428,500 t) was about 61%, — 
followed by the United States with 15%. Other countries with 
EMD capacity included Colombia, Greece, India, Japan, South 
Africa, and Spain. China’s EMD exports decreased to 47,5001 
in 2011 from 48,000 t in 2010 (Li, 2012, p. 6, 7, 29). | 

France.—Eramet SA reported а slight increase in worldwide 
manganese alloy output in 2011 to 805,000 t compared with that 
in 2010. The company owned manganese alloy plants in China, 
France, Norway, and the United States (Eramet SA, 2012, 

p. 34). Manganese ferroalloys production at Vale Rio Doce А 
Manganese Europe’s Dunkerque plant was 131 ‚000 t, about 070 
less than that in 2010 owing to a nonscheduled maintenance 
stoppage in the third quarter (Vale S.A., 2012, P- 4). 

Korea, Republic of.— In 2009, Dongbu Metal Co., 

Ltd. invented new technology to produce ultra үе т 
ferromanganese, which can be used as a substitute we 3 
EMM imports in certain high-manganese steel ined " 
2011, POS-HiMetal (a subsidiary of Korean steel e 
POSCO) began ultra low-carbon ferromanganese "E d Бе 
based on Dongbu Metal technology at a new plant loc 
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its Gwangyang Steelworks facility (POSCO, 2009; TEX Report, 
The, 2012c). 

Norway.—Eramet announced it would reduce manganese 
ferroalloys production in Norway by 20% in the fourth quarter 
of 2011 by stopping high-carbon ferromanganese production 
at its Sauda plant (Ryan’s Notes, 2011). Manganese ferroalloy 
production at Vale’s Mo I Rana plant was 101,000 t, a 4% 
decrease from that of 2010 (Vale, S.A., 2012, p. 4). 

South Africa.—Transnet SOC Ltd., South Africa's state-run 
port and rail utility continued to evaluate options for expanding 
manganese rail line and shipping port capacities. Transnet was 
responsible for transporting manganese ores from mines located 
in the Kalahari Basin in the Northern Cape region by bulk rail to 
the Port Elizabeth and Durban. As an interim solution, Transnet 
planned to increase its Port Elizabeth rail line capacity to 5.5 
Mt/yr by July 2012, while continuing to evaluate whether to 
locate a new 12-Mt/yr manganese facility at Port Ngqura or Port 
Saldanha by 2016—17. The manganese terminal at Port Elizabeth 
would then be vacated (Herbert, 2011, p. 12, 18, 29-30). 

Spain.—1n June, Grupo FerroAtlántica S.L. (Ferroatlantica) 
stopped silicomanganese production at its three plants in 
Spain and its FerroVen plant in Venezuela, owing to low 
prices. Ferroatlantica had total silicomanganese production 
capacity of 240,000 t/yr in Spain; 115,000 t/yr at the Boo plant, 
37,000 t/yr at the Cee plant, and 88,000 t/yr in Monzón. The 
company's Venezuelan silicomanganese production capacity 
in Puerto Ordaz was 22,000 t/yr (Metal-Pages, 2011; Grupo 
FerroAtlántica S.L., 2013). 

Ukraine.—Ukraine’s total output of manganese concentrate 
decreased by 39% in 2011 to 971,500 t, compared with that of 
2010. Manganese ferroalloy production also decreased in 2011 
by 36% for ferromanganese and 10% for both electrothermic 
manganese metal and silicomanganese. Nikopol Ferroalloy 
plant produced 643,000 t of silicomanganese and 126,600 t 
of ferromanganese, down 9% and 40%, respectively. OAO 
Zaporozhsky Ferro-Alloy Works produced 136,600 t of 
silicomanganese, 53,900 t of ferromanganese, and 14,100 t of 
electrothermic manganese metal, down 10%, 22%, and 10%, 
respectively, from those in 2010. Silicomanganese production at 
the Stakhanov Ferroalloy plant decreased to 63,000 t, which was 
a 25% decrease from that in 2010 (Interfax Russia & CIS Metals 
and Mining Weekly, 2012). 


Outlook 


The trend of domestic and global consumption for manganese 
is expected to follow closely that of steel production, for which 
the annual growth rate in the United States has been typically 
in the range of 1% to 2%. Although growth rates for some 
nonmetallurgical components of manganese consumption, 
especially batteries, may be higher than for steel production, this 
situation should have only a minor effect on overall manganese 
demand. 

Details of the outlook for the steel industry are discussed in 
the Outlook section of tbe Iron and Steel chapter of the 2011 
USGS Minerals Yearbook, volume I, Metals and Minerals. 
According to the World Steel Associatiori (2012), raw steel 
production in 2011, compared with that in 2010, increased by 
7.1% to 86.2 Mt in the United States and by 6.8% worldwide 
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to slightly more than 1.5 billion metric tons (Gt). Raw steel 
production in China, the leading world producer of raw steel, 
increased by 8.9% to about 696 Mt. MEPS (International) Ltd. 
(2012) forecast a 4% increase in world raw steel production to 
1.6 Gt in 2012 from that in 2011. 

Manganese metal is used primarily by the aluminum industry 
followed by the steel industry. The outlook for the aluminum 
industry is discussed in the Outlook section of the Aluminum 
chapter of the 2011 USGS Minerals Yearbook, volume I, Metals 
and Minerals. 

EMD is used by the primary and secondary battery industries. 
As a rough indicator of future EMD consumption, U.S. demand 
for primary and secondary batteries was projected to increase by 
4.8% annually through 2015 to $16.7 billion. Sales of secondary 
batteries in the United States were expected to increase at an 
annual rate of 5.796 through 2015. The value of global primary 
and secondary battery consumption was forecast to increase by 
8.196 annually through 2016 to $132 billion, with U.S demand 
rising below the average global rate. Consumption of secondary 
batteries globally was expected to rise at a faster rate than that 
of primary types, because many common electric devises, such 
as mobile telephones and portable computers, use secondary 
batteries (Freedonia Group, Inc., The, 2011, 2012). 
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TABLE 1 
SALIENT MANGANESE STATISTICS! 


(Thousand metric tons, gross weight, unless otherwise specified) 


2007 2008 2009 2010 2011 
United States: 
Manganese ore (20% or more Mn): 
Exports 29 48 15 14 1 
Imports for consumption 602 571 269 489 552 
Consumption” 351 464 422 468 532 
Stocks, December 31, consumers” 190 255 115 168 ' 214 
Ferromanganese: 
Exports 29 23 24 19 5 
Imports for consumption 315 448 153 326 348 
Consumption 272 304 242 292 303 
Stocks, December 31, consumers and producers 31 27 31 32° 25 
Consumption, apparent, manganese content? 979 844 451 721° 699 
Price, average: 
Ferromanganese, high-carbon‘ dollars per gross ton 1,420.00 2,740.00 1,210.00 1,400.00 1,310.00 
Ferromanganese, medium-carbon* cents per pound 104.98 213.13 100.52 129.09 108.43 
Manganese metal? do. 199.39 197.64 140.13 162.60 181.79 
Manganese ore price, c.i.£$ dollars per metric ton unit 3.10 12.15 7.95 9.64 € 7.88 
Silicomanganese" cents per pound 76.72 100.87 50.72 64.27 59.70 
World, production of manganese ore 34,500" 37,9007 33,500" 43,900" 46,600 


‘Revised. do. Ditto. 

'Data are rounded to no more than three significant digits. 

Exclusive of iron and steel plants. 

?Based on estimates of average content for all significant components except imports, for which content is reported. 
^Platts Metals Week, dealer import prices based on annual averages. 

*Ryan's Notes North American transaction prices based on weekly averages. 

Cost, insurance, and freight, U.S. ports. 


TABLE 2 
U.S. GOVERNMENT NATIONAL DEFENSE STOCKPILE MANGANESE STATISTICS IN 2011"? 


(Metric tons, gross weight) 
Inventory, yearend Annual Sales Inventory changes? 
Fiscal Calendar Materials Fiscal Calendar Fiscal Calendar 
Material ear" year Plan‘ ear’ year ear" year 
Metallurgical ore 292,000 292,000 90,700 — -- 301,000 301,000 
High-carbon ferromanganese 356,000 356,000 90,700 13,200 13,200 -12,700 -12,700 
Total 648,000 648,000 181,000 13,200 13,200 288,000 288,000 


-- Zero. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes stockpile- and nonstockpile-grade materials. 

?From previous year. 

*Twelve-month period ending September 30, 2011. 


Source: Defense Logistics Agency, DLA Strategic Materials. 
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TABLE 3 
DOMESTIC PRODUCERS OF MANGANESE PRODUCTS IN 2011 


______Ргодисљ ——— 
Сотрапу Plant location FeMn SiMn MnO, Type of process 
Energizer Holdings, Inc., Eveready Battery Co. Marietta, OH X Electrolytic. 
Erachem Cornilog, Inc. Baltimore, MD Х Chemical. 

Do. New Johnsonville, TN Х Electrolytic. 
Eramet Marietta, Inc. Marietta, OH X X Electric furnace. 
Felman Productions Inc. Letart, WV X Do. 

Tronox Inc. Henderson, NV X Electrolytic. 
Do. Ditto. 


'FeMn, ferromanganese; SiMn, silicomanganese; MnO,, synthetic manganese dioxide. 


TABLE 4 
U.S. CONSUMPTION, BY END USE, AND INDUSTRY STOCKS OF MANGANESE FERROALLOYS AND METAL IN 2011' 


(Metric tons, gross weight) 
Ferromanganese 
Medium and Manganese 
End use High carbon low carbon Total ^ Silicomanganese metal _ 
Steel: 
Carbon 116,000 110,000 226,000 58,600 1,370 
High-strength, low-alloy 20,000 10,500 30,500 6,360 -- 
Stainless and heat-resisting 6,970 2,460 9,430 15,200 965 
Full alloy 14,000 14,100 28,000 21,600 24 
Unspecified? 628 383 1,010 956 1,720 
Total 158,000 137,000 295,000 103,000 4,080 
Cast irons 6,550 363 6,910 490 5 
Superalloys W W W $3 316 
Alloys (excluding alloy steels) 452 249 701 2,920 10,500 
Miscellaneous and unspecified W W W W W 
Grand total 165,000 138,000 303,000 106,000 Р 14,900 
Total manganese content" 129,000 110,000 239,000 70,000 14,900 
Stocks, December 31, 2011, consumers and producers 10,600 14,000 24,600 21,700 623 
W Withheld to avoid disclosing company proprietary data; included with “Alloys (excluding alloy steels).” -- Zero. 
Data are rounded to no more than three significant digits; may not add to totals shown. 
?includes electrical and tool steel. 
3Internal evaluation indicates that silicomanganese consumption is considerably understated. 
4Estimated based on typical percentages of manganese content. 
оок—20!! 
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ТАВГЕ 5 
U.S. EXPORTS OF MANGANESE ORE, FERROALLOYS, METAL AND MANGANESE DIOXIDE, BY COUNTRY’ 


Country 


Ore and concentrates with 20% or more тапрапеѕе:? 
Сапада 
China 


Korea, Republic of 


Other (18 countries) 
Total 
Ferromanganese, all ртадез:“ 
Brazil 
Canada 
Chile 
Mexico 
Other (23 countries) 
Total 
5 сотапрапезе: 
Сапада 
Mexico 
Other (9 countries) 
Total 
Metal, including alloys and waste and scrap? 
Canada 
China 
Hong Kong 
India 
Japan 
Other (26 countries) 
Total 
Manganese dioxide: 
Belgium 
Canada 
Netherlands 
Other (49 countries) 
Total 
"Revised. 


2010 


Quantity, 


gross weight 
(metric tons) 


3,160 
8,790 
306 
1,700 ' 
13,900 


2,170 
5,550 
1,570 
9,610 
218' 
19,100 


2,150 
5,030 
2,180 
9,360 


233 
690 
849 
626 
311 
951° 
3,660 


1,790 
4,090 
453 
2,650 * 
8,980 ' 


Value, 


f.a.s.? 
(thousands) 


$366 
2,190 
395 
3,040 ' 
5,990 


3,750 
8,130 
2,720 
12,700 
494 ' 
27,800 


4,590 
6,760 
1,720 
13,100 


736 
1,640 
3,530 
1,450 

683 
2,290 ' 

10,300 


4,220 
4,220 
1,700 
4,520 ' 
14,700 


'Data are rounded to по more than three significant digits; may not add to totals shown. 


?YFree alongside ship. 


2011 


Quantity, 
gross weight 
(metric tons) 


372 
91 
408 
490 
1,360 


139 
1,960 
26 
1,360 
1,030 
4,510 


7,450 
659 
359 

8,470 


573 
1,360 
11 
267 
505 
661 
3,370 


1,510 
5,180 
1,090 
3,120 
10,900 


"Countries listed imported more than 300 metric tons from the United States based on a 2-year average. 
‘Countries listed imported more than 500 metric tons from the United States based on a 2-year average. 


Source: U.S. Census Bureau. 
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Value, 


f.a.s? 
(thousands) 


$400 
98 
527 
475 
1,500 


408 
2,930 
73 
1,780 
2,580 
7,780 


9,870 
918 
355 

11,100 


2,170 
4,720 
24 
582 
1,150 
1,460 
10,100 


4,820 
4,800 
2,590 
6,180 
18,400 


47.9 
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ТАВГЕ 6 
U.S. IMPORTS FOR CONSUMPTION OF MANGANESE ORE, FERROALLOYS, METAL, AND SELECTED CHEMICALS, BY COUNTRY! 


а а 


2010 2011 
Quantity Value, Quantity Value, 
Gross weight Mn content customs Gross weight Mn content customs 
Country (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
Ore and concentrates with 20% or more manganese: 
All grades: 
Australia 86,400 65,200 $24,900 161,000 70,500 $34,500 
Brazil 6,780 3,440 2,520 9,500 4,750 3,530 
China 707 481 637 = ЈЕ = 
Gabon 246,000 125,000 70,700 361,000 183,000 98,500 
Georgia 12,400 8,610 13,000 - МА ~ 
Ghana 36,600 10,300 5,080 = = z 
Mexico 2,920 1,050 687 4,540 1,640 1,060 
Morocco 1,540 791 217 902 454 317 
South Africa _ 95,400 40,100 15,500 13,000 5,530 6,700 
Other (3 countries) - - — 1,400 588 329 
Тога] 489,000 255,000 133,000 552,000 266,000 145,000 
More than 20% but less than 47% manganese:” 
Australia -- = ЗА 82,200 32,300 15,700 
Brazil -- ae а: 3,220 1,480 1,150 
Gabon 16,800 7,480 2,320 17,900 7,950 3,070 
Ghana 36,600 10,300 5,080 EN ~ - 
Mexico _ 2,920 1,050 687 4,540 1,640 1,060 
South Africa _ 71,400 30,300 9.490 13,000 5,520 6,680 
Other (2 countries) — -- ~ 652 217 208 
Total 134,000 49,100 17,600 122,000 49,100 27,900 
Australia 86,400 65,200 24,900 78,600 38,300 18,800 
Brazil 6,780 3,440 2,520 6,280 3,260 2,380 
China 707 481 637 = -- = 
Gabon 229,000 117,000 68,300 344,000 175,000 95,400 
Georgia 12,400 8,610 13,000 - = i 
Morocco 1,540 791 217 902 454 317 
South Africa 18,000 9,850 6,010 20 10 E 
Other (2 countries) = s = 743 372 121 
Тога! 355,000 206,000 116,000 430,000 217,000 117,000 
Ferromanganese; —— 00 0 —— ~ 
Australia 4,040 3,140 4,200 9,030 6,990 8,950 
^ China 32,900 28,000 75,500 17,500 15,400 47,500 
е o 15,700 11,200 19,000 2,600 1,770 3,110 
^ Korea, Republic of _____________ 16,900 13,500 35,700 33,600 26,900 59,000 
Mexico _______________- 21,500 17,200 44,000 19,500 15,800 3650 
Norway _____________--- 35,000 28,000 56,600 24,200 19,300 E 
— South Affica _ __ ____ 152,000 118,000 199,000 208,000 161,000 251,000 
Ukraine 40,300 31,600 47,100 31,100 24,200 34,400 
^ Oter(l3coutrie) — 0000 ~ 8,310 6,350 11,900 3,170 2,620 4o 
Total 326,000 257,000 493,000 348,000 274,000 483,000 
1% or less carbon: 00 
— China 21,700 19,000 55,100 17,200 15,200 46,9 
___Когеа, Republicof ____________- - -- -- 222 200 000 
Mexico 10,200 8,200 21,100 8,960 7,260 on 
Ne 3,810 3,090 7,830 6,480 5,220 bn 46 


Norway 
South Africa 
Other (3 countries) 
Total 
More than 1% but not more than 2% carbon: 
China 
Korea, Republic of 


___Korea, Republicor _______________- 
Mexico 
Norway 
South Africa 

See footnotes at end of table. 


11,100 
12,400 
11,300 
18,500 
31,200 


8,890 
9,920 
8,970 
14,900 
24,700 


70 


20,300 
27,100 
22,900 
34,600 
55,000 
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TABLE 6—Continued 
U.S. IMPORTS FOR CONSUMPTION OF MANGANESE ORE, FERROALLOYS, METAL, AND SELECTED CHEMICALS, BY COUNTRY! 


i ИН 
2010 2011 
Quantity Value, Quantity Value, 
Gross weight Мр content customs Gross weight Mn content customs 


Country (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 


Ferromanganese—Continued: 
More than 1% but not more than 2% carbon—Continued: 


Ukraine -- -- -. 392 342 783 
Other (6 countries) 1,270 1,010 2,650 40 32 122 
O Toa OOOO 890 6840 163000 7450 ____60300 1300 
More than 2% but not more than 4% carbon: ee 
China 60 32 114 -- -- -- 
South Africa 180 166 464 378 329 922 
Other (2 countries) 51 40 51 3 2 6 
Total 291 238 629 381 331 928 
More than 4% carbon: eS 
Australia 4,040 3,140 4,200 9,030 6,990 8,950 
France 15,700 11,200 19,000 2,600 1,770 3,110 
Korea, Republic of 1,500 1,130 1,800 1,830 1,380 2,080 
Mexico 8 6 15 -- = EN 
Norway 12,700 9,980 14,200 9,820 7,680 10,600 
South Africa 120,000 93,100 144,000 183,000 141,000 208,000 
Ukraine 40,300 31,600 47,100 _ 30,700 23,900 33,600 
Other (10 countries) 6,190 4,580 7,260 1,530 1,140 1,860 
Total 201,000 155,000 237,000 239,000 184,000 268,000 
Silicomanganese:? 
Australia 31,200 20,700 32,700 44,800 29,800 45,500 
Georgia 79,200 54,300 98,100 100,000 69,500 120,000 
Mexico 12,500 8,180 14,700 12,700 8,290 13,900 
Norway 38,300 23,900 61,600 33,500 21,000 55,300 
South Africa 122,000 81,500 145,000 143,000 94,900 163,000 
Spain 5,560 3,370 10,900 4,880 2,950 9,810 
Other (11 countries) 7,730 ' 5,010 € 17,700 8,930 5,430 9,800 
Total 297,000 197,000 381,000 ' 348,000 232,000 417,000 
Metal? 
Unwrought:* 
China 25,900 XX 64,400 26,900 XX 82,100 
Germany 852 XX 2,650 233 XX 867 
Hong Kong 916 XX 2,510 100 XX 319 
South Africa 5,450 XX 18,300 5,940 XX 23,200 
Vietnam 1,230 XX 3,010 680 XX 2,010 
Other (8 countries) 305 € XX 976 ' 384 XX 1,630 
Total 34,600 XX 91,800 34,200 XX 110,000 
Other manganese, wrought, other (11 countries) 617 ' XX 3,110 369 XX 1,320 
Waste and scrap: 
Canada 698 XX 300 687 XX 312 
Other (4 countries) 88 XX 138 17 XX 26 
Total 786 XX 438 704 XX 338 
Manganese dioxide: 
Belgium 197 XX 435 484 XX 582 
Colombia 680 XX 1,310 600 XX 1,150 
Japan 7,220 XX 16,000 9,000 XX 20,100 
Mexico 8 XX 14 1,010 XX 941 
South Africa 13,100 XX 36,400 16,600 XX 44,600 
Other (11 countries) 739 € ХХ 964 € 692 ХХ 769 
Total 21,900 XX 55,100 28,400 XX 68,200 
Potassium permanganate:” 
India 690 XX 2,140 1,570 XX 4,780 
Other (9 countries) 400 ' XX 1,200 ! 131 XX 421 
Total 1,090 XX 3,330 1,700 XX 5,200 


See footnotes at end of table. 


MANGANESE—201 I 


47.11 


TABLE 6—Continued 
U.S. IMPORTS FOR CONSUMPTION OF MANGANESE ORE, FERROALLOYS, METAL, AND SELECTED CHEMICALS, BY COUNTRY! 


"Revised. XX Not applicable. — Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Countries listed exported more than 300 metric tons (gross weight) to the United States based on the 2-year average. 


*Countries listed exported more than 5,000 metric tons (gross weight) of total ferromanganese to the United States based on the 2-year average. 
^Imports of unwrought metal include flake, powder, and other. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 


TABLE 7 
MANGANESE MATERIALS: FINAL ANTIDUMPING DUTY RATES ASSESSED IN 2011, BY DATE! 


ааа аы ЕСЕ к. 


Country Period of 
Date Imported material of origin investigation Producer and duty rate 
November 29 Silicomanganese Brazil 5-year review? All imports (17.60%), except those from: 
Rio Doce Manganes S.A. and its 
subsidiary Companhia Paulista de 
Ferro-Ligas (64.93%) 
Do., do. Ditto. 


“Antidumping duties are assessed by the U.S. International Trade Commission. 
*Conducted on existing antidumping duty order by the International Trade Administration of the U.S. Department of Commerce. 


Source: Federal Register. 
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Coun 

Australia: 

Gross weight 

Mn content? 
Brazil: 

Gross weight 

Mn content 
Burma:’ 

Gross weight 

Mn content 
China:* *? 

Gross weight 

Mn content 
Gabon: 

Gross weight 

Mn content 
Ghana:’ 

Gross weight 

Mn content? 
India:' 

Gross weight 

Mn content 
Kazakhstan, concentrate: 

Gross weight 

Mn content" 
Malaysia: 

Gross weight 

Mn content! 
Мехісо:! 


Gross weight? 


Mn content 
South Africa;" 
Gross weight 
Mn content 
Ukraine: 
Gross weight 
Mn content" 
Other: 13 
Gross weight 
Mn content 
Total: 
Gross weight 
Mn content 


“Estimated. PPreliminary. ‘Revised. XX Not applicable. 


ercentage^ 4 


37-53 


33-51 


40" 


20-30 


45—53 


28-34 


10-54 


35-36 


32-45 


36-37 


30—8+ 


30-35 


ХХ 


TABLE 8 
MANGANESE ORE: WORLD PRODUCTION, BY COUNTRY"? 


2007 


5,289 
2,540 


1,570 
520 


49 
19 


10,000 
2,000 


3,300 
1,532 


1,854 ' 
515" 


2,016" 
726 € 


1,003 ' 
360 ' 


57 
22 


423 !! 
152 


5,996 
2,600 


1,720 
580 


1,270 ' 
421° 


34,500 ' 
12,000 * 


(Thousand metric tons) 


а RR RR 


Mn content, 


2008 


4,812 
2,320 


3,200 ' 
1,280 ' 


357 
143 


11,000 
2,200 


3,250 
1,441 


914° 
256 ' 


2,293 ' 
826 ' 


1,117" 
400 € 


537 
209 


472 
170 


6,807 
2,900 


1,447 
492 


1,700 ' 
611* 


37,900 ' 
13,200 * 


2009 


4,451 
2,140 


2,320 ' 
928 * 


607 
243 


12,000 
2,400 


1,992 7 
8817 


882 ' 
248 ' 


2,347 ' 
845 ' 


982 ' 
360" 


469 
183 


330 
119 


4,579 ' 
1,900 * 


932 
317° 


1,660 * 
592 ' 


33,500 ' 
11,200 ' 


2010 


6,465 
3,100 


2,620 ' 
1,048 ' 


750 
300 


13,000 
2,600 


3,201 7 
1,416 7 


1,529 ' 
426 ' 


2,858 ' 
1,013 т 


1,094 ' 
390 ' 


900 
351 


485 
175 


7,172 ' 
2,900 


1,589 
540 


2,260 ' 
855 ' 


43,900 ' 
15,100 ' 


"World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
*Table includes data available through October 16, 2012. Data pertain to concentrates or comparable shipping product, except that in a 


few instances the best data available appear to be for crude ore, possibly after some upgrading. 


2011 


6,963 
3,200 


2,815 
1,209 


586 
234 


14,000 
2,800 


4,070 ? 
1,858 7 


1,729 
484 


2,542 
895 


1,100 * 
390 


577 P 
225 


468 
171 


8,600 * 
3,400 * 


972 
330 


2,170 
801 


46,600 
16,000 


*In addition to the countries listed, Cuba, Panama, and Pakistan may have produced manganese ore and (or) manganiferous ore, but 


available information is inadequate to make reliable estimates of output levels. 
“May be average content of each year’s production rather than for content of typical products. 


5Metallurgical ore. 


SProduction of beneficiated ore as reported in Mineral Summary, Brasilia, Brazil, except where noted. Average content 43% Mn. 
"Reported by the International Manganese Institute. 


*SIÍncludes manganiferous ore. 


?The International Manganese Institute estimated Chinese manganese ore production, in gross weight and Mn content, respectively, to 


be, in metric tons, as follows: 2007—14,000,000 and 2,800,000; 2008— 19,000,000 and 3,400,000; 2009— 15,000,000 and 2,700,000; 
2010—17,000,000 and 3,100,000; and 2011—23,000,000 and 4,140,000. 


10Calculated metal content includes allowance for assumed moisture content. Includes ore and sinter. 
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TABLE 8&—Continued с 
MANGANESE ОВЕ: WORLD PRODUCTION, BY COUNTRY” 


Reported figure. 


"Mostly oxide nodules; may include smaller quantities of direct-shipping carbonate and oxide ores for metallurgical and battery 
operations. 


Š Category represents the combined totals of Bosnia and Herzegovina, Bulgaria, Burkina Faso, Burma, Chile, Cote oe 08 
Greece, Hungary, Indonesia, Iran, Italy (from wastes), Morocco, Namibia, Romania, Russia (concentrate), Sudan, Thailand, Turkey, 
Vietnam, and Zambia. 


TABLE 9 
1,2 
FERROMANGANESE AND SILICOMANGANESE: WORLD PRODUCTION, BY COUNTRY 


(Metric tons, gross weight) 
Country’ 2007 2008 2009 2010 2011° 
Argentina, electric furnace, silicomanganese 8,917 9,172 6,644 10,900 ' 10,900 
Australia, electric furnace: 
Ferromanganese 115,000 147,000 87,000 136,000 ж 
Silicomanganese 110,000 125,000 74,000 131,000 130,00 
Total 225,000 272,000 161,000 267,000 276,000 
Bahrain, electric furnace: 300 * 
Ferromanganese = a 5,700 5,600 35, ; 
Silicomanganese = ы 6,500 3,700 3,000 i 
Total р 1220 = 9300  3830' 
Brazil, electric furnace: 4,5 
Ferromanganese 205,000 190,000 75,000 72,600 ^^5 65,400 > 
Silicomanganese 214,000 198,000 79,000 168,600 ^*^ 169,900 5 
Total 419,000 é 388,000 $ 154,0006 241,200 "45 235,300 
Blast furnace, ferromanganese 600,000 600,000 350,000 350,000 350,000 
Electric furnace: 
Ferromanganese 1,930,000 2,100,000 2,070,000 2,300,000 2,400,000 
Silicomanganese 4,340,000 _ 5,000,000 — 5,430,000 5,840,000" 6,000,000 
Total, blast and electric furnaces 6,870,000 7,700,000 7,850,000 8,490,000" 8,750,000 
Egypt, electric furnace, ferroman апеѕе? 30,000 28,800 ' 26,300 * 20,000 * 30,000 
France, electric furnace: 4 
_ Feromanganse ~~ 143,900 " 46,600 46,000 138,100 ' 180809, 
_ Silicomanganese ____ — — — —— 65,400 60,200 54.100 62,400 ' Бн. 
ВТ не 209,300 г 106,800 100,100 200,500 ' 193,900 
[UT T T -—— — — ECT 200500" to 
 Femomenginese o ——————— 5.000 5.000 4,500 * 8,700 4 9,300 
—Silicomanganese ~~~ 120,000 120,000 112016* 203,464 4 220,000 
Total 125,000 125,000 116516* — 212,164 4 229,000 
_Ferromanganese ___----- 367,700" 386,200" 399100" 440,000' 340000. 
Silicomanganese 720,100" 848,700" 875,500: 1000000: 1,296,000 
Total 1,157,800 : 1,234,900 ' 1,274,600 € 1,440,000 ' 1,736,000 
Indonesia, electric fumace? SRO" 12349007 1,274,600" — 1440000" — 1,56000'. 
_Ferromanganese ———————— — —— 12,000 12,000 12,000 12,000 12,000 
Silicomanganese 6,000 7,000 7,000 8,000 8,000 
Total 18,000 19,000 19,000 20,000 20,000 
Ferromanganese 4,800 8,500 5.500 17,000 18,000 М 
_Silicomanganese ——————— — — —— 37,000 25,500 17,000 22,900 " 24,600 : 
а E EDEN 41,800 34,000 22,500 39,900 ' 42,600 
cerromanganese 420,151 431,181 361,375 453,265 456,798 * 
—Silicomanganese _ — — — ——— 52,901 58,884 49,205 49,865 48,798 3 
ERE AE 473,052 490,065 410,580 503,130 505,596 
Ta mace, silicomanganese 188,445 179,939 200,374 224,627 ' 220,000 
сонный ^ ^ = | 
aie 209,321 251,125 216,400 ' 286,259 ' de 4 
T3 105,607 76,184 151,100" 120,779 T : 
Ses footnotes at ead of Eis 314,928 327,309 367,500" 407,038 
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TABLE 9—Continued 
FERROMANGANESE AND SILICOMANGANESE: WORLD PRODUCTION, BY COUNTRY? 


us (Metric tons, gross weight) 
a Country? 2007 2008 2009 2010 2011* 
T Macedonia, electric furnace: 
| Ferromanganese = 12,623 2 "а ка 
Silicomanganese 70,472 54,931 == 36,705 ' 50,756 * 
Total 70,472 67,554 -- 36,705 ' 50,756 * 
Mexico, electric furnace: 
Ferromanganese 74,578 97,366 42,492 81,000 ' 74,000 * 
Silicomanganese 109,286 114,320 85,065 132,500 ' 139,000 4 
Total ___183,864 211,686 127557 213,500" 213000? 
NE Norway, electric furnace: 
NO Ferromanganese 291,400 € 308,400 ' 196,700 ' 297,300 ' 337,900 * 
"a Silicomanganese 305,600 ' 262,400 ' 231,300 ' 248,700 ' 266,000 * 
ud Total _ 597,000' _ 570,800 428,000" 546000 6039005 _ 
X Poland: Нанси тоника == ECCO eS 
: Blast furnace, ferromanganese 2,100 8,500 1,700 2,000 * 2,000 
TE Electric furnace, silicomanganese 15,600 25,100 EX set Ls 
"a Total 17,700 33,600 1,700 " 2,000 "° 2,000 
" Romania, electric furnace, silicomanganese" 26,868 4 10,000 -- 21,000 ' 29,000 
" Russia; | 
T Blast furnace, ferromanganese 120,000 110,000 88,000 * 171,600 * 160,000 
— Electric furnace, silicomanganese 40,000 40,000 98,700 * 147,900 4 150,000 
" Total 160,000 150,000 186,700 4 319,500 * 310,000 
д" Saudi Arabia, electric furnace: 
"i Ferromanganese 24,800 38,500 37,500 26,000 26,000 
— Silicomanganese 50,400 57,700 60,000 61,300 96,000 
Total 75,200 96,200 97,500 87,300 122,000 
i Slovakia, electric furnace: 
Ferromanganese 74,065 61,194 21,000 35,449 ' 18,180 4 
| Silicomanganese 71,587 59,940 32,000 34,960 ' 25,023 4 
ЈА Тога 145,652 121,134 53,000 70,409 ' 43,203 4 
| South Africa, electric furnace: 
bs Ferromanganese 699,000 5° 503,000 * 239,100 ' 239,100 ' 690,000 
Silicomanganese 298,400 ' 237,100 ' 135,100 ' 274,400 ' 313,600 4 
| Тога] 997,400 =° 740,100° 374,200 ' 513,500 € 1,000,000 
. Spain, electric furnace: 
А Еепотапрапезе 156,000 ' 161,000 " 60,100 " 134,000 " 108,000 
Silicomanganese 154,000 * 158,000 * 59,200 ' 132,000 " 164,000 
Total 310,000 * 319,000 * 119,300 : 266,000 ' 272,000 
ОКгаше: 
Blast furnace, ferromanganese 26,700 16,000 -- € -- € -- 
Electric furnace: 
Ferromanganese 368,000 362,400 129,400 280,100 180,500 4 
Silicomanganese 1,281,000 894,900 741,900 940,400 843,500 ^ 
Total, blast and electric furnaces 1,675,700 1,273,300 871,300 1,220,500 1,024,000 4 
United States, electric furnace, ferromanganese" W W W W W 
Venezuela, electric furnace: 
Ferromanganese 20,000 ' 20,000 ' 15,800 ' 5,300 ' 12,000 
Silicomanganese 52,000 ' 52,000 ' 45,800 ! 16,500 ' 24,000 
Total 72,000 ' 72,000 : 61,600 ' 21,800 * 36,000 
Grand total 14,400,000 " 14,600,000" 13,000,000" 15,400,000‘ 16,500,000 
Of which: 
Blast furnace, ferromanganese 749,000 735,000 440,000 524,000 512,000 
Electric furnace, excluding United States: 
Ferromanganese 5,150,000" 5,170,000" 4,050,000: 4,990,000 ' 5,540,000 
Silicomanganese 8,510,000" 8,670,000" 8,550,000" 9,890,000" 10,500,000 
Total 13,700,000 13,800,000" 12,600,000" 14,900,000 ' 16,000,000 


“Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data; not included in “Grand total.” -- Zero. 
'World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
*Table includes data available through December 13, 2012. 
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TABLE 9—Continued 
FERROMANGANESE AND SILICOMANGANESE: WORLD PRODUCTION, BY COUNTRY”? 


"In addition to those countries listed, ferromanganese may have been produced in Iran, but available information is inadequate to 


make reliable estimates of output levels. 

‘Reported figure. 

"Reported by the International Manganese Institute. 

$Total manganese ferroalloys production as reported in the Mineral Summary, Brasilia, Brazil. 
"India manganese ferroalloys production reported on a calendar-year basis. 

80.5. output of ferromanganese includes silicomanganese. 
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(Metric tons, gross weight, unless otherwise specified) 


TABLE 10 
MANGANESE MATERIALS: PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, ВУ YEAREND 2015^?? 


ЕЕ ЕЕЕ. 


Ргојес!ед 
year of first 
production 

2011 


2011 


2011 


2011 


2011 


2011 


2011 


2011 
2011 


2012 


2012" 


2012° 


2012 


2012" 


2012 


2012 
2012 
2012 
2012 


2012 


2012 


Country 
(state/province) 
Australia 
(Northern) 
China 
(Chongzuo, 
Guangxi) 
Cote d'Ivoire 
(Grand-Lahou) 
India 
(Sundargarh, 
Orissa) 
Do. 


India 


Korea, Republic of 
(Gangwon) 


Korea, Republic of 
(South Jeolla) 
South Africa 
(Northern Cape) 
Australia 
(East Pilbara) 


China 
(Chongzuo, 
Guangxi) 

Cote d'Ivoire 
(Grand-Lahou) 

China 
(Hunan) 


China 
(Jilin) 

Gabon 
(Haut-Ogooué) 


India 
(Andhra Pradesh) 
Do. 


Do. 


India 
(West Bengal) 
Russia 
(Kemerovo) 


South Africa 
(Mpumalanga) 


See footnotes at end of table. 
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Project and company 
Bootu Creek Manganese Mine 
OM Holdings Ltd. 


Pingle (formerly Guangxi) EMM Plant 
Guangxi Zhaohong Manganese Industry 


Co., Ltd. 
Lauzoua Mine 


Compagnie Miniére du Littoral (CML) 


Patmunda Manganese Mine? 


Orissa Manganese and Minerals Pvt. Ltd. 


Siljora Kalimati Manganese & Iron Ore 


Mine 
Rungta Mines Ltd. 
10 mines 
MOIL Ltd. 
Donghae Ferroalloys Plant 
Dongbu Metal Co., Ltd. 


Gwangyang FeMn Plant 

POS-HiMetal 

Kalahari Manganese Mine 

United Manganese of Kalahari 

Nicholas Downs (formerly Balfour 
Downs) Manganese Mine 

Mineral Resources Ltd. (50%) and 


Hancock Prospecting Pty. Ltd. (50%) 
Eramet New Guilin Ferroalloys Plant 


Eramet S.A. 


Lauzoua Mine 


Compagnie Minière du Littoral (CML) 


Kingray Changsha EMM Plant 

Kingray New Materials Science & 
Technology Co., Ltd. 

Sinosteel Jilin Ferroalloys Plant 

Sinosteel Jilin Ferroalloy Co., Ltd. 

Moanda Mine 

Compagnie Miniere de l'Ogooue 
(Comilog) S.A. 

Abhijeet Vizag Ferro-Alloys Plant 

Abhijeet Ferrotech Ltd. 

Maithan Vizag Ferro-Alloys Plant 

Maithan Alloys Limited 

Sarda Vizag Ferroalloys Plant 

Sarda Energy & Minerals Ltd. 

Amit Ferroalloys Plant’ 


Amit Ferro-Alloys & Steel Pvt. Ltd. 


Siberian Mining and Metallurgical 


Company (SGMK) Manganese Mine 


Siberian Mining and Metallurgical 

Company (SGMK) 
Machadodorp Ferroalloys Plant? 
Assmang Ltd. 


Project type 
mine expansion 


new EMM plant 


new mine 


mine expansion 
do. 


do. 


ferroalloys plant 
expansion 


new ferroalloys plant 
mine expansion 


do. 


new ferroalloys plant 


mine expansion 


EMM plant expansion 


new ferroalloys plant 


mine expansion 


new ferroalloys plant 
do. 
do. 
do. 


new mine 


ferroalloys plant 
conversion 


Incremental Total 
annual annual 
production production 
capacity capacity 

150,000 1,000,000 
NA 24,000 
NA 300,000 
210,000 360,000 
60,000 : 189,000 
360,000 1,200,000 
270,000 500,000 
NA 75,000 
400,000 © 2,200,000 ' 
370,000 720,000 
NA 95,000 ' 
70,000 : 
200,000 500,000 
30,000 40,000 
NA 100,000 
600,000" 4,000,000 
NA 290,000 
NA 96,400 ' 
NA 100,000 
NA 95,000 


NA 600,000 ? 


100,000 175,000 


Manganese product* 
Mn ore. 


EMM. 


Mn ore. 


Do. 
Do. 


Do. 

HC FeMn, MC 
FeMn, LC FeMn, 
SiMn. 

MC FeMn, LC 
FeMn. 

Mn ore. 


Do. 


HC FeMn, SiMn. 

MC FeMn, LC 
FeMn. 

Mn ore. 

EMM. 

MC FeMn, LC 
FeMn. 

Mn ore. 

HC FeMn, SiMn. 

Mn alloys. 

FeMn, SiMn. 


FeMn, SiMn. 


Mn ore. 


HC FeMn. 
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(Metric tons, gross weight, unless otherwise specified) 


= о АСА СЫА 


Projected Incremental Total 
year of first Country use А pie 
production (state/province) Project and company Project type с" + er ‚ 
2012 South Africa Metalloys Ferroalloys Plant ferroal Ру 228015 Manganese pot 
25 erroalloys plant 130,000 500,000 HC FeMn. 
(Meyerton) BHP Billiton Ltd. (60%) and Anglo expansion 
American Corp. (40%) 
2012 South Africa Кајаћап Manganese Mine mine expansion 400,000 2,700,000" Мпог. 
(Northern Cape) United Manganese of Kalahari 
2012 Do. Tshipi Kalahari Manganese Mine new mine NA 200.000 Do. 
Ntsimbintle Mining (Pty) Ltd. (50.1%) | 
and Jupiter Mines (49.9%) 
2012 Zambia Taurian Manganese Ltd. Mines? do. NA 240,000 Do. 
(Luapula) Dharni Sampda Private Ltd. Group (formerly 
Taurian Resources Private Ltd.) 
2013 Australia Groote Eylandt Mining Company Pty. Ltd. mine expansion 600,000 4,800,000 Do. 
(Northern BHP Billiton Ltd. (60%) and Anglo 
Territory, American Corp. (40%) 
Western Australia) 
2013* China Pingle (formerly Guangxi) EMM Plant EMM plant expansion ^ 36,000 60,000 EMM 
(Chongzuo, Guangxi Zhaohong Manganese Industry 
Guangxi) Co., Ltd. 
2013 China Ningxia Tianyuan EMM Plant do. 600,000 800,000 Do. 
(Ningxia) Ningxia Tianyuan Manganese Co., Ltd. 
2013 Gabon Moanda Metallurgical Complex new EMM and NA 65,000 — SiMn. 
(Haut-Ogooué) Compagnie Miniere de l'Ogooue ferroalloys plants NA 20,000 EMM. 
(Comilog) S.A. 
2013' Gabon M’Bembélé Manganese Mine new mine NA 800,000 Mn ore. 
(Moyen- Compagnie Industrielle et Commerciale 
Ogooué) des Mines de Huazhou (CICMH) 
2013° India Maithan Vizag Ferro-Alloys Plant!' ferroalloys plant 23,600 120,000 Мп alloys. 
(Andhra Pradesh) ^ Maithan Alloys Limited expansion 
2013 India Chandrapur Plant do. 90,000 * 190,000 *  FeMn, SiMn. 
(Bhandara, Steel Autbority of India Ltd. (SAIL)? 
Maharashtra) ——— 
2013 Indonesia Big George West Timor Mine mine expansion 360,000 * 720,000 * Mn ore. 
(East Nusa Braken International Mining 
Tenggara, West 
Timor) —— 
2013 Kazakhstan Aktobe Ferroalloys Plant new ferroalloys plant NA 400,000 НС FeMn. 
2013 Malaysia Pertama (formerly Samalaju) Ferroalloys do. NA 175,000" MC аран 
(Sarawak) Plant"? FeMn, Sin. 


—— 


ыыы ао S "АО ТОШУ И НО ммс сыы ы-ы ыы ш ыша Ed 
2013" Russia Usink Manganese Mine new mine NA 400,000 ^* Mn ore. 
Filial Zakrytogo Aktsionernogo 


(Mezhdure- 
chensk, Obshchestiva (ZAO) CHEK-SU.VK V 


| LLLLFememvo) X 1005000 Mni ore (sinter). — 
Kalagadi Manganese Mine new mine-beneficiation NA 3,000,00 


2013" South Africa 


orthern Cape Kalagadi Manganese Pty. Ltd. sinter complex | 
S Tshipi Kalahari Manganese Mine mine expansion 2,200,000 2,400,000 Мпоге 


2013 ро. Чай _ 


Tshipi é Ме Manganese Mining Pty. Ltd. —— РЕ 
A г D 3 
Kudumane Manganese Mine new mine NA 2,000,000 о 


2013" South Africa у ER 
(North West) Kudumane Manganese Resources Pty. Ltd. woe Mee 
2013 Zambia Various mines" new mine NA 250, 
(Central and Asia Minerals Ltd. (AML) «а _ 
Luapula) Е ecd 
See footnotes at end of table. 
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TABLE 10—Continued 
MANGANESE MATERIALS: PROJECTS SCHEDULED FOR COMPLETION, BY YEAR, BY YEAREND 201523 


(Metric tons, gross weight, unless otherwise specified) 


Incremental 


Total 
annual annual 
production production 


production (state/province) Project and company Project type capacity capacity __ Manganese product" 
40,000 EMM. 


2014 


2014 


2014 


2014 


2014 


2014" 


2014 


2014" 


2014" 


2014 


2014 


2014 


2015" 


2015 


2015 


China 
(Hunan) 

India 
(Balaghat, 


Madhya Pradesh; 


Bhandara, 

Maharashtra) 
India 

(Chhattisgarh) 


India 
(Visakhapat- 
nam, Andhra 
Pradesh) 

Indonesia 
(East Nusa 
Tenggara, West 
Timor) 

Malaysia 
(Johor Bahru) 

Malaysia 
(Sarawak) 


Mali 
(Gao) 
Mexico 
(Hidalgo) 


South Africa 
(Eastern Cape) 

South Africa 
(Northern Cape) 


Zambia 
(Luapula) 


Kazakhstan 
(Almaty) 

Malaysia 
(Sarawak) 


Zambia 
(Central and 
Luapula) 


Hunan Dongfang EMM Plant 


EMM plant expansion 


Hunan Dongfang (Orient) Mining Industry Ltd. 


Balaghat and Dongri Buzurg Mines 
MOIL Ltd. 


Bhilai Ferro-Alloys Plant 

MOIL Ltd. (5096) and Steel Authority 
of India Ltd. (SAIL) (5096) 

Bobbili Ferro-Alloys Plant 

MOIL Ltd. (5096) and Rashtriya Ispat 
Nigam Ltd. (5096) 


Big George West Timor Mine 
Braken International Mining 


Tanjung Langsat Project 

OM Materials (Johor) Sdn Bhd 

Pertama (formerly Samalaju) Ferroalloys 
Plant"? 

Pertama Ferroalloy SDN BHD 

Ansongo Manganese Mine 

Mali Manganese S.A. 

Tajo Naopa Manganese Mine 

Minera Autlán Sociedad Anónima 
Bursatil de Capital Variable 
(SAB de CV) 

Kalagadi Coega Ferroalloys Plant 

Kalagadi Manganese (Pty.) Ltd. 

Wessels Mine 

BHP Billiton Ltd. (44.4%), Anglo 
American Corp. (29.6%), Ntsimbintle 
(9%), and others (17%) 

Taurian Manganese Ltd. Mines 


Dharni Sampda Private Ltd. Group (formerly 


Taurian Resources Private Ltd.) 
Tekeli EMM Plant 


Electro Manganese and ThyssenKrupp AG 


Sarawak Ferroalloys Plant" 
OM Materials (Sarawak) Sdn Bhd 


Various mines? 


Asia Minerals Ltd. (AML) 


"Estimated. 'Revised. Do., do. Ditto. NA Not available. 
‘Estimated data are rounded to no more than three significant digits. 
?Projects in feasibility or later stages of development in 2011—12. Actual startup dates may be postponed, owing to economic or other 
factors. Additional projects might produce manganese materials by 2015, but not enough information was available to include them. 
*Includes projects having the following minimum tonnage capacities: 45,000 metric tons per year (t/yr) of manganese alloys or manganese 
ore; and 10,000 t/yr of electrolytic manganese dioxide or electrolytic manganese metal. 
“EMD Electrolytic manganese dioxide. EMM Electrolytic manganese metal. FeMn Ferromanganese. HC FeMn High-carbon 
ferromanganese. HC FeMn Low-carbon ferromanganese. MC FeMn Medium-carbon ferromanganese. Mn Manganese. SiMn Silicomanganese. 
“Includes five additional manganese mines situated in the region of Sundargarth, Orissa. 
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mine expansions 


new ferroalloys plant 


do. 


mine expansion 


new ferroalloys and 
sintering plants 
new EMM plant!® 


new mine 


mine expansion 


do. 


do. 


do. 


new EMM plant 


new ferroalloys and 
sintering plants 


new mine 


30,000 


500,000 ^* 1,700,000 ^* Mn ore. 


NA 75,000 
NA 31,000 
NA 37,500 
NA 20,000 


2,280,000 ° 3,000,000 


NA 300,000 
NA 66,000 
NA 50,000 
NA 100,000 ' 
200,000 ° 500,000 * 


NA 320,000 


500,000 1,500,000 
480,000 720,000 
МА 30,000 


МА 300,000 
МА 204,000 ' 
МА 61,000 
МА 400,000 


SiMn. 
FeMn. 


SiMn. 
FeMn. 


Mn ore. 


Mn ore (sinter).° 
HC FeMn. 
EMM. 

Mn ore. 


Do. 


HC FeMn. 


Mn ore. 


Do. 


EMM. 

Mn ore (sinter).'* 
SiMn. 

HC FeMn. 

Mn ore. 
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*MOIL Ltd. operates 10 mines, 6 of which are located in the Nagpur and Bhandara Districts of Maharashtra and 4 in the Balaghat District 
d Madhya Pradesh. The company has not specified which mines would be affected by the planned capacity expansion. 

The Amit ferroalloys plant will have a ferromanganese production capacity of 55,400 t/yr and a silicomanganese production capacity of 
39,600 t/yr. The plant will also have a ferrosilicon production capacity of 19,800 t/yr. 

*The Siberian Mining and Metallurgical Company (SGMK) Manganese Mine will have the capacity to produce 120,000 t/yr of manganese 
concentrates from the total ore mined. 
ЗА total of three ferrochromium furnaces at the Machadodorp Ferroalloys Plant will be converted to high-carbon ferromanganese production 
by 2012. 

Taurian Manganese Ltd. Zambian mines are located in Kabwe and Kapiri Mphoshi (Central Province) and Mansa (Luapula Province). 
!!The Maithan Vizag ferroalloys plant also has the capacity to produce ferrosilicon. 

Steel Authority of India Limited (SAIL) became the new owner of the Chandrapur Ferroalloys Plant when it acquired Maharashtra 
Elektrosmelt Ltd. on July 12, 2011. 

"The Pertama ferroalloys plant will also have the capacity to produce 112,000 Uyr of ferrosilicon by 2014. At 5196, Asia Minerals Ltd. 
(AML) has the majority interest in the plant. 

14 Asia Minerals Ltd. (AML) controls 49% of Kudumane Manganese Resources Pty. Ltd. 

Asia Minerals Ltd. (AML) has Zambian mining and prospecting licenses in the Central Province (Kabwe, Kapiri, Mkushi, Mphoshi, and 
Serenje) and the Luapula Province (Mansa). 

léfhe new Pertama EMM plant may also produce electrolytic manganese dioxide; total production capacity for EMD and EMM would be 


50,000 t/yr. 
The OM Materials Sarawak ferroalloys plant will also have a ferrosilicon production capacity 300,000 Џуг. 


l* Manganese ore feed to the sinter plant was expected to come from OM Holdings Ltd"'s wholly owned Bootu Creek (Australia) and 
joint-venture Tshipi Borwa (South Africa) mines. 


Sources: Company annual reports, presentations, and press releases; unpublished personal communications; and trade publications. 
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MERCURY 


By William E. Brooks 


Domestic tables were prepared by Shonta E. Osborne, statistical assistant, and the world production table was prepared by 


Glenn J. Wallace, international data coordinator. 


In 2011, no mines produced mercury as a principal product in 
the United States. The last domestic mine to produce mercury 
as its principal product, the McDermitt Mine in northern 
Nevada, closed in 1992. However, in 2011, mercury was 
produced as a byproduct of domestic gold-silver processing, 
mainly in Nevada, and may have been produced as a byproduct 
of processing other metals. Imported byproduct mercury was 
processed domestically, and the mercury was resold. Mercury 
was also produced from reclamation of mercury contained 
in fluorescent and compact fluorescent (CFL) lamps and a 
declining supply of mercury-containing automobile convenience 
switches, batteries, dental amalgam, electronic waste, medical 
devices, and thermostats. The chlorine-caustic soda industry 
was the leading domestic user of mercury for its mercury-cell 
plants, and some of that mercury was recycled in-plant. Data on 
domestic byproduct and recycled mercury production were not 
available. 

Since 1927, the common unit for measuring and pricing 
mercury has been the “flask,” which was set to conform to the 
historical measuring system used at Almaden, Spain (Myers, 
1951). One flask of mercury weighs 34.5 kilograms (kg), and 
] metric ton (t) of mercury contains approximately 29 flasks. 
The flask itself is a screw-top, welded-steel container that is 
approximately the size of a 2-liter bottle. 


Legislation and Government Programs 


In January, the U.S. Environmental Protection Agency (EPA) 
proposed regulatory changes to allow the use of nonmercury 
thermometers in petroleum refining, power generation, and 
testing for vehicle emissions. The National Institute of Standards 
and Technology (NIST), in collaboration with the EPA, 
announced on February 2, 2011, that it will no longer calibrate 
mercury-in-glass thermometers beginning on March 1, 2011 
(U.S. Environmental Protection Agency, 2011d). In January 
2012, the EPA issued a final rule to provide flexibility to the use 
of alternatives to mercury-containing thermometers in petroleum 
refining, power generation, and polychlorinated biphenyl (PCB) 
waste disposal, and the final rule will become effective on 
March 19, 2012 (U.S. Environmental Protection Agency, 2012). 

In March, the EPA proposed the first-ever national standards 
for mercury, arsenic, and other toxic air pollutants from 
coal-fired powerplants; these standards represent one of the 
strongest health protections from air pollution since passage 
of the Clean Air Act in 1970. These standards would require 
powerplants to install widely available, proven pollution control 
technology. The proposed standards provide up to 4 years for 
facilities to meet the standards, and once fully implemented, 
would prevent 9096 of the mercury in the coal from being 
released into the air. Additionally, these standards were expected 
to provide numerous health benefits as well as short- and long- 
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term construction and industry-related jobs (U.S. Environmental 
Protection Agency, 2011b). 

Also in March, the EPA proposed amendments to the national 
emission standards for mercury releases from mercury cell 
chlorine-caustic soda plants. The first option required the 
elimination of mercury emissions and conversion to nonmercury 
technology, and the second option required improvements that 
would result in near-zero mercury emissions while still allowing 
the mercury cell to operate (U.S. Environmental Protection 
Agency, 2011c). 

In December, the EPA proposed changes to the Clean Air 
Act Standards that would achieve extensive public health 
protection through reduction in toxic air pollutants, especially 
mercury, from boilers and incinerators. The proposed changes 
cut the cost of implementation and these new standards meet the 
requirements of the 1990 Clean Air Act Amendments 
(U.S. Environmental Protection Agency, 201 1a). 

In July 2009, the U.S. Food and Drug Administration (FDA) 
had classified mercury-containing dental amalgam as a moderate 
human health risk. However, in response to consumer petitions 
and letters, the FDA and an advisory panel decided to teview 
the existing scientific evidence that resulted in the FDA’s 
earlier pronouncement that dental fillings containing mercury 
do not cause harm to patients. The review was scheduled for 
completion in early 2011 (Zajac, 2010); however, by the end of 
2011, there had been no announcement. 

A reconnaissance study by the U.S. Geological Survey 
(USGS) to determine mercury concentrations in fish from 
Whiskeytown Lake, Shasta County, CA, indicated that mercury 
concentrations in 17% of legal-catch-sized fish were above the 
human health baseline of 0.30 microgram per gram (ug/g) wet 
weight. These data will serve as a baseline for future studies 
(May and others, 2011, p. 1). 

USGS research in the Great Lakes region indicated that 
mercury in annual tree litterfall from deciduous forests was 
equal to or exceeded the amounts of mercury deposited by 
annual precipitation. The airborne mercury was released from 
coal-fired powerplants, industrial boilers, cement manufacturing, 
and incinerators, and the mercury will eventually end up in fish 
and food webs (U.S. Geological Survey, 201 1a). 

USGS research showed that atmospheric deposition of 
mercury was about four times higher in lakes near several major 
U.S. cities compared with lakes in remote areas. This was the 
first study to quantify the relation between mercury fallout and 
distance from major urban centers—the study included lakes 
nearby and remote from Albany, NY, Boston, MA, Chicago, 

IL, Denver, CO, Minneapolis, MN, New Haven, CT, Portland, 
OR, Salt Lake City, UT, Tampa and Orlando, FL, and Montreal, 
Quebec, Canada. Coal-fired powerplants were the primary 
source of the mercury emissions, and these emissions traveled in 
the atmosphere (U.S. Geological Survey, 201 lb). 
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Five contractors agreed to pay back part of the more 
than $7 million in costs incurred by the EPA for removal of 
mercury-contaminated soil at the Port Refinery Superfund Site 
at Rye Brook, NY. More than 20 years ago, police responded 
to a complaint that a Rye Brook resident was illegally 
storing mercury; then, after significant contamination levels 
were measured, structures at the site were demolished and 
remediation was begun. At that time, clean-up costs were 
estimated to be $4 million. There are five remaining defendants 
as well as more than 20 other responsible parties (Henry, 2011). 

The National Defense Stockpile (NDS) held an inventory of 
4.436 t of mercury at several sites in the United States. Mercury 
sales from the NDS were suspended in 1994 in response to 
environmental concerns. Following the completion of an 
environmental impact statement, the Defense Logistics Agency, 
DLA Strategic Materials selected Hawthorne Army Depot, 
Hawthorne, NV, for consolidated mercury storage. Hawthorne 
is a government-owned, contractor-operated facility, controlled 
by the U.S. Army Joint Munitions Command. In July 2010, 
the Nevada Division of Environmental Protection approved 
the transfer of the elemental mercury to the Hawthorne 
site. Shipments of mercury began in August 2010 and were — 
completed in March 2011 (Defense Logistics Agency, Strategic 
Materials, 2011). The DOE has 1,329 t of mercury ш storage 
facilities in Oak Ridge, TN. 


Production 


In 2011, byproduct mercury was produced at several precious 
metals mines in Nevada. Bethlehem Apparatus Co. Inc. 
(Bethlehem, PA) processed and refined mercury for resale. Data 
on the amount of byproduct mercury produced in the United 


States were not available. Mercury has not been mined as a 


principal product in the United States since 1992, when the 


McDermitt Mine, NV, closed. 


Consumption 


In 2011, the domestic consumption of mercury declined 
to less than 50 t (Bruce Lawrence, President, Bethlehem 
tus, Inc., oral commun., December 6, 201 1). In the past, 
кали mercury consumption was broadly estimated to be 
stout 50% for chlorine-caustic soda manufacture and 50% for 
ther uses (Brooks and Matos, 2005, p. 3); however, closure 
of several chlorine-caustic soda plants may have shifted those 
Ж ates, and exact quantities are not available. 
Gl b | human health and environmental concerns about 
== have caused а decline in mercuty purchases by the 
chlorine-caustic soda industry as well as an overall market 


shift in the chlorine-caustic soda industry from mercury cell 


hnology toward nonmercury chlorine-caustic soda production 
tec 


; d by the 

. Since 1995, total annual mercury use 

— been reduced by 97%. In 1996, there were 14 
pip mercury cell plants in the United States; however, at 
Laden ury-cell facilities were in operation in 


2011 only 4 mercury- 
1 verte States. In 2010, Olin Corp. (Augusta, GA) announced 


i in Augusta, 
. cell chlorine-caustic soda plants In 
pe K in Charleston, TN, would close within 2 years. These 
iid of the four domestic plants still in operation that use 
are 
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mercury to make chlorine (Wermers, 2010). Olin's mercury cell 
plant in Charleston, TN, will convert to membrane technology 
by the end of 2012 and its mercury cell plant in Augusta, GA, 
will be closed by yearend 2012 (de Guzman, 2011). The other 
mercury cell plants are in Ohio and West Virginia. As mercury- 
cell plants close around the world, that mercury, as well as 
mercury from remediation of the plant facilities and soil, will 
become available for recycling and sale. 


Recycling 


Mercury was reclaimed from end-of-service automobile 
convenience switches, CFLs, dental amalgam, fluorescent 
lamps, laboratory and medical devices, mercury contaminated 
waste, and thermostats in 2011. The voluntary National Vehicle 
Mercury Switch Recovery Program (NVMSRP) was started in 
2006 by the EPA to stop toxic emissions of mercury when cars 
are scrapped and then melted to make new steel. Funding for 
the program was depleted in July 2009; however, payments will 
continue in States where they are required by law or that have 
a State-funded program. The goal of the NVMSRP is to collect 
80% to 90% of the mercury switches by 2017 
(U.S. Environmental Protection Agency, undated). 

The Energy Independence and Security Act of 2007 (Public 
Law 110—140) included a ban on the sale of incandescent bulbs 
by 2014 and added CFLs, which may contain 3 to 5 milligrams 
of mercury, to the list of recyclable products. Beginning in 
2012, the Federal Government had planned to ban incandescent 
light bulbs, instead requiring that more energy-efficient CFLs 
be manufactured and sold. However, funding for enforcing the 
ban was eliminated, thereby creating a delay in enforcement and 
regulatory uncertainty (ABC News Inc., 2011). 

Byproduct mercury from domestic and foreign sources 
and mercury reclaimed from end-of-service products were 
processed, or recycled, in the United States and then sold into 
the international metals market. No data were available on the 
amount of mercury processed from domestic sources, such as 
precious-metals processing, nor end-of-service products. 

In 2011, the major companies that recycled mercury included 
AERC.com, Inc., Allentown, PA; Bethlehem Apparatus Со, 
Inc., Bethlehem, PA; Clean Harbors Environmental Services, 
Inc., Braintree, MA; D.F. Goldsmith Chemical and Metal Corp. 
Evanston, IL; Onyx Environmental Services, Lombard, IL; с 
and WM Mercury Waste, Inc., Union Grove, WI. Benivia LL 
(Atlanta, GA) maintained a list of companies whose role E. 
mainly collection of mercury-containing materials i n ui А 
ultimately be moved on to the larger Эа for rec 

merc Benivia LLC, undated). 
Е" 201 1, ~ Ане Recycling Corp. (TRC) (Rosslyn, W 
announced that it had collected 1.4 million мен | M uin 
contained 6.6 t of mercury. Individual Јо ма ss Corp, 201 
2.5 to 10 grams of mercury (Thermostat Кесу estimated that 

In the United States, from 1997 to 2007, it was aly 
more than 500 million computers became obsolete dm : 
20% was collected and the metals recycled. Bs mete g from 
of mercury may be contained in the “e-waste Ue 
discarded and obsolete computers (Zhang, 20 ) 
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Prices 


The average domestic price of mercury was $1,850 per flask 
in 2011. The mercury price quoted in Platts Metals Week began 
the year at $1,950 per flask in January, saw minor fluctuations 
throughout the year, and ended at $1,950 in December. Demand 
for mercury remained strong in the global market, particularly 
from small-scale gold mining regions such as Africa, Asia, 
the Far East, and South America. Mercury refining capacity 
in Europe was restricted owing to the EU export ban that took 
place in Europe, and some prices were close to $3,500 per flask 
for the limited quantities that were available (Mining Journal, 
2011). 

The increase in the average price of gold for 2011, to 
approximately $1,570 per troy ounce, resulted in an increase in 
the global demand for mercury destined for use in small-scale 
gold mining. For comparison, in 2000-03, the average price of 
gold was $310 per troy ounce and the average price of mercury 
was $140 per flask. The mercury price was also affected by 
a diminished supply of mercury from recycled mercury- 
containing products, fluctuations in imports of byproduct 
mercury, and fluctuations in production of domestic byproduct 
mercury. 


Foreign Trade 


In 2011, mercury imports totaled 110 t and exports totaled 
132 t. Chile (90 t) and Ukraine (8 t) were the leading sources 
of imported mercury, which was produced as a byproduct of 
large-scale precious metals mining and an unknown source, 
respectively. Canada (96 t), Guyana (22 t), and Australia 
(10 t) were the principal export destinations for mercury in 
2011. Mercury imports in 2011 were 63% less than those in 
2010. Imports of mercury may vary from year to year, possibly 
owing to stockpiling of byproduct mercury produced at foreign 
precious metals smelters before shipment, or availability of 
mercury owing to closure of chlorine-caustic soda plants, or, 
more recently, shipment of mercury to non-U.S. destinations. 

In 2011, a total of 34 t of amalgam was imported into the 
United States. Amalgam is defined as mercury with one or more 
metals and may include mercury-containing chlorine-caustic 
soda waste. Principal amalgam source countries were Germany 
(23 t), the United Kingdom (4 t), and Mexico (3 t). A total of 
128 t of amalgam was exported from the United States, and 
principal destinations were Canada (29 t), Japan (19 t), and 
Austria (18 t). 


World Review 


In 2011, world mercury mine production was estimated to be 
2,000 t. China (1,500 t) and Kyrgyzstan (250 t) were the world’s 
leading producers of mercury while Chile (100 t) and Peru (35 t) 
were the leading producers of byproduct mercury. World 
production estimates have a high degree of uncertainty 
because most companies and countries may not report 
primary, byproduct, or secondary production data owing to 
environmental and health concerns. Quantities may appear 
erratic from year to year because of stockpiling of sufficient 
mercury for shipment. 


MERCURY—2011 


European Union.—The European Union (EU) Regulation 
EC 1102/2008 became effective on March 15 and banned the 
export of mercury and imposed a storage obligation on mercury. 
The regulation makes it possible to permanently store mercury 
in underground salt mines or hard rock formations with the same 
level of safety. Euro Chlor (Brussels, Belgium), representing 
the European chlorine-caustic soda industry, indicated that it 
is important to have criteria for permanent storage of end-of- 
life mercury under the Landfill Directive (1999/31/EC) and 
continues to look into other permanent disposal solutions, 
including stabilizing mercury with sulfur. Euro Chlor continues 
to implement a voluntary agreement on phasing out mercury cell 
technology by 2020 (Euro Chlor, undated). 

The number of plants and the mercury cell-based production 
capacity continued to decrease worldwide—the number of 
mercury cell plants decreased to 57 from 91 from 2002 to 
2010, and the mercury cell-based chlorine production capacity 
decreased from 9.1 million metric tons (Mt) to 5.5 Mt during the 
same time period (Euro Chlor, 2011). 

Chile.—In 2011, Chile exported 90 t of byproduct mercury to 
the United States, a decrease from 176 t in 2010. The mercury 
was produced as a byproduct from Chile's copper-gold mines. 

China.—1n 2011, China was the world's leading producer 
of mercury. Production decreased to 1,500 t in 2011 from 
1,600 t in 2010 in accordance with a plan released by the 
China Nonferrous Metals Industry Association that indicated 
that China would restrain production of 10 nonferrous metals, 
including mercury, to less than 41 Mt by 2015 
(Metal-Pages, 2010). 

Colombia.—Colombia was one of the world’s leading 
users of mercury for small-scale gold (silver-platinum) 
mining. Approximately 150 t of mercury may be released to 
the environment from small-scale gold mining in Antioquia, 
Colombia. From 15,000 to 30,000 small-scale gold miners in 
Antioquia alone produce 26 t of gold, or 6396 of Colombia's 
total gold production of 41.5 t of gold by using mercury to 
recover the gold from alluvial sources (Viega, 2010). 

Peru.—In 2011, only 1 t of byproduct mercury, compared 
with 102 t in 2010, from Peru's large-scale gold-silver mines 
was shipped to the United States. The mining companies that 
produced byproduct mercury voluntarily sent their mercury to 
Germany for stabilization with sulfur, as artificial cinnabar, and 
storage in salt mines so as not to participate in, or contribute 
to the use of mercury for small-scale gold mining in Peru and 
elsewhere (DELA GmbH, 2011). 

Philippines.—In 2008, the Government of the Philippines 
announced the shift from incandescent bulbs to energy-efficient 
CFLs by January 2010, the first country in Asia to do so. In 
2011, through a grant with the Asian Development Bank, the 
Philippine Government began the Philippine Energy Efficient 
Project (PEEP), which included retrofitting 40 government 
office buildings with efficient lighting and procuring 13 million 
CFLs for distribution in order to reduce peak power demand. 
Studies indicated that US$90 million would be saved through 
the use of CFLs. However, end-of-life CFLs are thrown into 
municipal waste, which is then hauled to a garbage transfer 
station in Manila, and informal recyclers forage through the 
waste to find the CFLs in order to salvage the glass and 
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end-caps. This releases mercury into the immediate 
Surroundings and exposes the recyclers, their families, 


and community to mercury emissions (United Nations 
Environmental Programme, 2011). 


Outlook 


Global mercury use continued to decline with the exception 
of mercury used in the CFL industry and in small-scale gold 
mining. If gold prices continue to rise, these increased prices are 
likely to cause increased demand for mercury in the small-scale 
gold mining industry. Rising gold prices may also result in 
increased artisanal mercury production, reopening of abandoned 
mercury mines to provide mercury for small-scale gold mining, 
and increased recycling of mercury-containing tailings. The 
increase in gold prices may also stimulate gold exploration, 
resulting in the opening of new large-scale mines, which, in 
turn, would result in continued byproduct mercury production 
from processing of precious metals ores. Worldwide mercury 
prices have risen, in part, because of the 2011 European Union 
mercury ban and the upcoming ban on mercury exports from the 
United States in 2013. 

Gallium alloys may provide nontoxic substitutes for mercury 
in a wide variety of applications that include electrical switches, 
liquid mirror telescopes, pumps, and sensors. Gallium can be 
alloyed with a variety of metals that include silver, gold, lead, 
cesium, and tin. Specifically, galinstan, an alloy of gallium, 
indium, and tin, is liquid at room temperatures and, owing to 
the low toxicity of its component metals, is a replacement for 
mercury. Owing to its higher reflectivity and lower density 
than mercury, galistan is being considered as a replacement 
for mercury in liquid mirror telescopes for astronomy. | 
Mercury-containing dental amalgam, which is less aesthetically 
pleasing, has declined in use, replaced by ceramic material with 
a more natural appearance. Closure of mercury cell chlorine- 
caustic soda production facilities worldwide, owing to pressure 
from international environmental and health organizations, was 

It in release of large quantities of mercury for 
expected to resu дел 
: or storage. 
— from mercury cell chlorine-caustic soda 
| recovered from domestic and foreign 
plants, byproduct merry tained in the NDS 
precious metals operations, and mercury conta оо 
are expected to be more than adequate to meet domestic needs. 


References Cited 


11, Congress defunds ban on incandescent light bulbs but 
и ber 16. 
"t qui them: New York, NY, ABC News Inc., Decem 
oe у Шоо: at http://abenews.go.com/blogs/politics/201 1/12/ 
йан defünds-ban-on-incandescent-light-bulbs-but-doesn"t-quite-save- 
congress- 
them.) d safety online, mercury 
уз 4), Environment, health, and sa | 
а pi Benivia LLC. (Accessed June 14, 2012, at http:// 
re о 
ercury.php.) va 
а aa CR 2005, Mercury recycling in the United. 
Brooks, W. 000 chapter U in Sibley, S.F., ed., Flow studies for recycling 
States in modities in the United States: U.S. Geological Survey Circular 
di p. (Accessed June 13, 2012, at http://pubs.usgs.gov/circ/c1196u/ 
Circ 1196 U.pdf.) : ial dated] Mercury consolidation 
— он ‚ Strategic Materials, [undated], : { 
Defense ea А Dc о Logistics Agency, Strategic Materials. 
а July 12, 2012, at https://www.dnsc.dla.mil/eis/.) 


ABC News Inc., 20 


48.4 


de Guzman, Doris, 2011, Olin's exit of mercury cell chlor-alkali is positive for 
industry: ICIS, January 3. (Accessed July 6, 2012, at http:/Avww.icis.com/ 
Articles/Article.aspx?1iArticleID=9426289&PrinterFriendly=true.) 

DELA GmbH, 2011, Stabilization of metallic mercury, from mercury holders 
to final retirement: Association of Lighting and Mercury Recyclers Board of 
Director’s Meeting, Phoeniz, AZ, December 6-7, 2011, poster. 

Euro Chlor, 2011, Chlorine industry review, 2010-2011, fundamentally strong, 
up to a point: Brussels, Belgium, Euro Chlor Annual Report. (Accessed 
June 20, 2012, via http://www.eurochlor.org.) 

Euro Chlor, [undated], Mercury: Brussels, Belgium, Euro Chlor. (Accessed 
June 20, 2012, at http://www.eurochlor.org/chlorine-industry-issues/ 
mercury.aspx.) 

Henry, Renea, 2011, Companies to pay $212,000 over mercury pollution in Rye 
Brook: Rye Brook, NY, The Rye Patch, September 9. (Accessed 
June 13, 2012, at http://rye.patch.com/articles/superfund-settles-mercury- 
claim-with-5-rye-brook-plaintiffs.) 

May, J.T., Hothem, R.L., Bauer, M.L., and Brown, L.R., 2011, Concentrations of 
mercury and other metals in black bass (Micropterus spp.) from Whiskeytown 
Lake, Shasta County, California, 2005: U.S. Geological Survey, Open-File 
Report 2011—1297, 16 p. 

Metal-Pages, 2010, China drafts plans for metals development in next 5 years: 
Metal-Pages, July 26. (Accessed May 23, 2011, via http:// 
www.metal-pages.com/.) 

Mining Journal, 2011, Minor metals, unusually quiet markets: Mining Joumal, 
December 30, p. 9. 

Myers, D.K., 1951, History of the mercury flask: Journal of Chemical 
Education, v. 28, March 22, p. 127. 

Thermostat Recycling Corp., 2011, Thermostat Recycling Corporation posts 
28% increase in thermostat recycling in 2010: Rosslyn, VA, Thermostat 
Recycling Corp. news release, May 10. (Accessed June 14, 2011, at ћир: 
www.thermostat-recycle.org/news/1 1 -thermostat-recycling-corporation-posts- 
28-increase-in-thermostat-recycling-in-20 10.html.) 

United Nations Environmental Programme, 2011, CFLs mercury case study in 
Philippines: United Nations Environmental Programme news release, 
January 15. (Accessed June 27, 2012, at http://www.scribd.com/ 
doc/60608387/UNEP-CFLs-Mercury-Case-Study-in-Philippines-2011.) 

U.S. Environmental Protection Agency, [undated], National Vehicle Mercury 
Switch Recovery Program (NVMSRP): U.S. Environmental Protection 
Agency. (Accessed June 13, 2012, at http://www.epa.gov/hg/switch.htm.) 

U.S. Environmental Protection Agency, 2011a, EPA proposes changes to Clean 
Air Act Standards for boilers and incinerators: U.S. Environmental Protection 
Agency news release, December 2. (Accessed June 12, 2012, via http:// 
WWW.epa.gov.) | 

U.S. Environmental Protection Agency, 20116, EPA proposes first national 
standard for mercury pollution from power plants/mercury and air toxics 
standards represent one of strongest health protections from air pollution 
since passage of Clean Air Act: U.S. Environmental Protection Agency news 
release, March 16. (Accessed June 11, 2012, via http://www.epa.gov.) 

U.S. Environmental Protection Agency, 2011c, National emission standards 
hazardous air pollutants, mercury emissions from mercury cell chlor-alkalt 
plants: Federal Register, у. 76, no. 54, March 21, р. 15266-15267. 

U.S. Environmental Protection Agency, 2011d, Phase-out of mercury " 
thermometers used in industrial and laboratory settings: U.S. ib e 
Protection Agency news release, January 9. (Accessed June 11, 2012, vı 
http://www.epa.gov. 

US Впуісал 84 ОРЕ Agency, 2012, Incorporation of revised ASTM 
standards that provide flexibility in the use of alternatives to ee 
containing industrial thermometers: Federal Register, У. 77, no. 11, 

January 28, р. 2456-2466. РРА „ёз unts 

U.S. Geological Survey, 2011a, Fallen leaves, precipitation er 
of mercury to the environment: U.S. Geological Survey new M dh 
August 2, 2 p. (Accessed June 12, ote at http://www.usgs.8 
article.asp?]D=287 | & from=rss_home. T TEES 

U.S. Geological Survey, 2011b, Mercury deposition аи бэ. (Accessed 
cities: U.S. Geological Survey news release, December 2°, 10-3056) 
June 12, 2012, at hutp://www.usgs.gov/newsroom/aricl Ар ag place by 

Viega, Marcello, 2010, Antioquia, Colombia, the ар British Colu mbia, 
mercury, impressions from two field trips: Unive ‘neering, February. 
Canada, Norman B. Keevil Institute of Mining ERE entalcolombia. files. 
(Accessed February 13, 2012, at ap варка antioquia, field. (Р. 

wordpress.com/201 1/05/final revised feb 2010. - 


report.pdf.) 


for 


ARBOOK 
U.S. GEOLOGICAL SURVEY MINERALS YE 


TOM <> 


= ~ 


Wermers, Jason, 2010, Olin Corp.’s Augusta plant will eliminate mercury use: 
The Augusta Chronicle, December 10. (Accessed June 13, 2012, at http:// 


chronicle.augusta.com/news/metro/2010-12-10/olin-corps-augusta-plant-will- 


eliminate-mercury-use.) 

Zajac, Andrew, 2010, FDA reviews safety of amalgam filings: The Washington 
Post, December 13, p. A17. 

Zhang, Lifeng, 2011, Recycling of electronic wastes, current perspectives: 
Journal of the Minerals, Metals, and Materials Society, v. 63, no. 8, p. 13. 


GENERAL SOURCES OF INFORMATION 
U.S. Geological Survey Publications 


Historical Statistics for Mineral and Material Commodities in 
the United States, Data Series 140. 

Materials Flow of Mercury in the Economies of the United 
States and the World, The. Circular 1197, 2000. 

Mercury. Ch. in Mineral Commodity Summaries, annual. 


Mercury. Ch. in United States Mineral Resources, Professional 
Paper 820, 1973. 
Mercury in the Environment. Professional Paper 713, 1970. 


Other 


Economics of Mercury, The. Roskill Information Services Ltd., 
1990. 

Materials Flow of Mercury in the United States, The. U.S. 
Bureau of Mines Information Circular 9412, 1994. 

Mercury. Ch. in Kirk-Othmer Encyclopedia of Chemical 
Technology, John Wiley and Sons, Inc., 2005. 

Mercury. Ch. in Mineral Facts and Problems, U.S. Bureau of 
Mines Bulletin 675, 1985. 

Mercury Process for Making Chlorine. Euro Chlor, 1998. 


TABLE 1 


SALIENT MERCURY STATISTICS! 


(Metric tons unless otherwise specified) 


2007 2008 2009 2010 2011 

United States: 
Secondary production, industrial NA NA NA NA NA 
Imports for consumption 67 155 206 294 110 
Exports 84 732 753 459 132 
Industry stocks, yearend:” 18 24 30 NA NA 


Chloralkali 16 20 27 NA NA 
Other 2 4 3 NA NA 
Industrial consumption 31 NA NA NA NA 


Price, average, free market’ dollars per flask 530 600 610 1,076 1,850 
Е M ec CM Не xus р Ш И. 
World, mine production 1,200 1,820 1,960 2,250 2,010 * 
E uu coule а elc ЫВА n OM a SEDE MI. 


"Estimated. NA Not available. 

"Рава are rounded to no more than three significant digits, except prices. 
"Stocks at consumer and dealers only. 

*Source: Platts Metals Week. 
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TABLE 2 


U.S. IMPORTS AND EXPORTS OF MERCURY, BY COUNTRY! 


ee хе 


2010 2011 
Quantity, Quantity, 
gross weight Value gross weight Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
Imports: 

Canada 4 $17 7 $34 
Chile 176 389 90 224 
Germany 11 779 3 183 
Реги 102 102 1 8 
Ukraine – -- 8 306 
Other | 4 (2) 22 

Total 294 1,290 110 777 

Exports: 

Australia 31 515 10 195 
Canada 3 36 96 1,050 
Guyana 16 326 22 687 
India 14 229 = = 
Netherlands 295 4,080 (2) 7 
Peru 38 818 — — 
Vietnam 36 615 2 81 
Other 24 ' 207 ' 2 30 

Тога] 459 6,830 132 2,050 


"Revised. -- Zero. 


ага are rounded to no more than three significant digits; may not add to totals shown. 


?Less than М unit. 


Source: U.S. Census Bureau. 
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TABLE 3 


U.S. IMPORTS AND EXPORTS OF AMALGAMS! OF PRECIOUS METALS, 


WHETHER OR NOT CHEMICALLY DEFINED, BY COUNTRY? 


‘Revised. -- Zero. 
Ап alloy of mercury with one ог more other metals. 


2010 
Quantity, 
gross weight Value 
Country (metric tons) (thousands) 
Imports: 

Argentina 2 $23,100 
Bolivia 9 14,400 
Germany 4 7,110 ' 
Mexico 2 4,810 ' 
United Kingdom 4 13,600 " 
Other 3' 6,690 ' 

Total 23 69,800 ' 

Exports: 

Austria -- — 
Сапада 32 7,700 
China 12 39,200 
Denmark 21 69 
France 1 8,890 
Germany 18 14,800 
Hong Kong 3 495 
India 13 54,600 
Japan 2 3,120 
Korea, Republic of 2 14,300 
Mexico 19 4,170 
Netherlands 13 8,260 
Peru 29 120 
Singapore 4 7,240 
Taiwan 7 17,700 
Thailand 7 60,600 
United Kingdom 5 9,440 
Other 15 22,800 

Total 203 274,000 


2011 
Quantity, 
gross weight 
(metric tons) 


?Data are rounded to no more than three significant digits; may not add to totals shown. 


?Less than № unit. 


Source: U.S. Census Bureau. 


Value 
(thousands) 


$17,600 
10,100 
4,790 
10,500 
24,300 
67,300 


51 
11,100 
10,400 
10,600 

2,470 
472 
61,500 
3,680 
26,400 
56,900 
32,700 
160 
1,820 
52,800 
39,300 
10,400 
20,100 
341,000 


48.7 


48.8 


TABLE 4 


MERCURY: WORLD MINE PRODUCTION, ВУ COUNTRY"? 


(Metric tons) 

Country 2007 2008 2009 2010 2011° 

Chile* NA NA 88 176 100 
China* 800 1,300 1,400 1,600 1,500 
Finland 20 20 15 15 15 
Kyrgyzstan* 250 250 250 250 250 
Mexico" 8 21 21 21 2l 
Morocco* 10 10 10 10 8 
Peru, exports‘ 34 * 136 92 102 35 
Russia* 50 50 50 50 50 
Spain NA NA NA NA NA 
Tajikistan* 30 30 30 30 30 
United States’ NA NA NA NA NA 
Total 1,200 1,820 1,960 2,250 2,010 


"World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
"Table includes data available through April 20, 2011. 


ЗСапада is thought to produce byproduct mercury, 


"*Byproduct mercury. 


Aa 


but information on its production is inadequate to make reliable estimates. 
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By Jason Christopher Willett 


Domestic survey data and tables were prepared by Rym Ferahtia, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


Mica production decreased in 2011 compared with that of 
2010. In 2011, production of scrap and flake mica in the United 
States decreased to an estimated 50,000 metric tons (t); this was 
more than 5% lower than that of 2010 (table 1). The quantity 
of ground mica sold or used by producers increased to 80,400 t 
valued at $24.0 million (tables 1, 2). Essentially all sheet mica 
used in the United States was imported, and China, Belgium, 
Brazil, and Austria were, in decreasing order by quantity, the 
major suppliers (table 10). In 2011, consumption of muscovite 
block mica in the United States was 0.89 t, a slight decrease 
compared with that of 2010 (tables 1, 3). Consumption of mica 
splittings decreased slightly to 271 t in 2011 from 275 t in 
2010 (tables 1, 4). Worked and unworked sheet mica exports 
increased to 1,040 t in 2011 from 932 t in 2010, and the value 
increased to $18.1 million in 2011 from $16.1 million in 2010 
(table 11). U.S. imports of worked and unworked sheet mica 
increased to 2,190 t in 2011 from 1,980 t in 2010, and the value 
increased to $19.9 million in 2010 from $16.4 million in 2010. 

The mica group represents 37 phyllosilicate minerals that 
have a layered or platy texture. The commercially important 
micas are muscovite and phlogopite, which are used in a 
variety of applications. Mica's value is based on several of its 
unique physical properties. The crystalline structure of mica 
forms layers that can be split or delaminated into thin sheets. 
These sheets are chemically inert, dielectric, elastic, flexible, 
hydrophilic, insulating, lightweight, platy, reflective, refractive, 
resilient, and range in opacity from transparent to opaque. 
Mica is stable when exposed to electricity, light, moisture, and 
extreme temperatures. Mica has superior electrical properties 
as an insulator and as a dielectric. It can support an electrostatic 
field while dissipating minimal energy in the form of heat, can 
be split very thin (0.025 to 0.125 millimeter) while maintaining 
its electrical properties, has a high dielectric breakdown, 
is thermally stable to 500 °C, and has corona resistance. 
Muscovite is the principal mica used by the electrical industry 
and is used in capacitors that are ideal for high frequency and 
radio frequency. Phlogopite mica remains stable at higher 
temperatures (to 900 ?C) and is used in applications in which a 
combination of high-heat stability and electrical properties are 
required. Muscovite and phlogopite are used in sheet and ground 
forms (Rieder and others, 1998, р. 43-45). 


Production 


Domestic mine production data for mica are developed by the 
U.S. Geological Survey from four separate voluntary surveys. 
Mica was recovered from mica schist, high-quality sericite 
schist, weathered pegmatites, gemstone pegmatite (sheet only), 
and as a coproduct of feldspar and kaolin mining and. processing 
operations. In 2011, eight companies produced scrap and flake 
mica in five States with the largest amount produced in South 
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Dakota. The United States was one of the world's principal 
producers, with production of about 50,000 t (table 1). These 
same companies produced 80,000 t of ground mica at nine 
grinding plants in three States; six plants produced dry-ground 
mica, and three produced wet-ground mica. 

Sheet mica was produced as a byproduct from one mine 
in 2011. Small quantities of muscovite sheet and scrap mica 
were produced as a byproduct by Morefield Gem Mine, Inc. in 
Amelia County, VA. The pegmatite was mined primarily for 
gemstones and mineral specimens using underground methods. 
The mine also produced biotite and zinnwaldite mica for 
collectors. 


Consumption 


Ground Mica.—The leading domestic use of dry-ground 
mica was in joint compound for filling and finishing seams 
and blemishes in gypsum wallboard (drywall) (table 2). The 
mica acts as a filler and extender, provides smooth consistency, 
improves the workability of the compound, and provides 
resistance to cracking. In 2011, joint compound accounted for 
6996 of dry-ground mica consumption. 

In the paint industry, ground mica is used as a pigment 
extender that also facilitates suspension, reduces chalking, 
prevents shrinking and shearing of the paint film, increases 
resistance of the paint film to water penetration and weathering, 
and brightens the tone of colored pigments. Mica also promotes 
paint adhesion in aqueous and oleoresinous formulations. 
Consumption in paint accounted for 2.5% of the dry-ground 
mica used in 2011. 

Ground mica is used in the well-drilling industry as an 
additive to drilling muds. The coarsely ground mica flakes help 
prevent the loss of circulation by sealing porous sections of the 
drill hole. The monthly U.S. drill rig count increased 27 out of 
30 months since June 2009. Slight decreases were reported in 
the final months of 2012. The average monthly drill rig count 
for 2011 was 1,875 or 335 operating rigs more than the average 
of 2010 and only 5 fewer than the record high of 2008 (Baker 
Hughes Inc., 2012). Well drilling muds accounted for more than 
17% of dry-ground mica use in 2011, a 5596 increase compared 
with that of 2010. 

The plastics industry used dry-ground mica as an extender 
and filler, especially in parts for automobiles as lightweight 
insulation to suppress sound and vibration. Mica is used in 
plastic automobile fascia and fenders as a reinforcing material, 
improving mechanical properties and increasing dimensional 
stability, stiffness, and strength. Mica-reinforced plastics also 
have high-heat dimensional stability, reduced warpage, and 
the best surface properties of any filled plastic composite. In 
2011, consumption of dry-ground mica in plastic applications 
accounted for about 396 of the total. 
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The rubber industry used ground mica as an inert filler and 
mold release compound in the manufacture of molded rubber 
products, such as tires and roofing. The platy texture acts as 
an antiblocking, antisticking agent. As a rubber additive, mica 
reduces gas permeation and improves resiliency. 

Dry-ground mica is used in the production of rolled roofing 
and asphalt shingles, where it serves as a surface coating 
to prevent sticking of adjacent surfaces. The coating 1s not 
absorbed by freshly manufactured roofing because mica’s 
platy structure is unaffected by the acid in asphalt or by 
weather conditions. Mica is used in decorative coatings on 
wallpaper, concrete, stucco, and tile surfaces. It also is used as 
an ingredient in flux coatings on welding rods, in some special 
greases, and as coatings for core and mold release compounds, 
facing agents, and mold washes in foundry applications. 

Dry-ground phlogopite mica 15 used in automotive brake 
linings and clutch plates to reduce noise and vibration (asbestos 
substitute); as sound-absorbing insulation for coatings and 
polymer systems; in reinforcing additives for polymers to 
increase strength and stiffness and to improve stability to 
heat, chemicals, and ultraviolet (UV) radiation; in heat shields 
and temperature insulation; in industrial coating additives to 
decrease the permeability of moisture and hydrocarbons; and in 
polar polymer formulations to increase the strength of epoxies, 
nylons, and polyesters. 

Wet-ground mica, which retains the brilliancy of its cleavage 
faces, is used primarily in pearlescent paints by the automotive 
industry. In the cosmetics industry, its reflective and refractive 
properties make mica an important ingredient in blushes, 
eyeliner, eyeshadow, foundation, hair and body glitter, lipstick, 
lip gloss, mascara, moisturizing lotions, and nail polish. Mica is 
added to latex balloons to provide a colored shiny surface. 

Natural mica is used by the Taos and Picuris Pueblos Indians 
in north-central New Mexico to make pottery. The pottery is 
made from weathered pre-Cambrian mica schist and has flecks 
of mica throughout the vessels. Tewa Pueblo pottery is made by 
coating the clay with mica to provide a dense-glittery micaceous 
finish over the entire object. 

Built-Up Mica.—Muscovite and phlogopite splittings were 
fabricated into various built-up mica products by seven companies 
that operated seven plants in five States. Produced by mechanized 
or hand setting of overlapping splittings and alternate layers 
of binders and splittings, built-up mica is used primarily as an 
electrical insulation material. Mica insulation is used in 
high-temperature and fire-resistant power cable in aluminum 
plants, blast furnaces, critical wiring circuits (for example, defense 
systems, fire and security alarm systems, and surveillance systems) 
heaters and boilers, lumber kilns, metal smelters, and tanks and — 
furnace wiring. Specific high-temperature mica-insulated wire and 
cable is rated to work for up to 15 minutes in molten aluminum 
glass, and steel. Major products are bonding materials; flexible, 
heater, molding, and segment plates; mica paper; and tape (table 5). 

In 2011, the total amount of built-up mica that was consumed 
or shipped was estimated to be about 288 t. Segment plate and 
molding plate were the major end products and accounted for 
51% and 16% of the total, respectively. 

Flexible plate (cold) 15 used in electric motor and generator 
armatures, field coil insulation, and magnet and commutator core 
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insulation. In 2011, mica consumption in flexible plate was an 
estimated 18 t, an increase of 12% compared with that of 2010. 

Heater plate is used where high-temperature insulation is 
required. Consumption of heater plate mica increased by 16% in 
2011 compared with that of 2010. 

Molding plate is sheet mica from which V-rings are cut and 
stamped for use in insulating the copper segments from the steel 
shaft ends of a commutator. Molding plate is also fabricated into 
tubes and rings for insulation in armatures, motor starters, and 
transformers. Consumption for molding plate increased slightly 
to an estimated 46 t in 2011. 

Segment plate acts as insulation between the copper 
commutator segments of direct-current universal motors and 
generators. Phlogopite built-up mica is preferred because 
it wears at the same rate as the copper segments. Although 
muscovite has a greater resistance to wear, it causes uneven 
ridges that may interfere with the operation of a motor or 
generator. Consumption of segment plate was estimated to be 
about 147 t in 2011, the same as that in 2010. | 

Some types of built-up mica have the bonded splittings 
reinforced with glass, linen, muslin, plastic, silk, or special 
paper. These products are very flexible and are produced in 
wide, continuous sheets that are either shipped, rolled, or cut 
into ribbons or tapes, or trimmed to specified dimensions. 
Built-up mica products may also be corrugated or reinforced by 
multiple layering. | 

Mica Paper (Reconstituted Mica).—Primaty uses for mica paper 
are the same as those for built-up mica. Five companies consumed 
scrap mica to produce mica paper for electrical and insulation 
applications. The principal source of the scrap was India. | 

Sheet Mica.—Sheet mica is used principally in the electronics 
and electrical industries. Its usefulness in these applications 
is derived from its unique electrical and thermal insulating 
properties and its mechanical properties, which allow it to be 
cut, punched, stamped, and machined to close tolerances. | 

The leading use of block mica is as an electrical е 
electronics equipment. High-quality block mica is ргосеззе | 
line the gauge glasses of high-pressure steam boilers because 
its flexibility, transparency, and resistance to heat and сһепе 
attack. Other uses include diaphragms for oxygen-brenth 4 
equipment, marker dials for navigation compasses, optic! 
filters, pyrometers, retardation plates in helium-neon lasers, 
thermal regulators, and stove and kerosene heater windows. т 
Specialized applications for sheet mica аге found pas - 
components in air-, ground-, and sea-launched missile syste pa 
laser devices, medical electronics, optical instrumentation э | 
systems, radiation detector windows that аге transparent to s 
emissions (Geiger-Mueller tubes), and for radiation we 

Only high-quality muscovite film mica, which is variously 
called India ruby mica or ruby muscovite mica, 15 used as P : 
dielectric in capacitors. The highest quality mica film 15 2 pu 
manufacture capacitors for calibration standards. The gi А 
grade is used іп transmitting capacitors. Receiving capacito 
use a slightly lower grade of high-quality muscovite. a". 

In 2011, fabrication of ruby and nonruby muscovite b я 
consumed 0.89 t, a slight decrease from that consumed A s 
(table 3). One producer reported that the majority of 0875 7^ 
RT washers, stove mica, and all film parts were from India. 
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Stained and lower-than-stained quality muscovite remained 

in greatest demand and accounted for about 58% of the 
consumption of ruby and nonruby mica block. Consumption of 
nonruby mica block was 55% for stained and lower-than-stained 
quality and 45% for good quality. 

Mica splittings represented the largest part of the sheet mica 
industry in the United States. Consumption of muscovite and 
phlogopite splittings decreased slightly to an estimated 271 t in 
2011 (table 4). Muscovite splittings from India accounted for 
essentially all domestic consumption. 


Stocks 


In 2011, the reported yearend industry stocks of muscovite 
mica block (ruby and nonruby) decreased by 7% to 12.0 t from 
12.8 t in 2010. Industry stocks of muscovite and phlogopite 
mica splittings, at an estimated 81 t, were slightly higher than 
those in 2010 (table 4). 


Prices 


Sheet mica prices vary with grade and can range from less 
than $1 per kilogram for low-quality mica to more than $2,000 
per kilogram for the highest quality. The estimated average 
values of mica block and splittings consumed in the United 
States in 2011 were muscovite block (ruby and nonruby), $152 
per kilogram; muscovite and phlogopite splittings, $1.63 per 
kilogram; phlogopite block, $135 per kilogram; and phlogopite 
splittings, $15 per kilogram. 

In 2011, the average U.S. value of scrap and flake mica, which 
included high-quality sericite, was estimated to be $122 per 
metric ton. The average value of dry-ground mica was estimated 
to be $281 per ton, and the average value of wet-ground mica 
was estimated to be $651 per ton (table 1). 


Foreign Trade 


The value of U.S. exports of mica increased by 996 to $26.9 
million, and the quantity decreased by 7% to 6,910 t (table 1). 
Domestic ground mica (powder) exports increased to 5,800 t, 
an increase of 5% from that of 2010 (table 11). Ground mica 
exports increased in value to $8.7 million in 2011 from $8.2 
million in 2010. Exports of crude and rifted mica decreased by 
5696 to 128 t in 2011 from 291 t in 2010 (table 6). The value 
of crude and rifted mica exports decreased by 1496 in 2011 
compared with that of 2010. 

U.S. imports of all mica totaled 29,700 t and were valued 
at $36.8 million, increases of 5% and 3%, respectively, 
compared with those of 2010 (table 1). In 2011, total imports 
for consumption of unworked split block, film, splittings, and 
mica sheet categorized as “Other” decreased by 32% to 2,590 t, 
almost all of which was comprised of unworked low-value scrap 
mica (less than $1.00 per kilogram) (table 8). Demand increased 
for the low-value mica used as a dry-ground additive for drywall 
compound, fillers, and paints. In 2011, 24,300 t of powder mica 
was imported, mostly from Canada, China, and Finland, about 
10% more than that in 2010 (table 9). Worked mica imports 
were 2,020 t, a 5% increase from those of 2010 (table 10). 
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World Review 


World production of mica was estimated to have increased 
slightly to 1.09 million metric tons (Mt) in 2011 (table 12). Top 
producing countries were, in decreasing quantity, China, Russia, 
Finland, the United States, and the Republic of Korea. 


Outlook 


The major markets for ground mica—drywall joint 
compounds and paints—are mature and relatively stable, with 
growth tied to new housing starts and interest rates. Along 
with large increases in new home starts, producers of other 
construction materials reported increases in production during 
the first quarter of 2012, which could lead to a short-term 
increase in demand for mica. As the domestic housing market 
recovers from the 2008—09 recession, the long-term outlook 
for ground mica is for an expected production growth of 1% to 
3% per year. Demand is also affected by automobile production 
because interior and exterior parts typically contain dry-ground 
mica or engineered mica composites, and exterior surfaces may 
be painted with wet-ground pearlescent pigments and 
mica-containing coatings. The North American automobile 
industry rebounded more quickly than housing, and vehicle 
production was forecast to increase by about 796 in 2012 
(J.D. Power and Associates, 2012). 

As the economy recovers, demand for ground mica in smaller 
specialty markets such as coated micas, cosmetics, nylon and _ 
polyester resins, and polypropylene composites was expected 
to resume an annual growth rate slightly higher than that of the 
entire ground mica industry. 

Demand for block mica was expected to increase slowly 
at about 1% per year as demand increases in a few specialty 
markets, such as electronics. A shortage of high-quality block 
mica was expected to continue because of the generally low 
percentage of high-quality mica in deposits currently n 
mined, mostly from pegmatites. 

Consumption of mica splittings, which is the principal ps 
of sheet mica consumed in the United States, has been in the 
range of 300 to 400 metric tons per year (t/yr) in recent years, 
although it was estimated to have dipped below 300 t/yr in 
2010. With no potential new uses apparent and many substitute 
materials being used, substantial growth is not expected. 
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TABLE 1 
SALIENT MICA STATISTICS' 


2007 2008 2009 2010 2011 


United States: 


Production, sold or used by producers: 
Scrap and flake mica: 


Quantity thousand metric tons 


97 85 51 53 0 


alue 


X thousands $14,400 $10,200 $6,530 $7,240 $6,110 


Ground mica: 
uantity 


Q thousand metric tons 99 98 77 76 80 


Value 


thousands $26,400 $26,500 $23,200 $22,800 $24,000 
Prices: 
Scrap and flake mica 


dollars per metric ton 149 120 128 137 122 


Ground: 


Dry do. 243 251 284 285 Е 
Wet do. 683 651 651 651 = 

Sheet, muscovite and phlogopite: 
Block 
Splittings 


do. 1.57 1.53 - 1.66 1.53 


Consumption: 


dollars per kilogram 132 122 121 130 152 


Block, muscovite: 


1 


Quantity metric tons 1 | 1 1 


Value thousands 5135 _ 


$139 $127 $131 $117 


Splittings, all types 


Quantity metric tons 


310 308 266 275 211 
Value 


а thousands $475 $471 $440 Уи. 7 
xports metric tons 9,010 11,100 9,150 7,410 or 
Imports | 


IR RR do. 43,000 28,800 21,400 28,400 T 
= ‚ production do. 1,120,000 1,130,000 : 1,020,000 1,080,000 ' 1,090,0 
“Estimated, Revised. do. Ditto. 


1 
Data are rounded to no more than three significant digits. 
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TABLE 2 
GROUND MICA SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY END USE 


AND METHOD OF GRINDING! ? 


W Withheld to avoid disclosing company proprietary data. 

'Data are rounded to по more than three significant digits; may not add to totals shown. 

"Domestic and some imported scrap. Low-quality sericite is not included. 

?*Includes mica used for molded electrical insulation, roofing, rubber, textile and decorative coatings, welding rods, and 
well-drilling mud. 


TABLE 3 
FABRICATION OF MUSCOVITE BLOCK MICA 


IN THE UNITED STATES, BY QUALITY! 


(Kilograms) 


2010 2011 
Good stained or better 370 374 


Stained or lower than stained” 536 518 
Total 906 893 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes punch mica. 


2010 2011 
Quantity Quantity 
(thousand Value Unit (thousand Value 
metric tons) (thousands) value metric tons) (thousands) 
End use: 
Joint compound 44 $11,200 $256 45 $11,600 
Paint 17 6,440 384 17 6,440 
Plastics 2 1,370 660 2 1,310 
Other? 13 3,820 295 17 4,590 
Total 76 22,800 302 80 24,000 
Method of grinding: 
Dry W W 285 W W 
Wet W W 700 W W 
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TABLE 4 
ESTIMATED CONSUMPTION AND STOCKS OF MICA SPLITTINGS 


IN THE UNITED STATES 
__ eee LL. uuau 
Consumption Stocks on 
Quantity Value December 31 
Year (metric tons) (thousands) (metric tons) 
2010 275 $421 79 
2011 271 444 81 


О. -__.-—..- ee SSS SS 


TABLE 5 
ESTIMATED BUILT-UP MICA SOLD OR USED IN THE UNITED STATES, BY PRODUCT"? 


aae o a e C 


2010 у 2011 
Quantity Value Quantity Value 

metric osd) O (metictons) (йош) 
Flexible plate (cold) — — — ç 16 $132 18 $238 
Heater plate — —— 1 35 2 18 
Molding рае — — — — 45 333 46 384 
Segment plate S 147 279 147 282 
Other 72 314 76 358 
пш ОТ ОЕ 


1 а: "- 
Data are rounded to no more than three significant digits; may not add to totals shown. 


2 А " > s 
REA of alternating layers of binder and irregularly arranged and partly overlapped splittings. 
Includes mica used in tape and miscellaneous products. 
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TABLE 7 
U.S. EXPORTS OF WORKED MICA, BY COUNTRY’ 


Plates, sheets Other 
Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
2010 419 $9,270 460 $6,660 
2011: 
Austria -- - 250 1,520 
Brazil 48 1,290 22 670 
Canada 123 2,940 65 2,170 
China 17 523 38 333 
Colombia 7 282 3 102 
Dominican Republic 1 14 18 42 
Е Salvador 10 39 - = 
Егапсе 17 713 2 99 
Нопр Копр 17 113 (2) 71 
Israel 30 112 -- =- 
Japan 6 208 33 290 
. Mexico —— ^ — 83 2,480 59 1,000 
Netherlands 15 88 -- = 
Switzerland 24 574 (2) 3 
_ Taiwan 23 470 6 163 
_ United Kingdom о 6 178 | 38 
Other _______ 41 994 ү 355 
-- Zero. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
?Less than % unit. 


Source: U.S. Census Bureau. 
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ТАВГЕ 9 
U.S. IMPORTS FOR CONSUMPTION OF MICA POWDER AND WASTE, ВУ COUNTRY’ 


Powder Waste 
Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
2010 22,000 $16,900 623 $525 
2011: 
Canada 12,000 5,960 23 17 
China 6,210 1,400 = -- 
Finland 4,510 1,410 - -- 
Germany 84 136 — -- 
India 135 375 761 537 
Japan 874 5,040 -- -- 
Malaysia 75 191 == a 
Norway 144 173 - Ке 
United Kingdom 157 240 = = 
Other 96 135 -- -- 
Total 24,300 15,100 785 554 
-- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 10 
U.S. IMPORTS FOR CONSUMPTION OF WORKED MICA, BY COUNTRY! 


Plates, sheets Other 
Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
2010 1,360 $13,100 572 $3,150 
2011: 
Austria 135 3,570 10 265 
Belgium 354 3,590 -- -- 
Brazil 266 1,610 291 544 
Canada 4 150 1 63 
China 529 2,550 65 490 
France 77 752 1 47 
Сеппапу 78 1,600 (2) 17 
India 26 537 16 608 
Italy’ (2) 2 44 83 
Japan 9 646 1 215 
Korea, Republic of 3 74 4 10 
Switzerland 15 397 (2) 4 
United Kingdom 71 1,300 13 365 
Other 4 77 2 94 
Total 1,570 16,900 449 2,800 
-- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
Less than % unit. 
Source: U.S. Census Bureau. 
TABLE 11 
SUMMATION OF U.S. MICA TRADE РАТА' 
Scrap and flake mica Sheet mica 
Powder Waste Unworked Worked 
Quantity Value Quantity Value Quantity Value Quantity — Value — 
(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 
Exports: 
2010 5,550 $8,190 935 $468 53 $163 879 $15,900 
2011 5,800 8,700 68 35 60 275 978 17,900 
Imports for consumption: 
2010 22,000 16,900 4,400 2,390 51 180 1,930 16,200 
2011 24,300 15,100 3,200 1,810 172 254 2,020 19,700 


'Data are rounded to no more than three significant digits. 


Source: U.S. Census Bureau. 
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TABLE 12 
MICA: WORLD PRODUCTION, ВУ COUNTRY"? 


(Metric tons) 
Country’ 2007 2008 2009 2010 2011" 
Argentina, all grades 10,171 8,790 8,668 9,638 ' 9,500 
Brazil 4,000 4,000 4,000 4,000 4,000 
Canada" 18,000 17,000 15,000 15,000 14,000 
China 720,000 750,000 700,000 750,000 760,000 
Finland 
Concentrate 11,449 10,706 10,000 * 10,000 * 10,000 
Biotite 58,000 57,000 60,000 60,000 * 60,000 
Total 69,449 67,706 70,000 70,000 * 70,000 
France" 20,000 20,000 20,000 20,000 20,000 
India: 
Crude 3,790 2,050 2,000 2,100 2,400 
Scrap and waste 3,420 4,470 4,500 4,700 4.900 
Total 7,210 6,520 6,500 6,800 7,300 
кап“ 1,800 1,510 ° 1,500 1,500 1,400 
Korea, Republic of, all grades 42,385 49,474 27,078 36,486 ' 35,000 
Madagascar, phlogopite 1,349 $ 1,233 6 358 6 2.069 59 2.100 
Malaysia 6,118 5,593 4,323 4,515" 4246 ° 
Mexico, all grades 9,600 5,000 5,000 160 160 
Norway, К 2,600 2,600 2,600 2,500 2,500 
Peru 60 “ 91 84 35 ° 90? 
ма 100,000 100,000 100,000 100,000 100,000 
Serbia" --! =" ft E S 
South Africa, ground and scrap 437 426° 572° 904 ' 730 
Spain 5,569 4,254 4,000 * 4,000 ^* 4,000 
"orco NNNM 3,224 2,364 2,347 ' 2,095 ' 2100 
Oo ne 3,387 3,179 557 - 1455 
United States, scrap and flake“ ' 96,600 " 85,200 * 51,100" 52,800 30,000 
1,120,000 1,130,000 ' 1,020,000 1,080,000 ' 1,090,000 


Grand total 


*Estimated. ‘Revised. -- Zero. E 7 
! World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


2rable includes data available through June 8, 2012. 
Эт addition to the countries listed, Pakistan, Romania, 
estimates of output levels. 

^Year beginning March 21 of that stated. 

Reported figure. 
Reported exports. 
"Excludes, if any, U.S. pro 


and Sweden are known to produce mica, but available information is inadequate to make reliable 


duction of low-quality sericite and sheet mica. 
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MOLYBDENUM 


By Désirée E. Polyak 


Domestic survey data and tables were prepared by Raymond I. Eldridge III, statistical assistant, and the world production 
table was prepared by Lisa D. Miller, international data coordinator. 


In the United States, mine production of molybdenum 
concentrate in 2011 increased by 796 to 63,700 metric tons (t) 
from 59,400 t in 2010. Estimated world mine production of 
molybdenum in 2011 was about 264,000 t, an 896 increase from 
244,000 t in 2010 (table 1). The U.S. share of world production 
was 24% in 2011. Reported U.S. consumption of molybdenum 
concentrate for roasting in 2011 increased by 18% compared 
with that of 2010. 

Molybdenum is a refractory metallic element used principally 
as an alloying agent in cast iron, steel, and superalloys to 
enhance hardenability, strength, toughness, and wear- and 
corrosion-resistance. To achieve desired metallurgical 
properties, molybdenum, primarily in the form of molybdic 
oxide (MoO,, called MoX) or ferromolybdenum (FeMo), is 
frequently used in combination with or added to chromium, 
manganese, nickel, niobium (columbium), tungsten, or other 
alloy metals. The versatility of molybdenum in enhancing a 
variety of alloy properties has ensured it a significant role in 
contemporary industrial technology, which increasingly requires 
materials that can sustain high stress, expanded temperature 
ranges, and highly corrosive environments. There is significant 
use of molybdenum as a refractory metal and in numerous 
chemical applications, including catalysts, lubricants, and 
pigments. 

U.S. molybdenum reserves were estimated to be about 2.7 
million metric tons (Mt), about 31% of the world molybdenum 
reserves. About 90% of U.S. reserves occur in large low-grade 


porphyry molybdenum deposits mined or anticipated to be 


mined primarily for molybdenum and as an associated metal 
sulfide in low-grade porphyry copper deposits. These deposits 
are in Arizona, Colorado, Idaho, Montana, Nevada, New 
Mexico, and Utah. Other molybdenum sources do not contribute 
significantly to U.S. reserves. 


Production 


Domestic molybdenum mine production data were 
derived from three separate voluntary surveys by the U.S. 
Geological Survey. These surveys are “Molybdenum Ore and 
Concentrate" (annual), *Molybdenum Concentrate" (monthly), 
and “Molybdenum Products and Molybdenum Concentrates” 
(monthly). Surveys were sent to all 12 U.S. operations that 
currently produce molybdenum concentrates and products 
from ore, and all responded, representing 100% of the U.S. 
production listed in table 1. 

As of December 31, 2011, U.S. rated capacity for mines 
and mills was estimated to be about 85,900 metric tons per 
year (t/yr) of contained metal. Rated capacity was defined as 
the maximum quantity of product that could be produced in a 
period of time at a normally sustainable long-term operating 
rate based on the physical equipment of the plant and given 
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acceptable routine operating procedures involving energy, labor, 
maintenance, and materials. Capacity included operating plants 
temporarily closed, which could be brought into production 
within a short period of time with minimal capital expenditure. 

Primary molybdenum production continued at the Ashdown 
Mine in Nevada, the Henderson Mine in Colorado, the Questa 
Mine in New Mexico, and the Thompson Creek Mine in Idaho. 
Freeport-McMoRan Copper & Gold Inc. (FCX) announced 
that its Henderson Mine produced 17,240 t of molybdenum 
in 2011, a 596 decrease compared with 18,140 t produced in 
2010. The Henderson underground mine produces high-purity, 
chemical-grade molybdenum concentrates, which typically 
are further processed into value-added molybdenum chemical 
products. The Henderson operation consists of a large 
underground mining complex feeding a concentrator with the 
capacity to produce approximately 32,000 metric tons per day 
(t/d) of molybdenum. Henderson has the capacity to produce 
approximately 18,140 t/yr of molybdenum (Freeport-McMoRan 
Copper & Gold Inc., 2012, p. 14). The majority of the 
molybdenum concentrate produced at Henderson is shipped to 
FCX’s Fort Madison, Iowa, processing facility. 

FCX announced that construction activities at its Climax 
molybdenum mine were substantially complete and production 
was expected to commence in 2012. Production from the 
Climax Mine was expected to ramp up to a rate of 9,070 t/yr of 
molybdenum during 2013, and depending on market conditions, 
may be increased to 13,600 t/yr of molybdenum. The company 
announced that it intended to operate its Climax and Henderson 
Mines in a flexible manner to meet market requirements 
(Freeport-McMoRan Copper & Gold Inc., 2012, p. 15). 

Thompson Creek Metals Company Inc. (TCMC) owns the 
Thompson Creek open pit molybdenum mine and mill near 
Challis, ID, a metallurgical roasting facility in Langeloth, 

PA, and a 75% share of the Endako open pit mine, mill, and 
roasting facility in northern British Columbia, Canada. The 
molybdenum concentrate produced at the Thompson Creek 
Mine is transported to the Langeloth facility, which produces 
ferromolybdenum products, molybdenum trioxide, and other 
specialty products. The Langeloth facility also processes 
nonmolybdenum catalysts for various customers, primarily 

in the food industry. TCMC has two high-grade underground 
molybdenum deposits, the Davidson deposit near Smithers, 
British Columbia, Canada, and the Mount Emmons deposit near 
Crested Butte, CO (Thompson Creek Metals Company Inc., . 
2011, p. 42). 

TCMC announced that its Thompson Creek Mine produced 
9,690 t of molybdenum in 2011, a 15% decrease from the 
record 11,370 t of molybdenum produced in 2010. The decrease 
was primarily because of lower grade production from the 
Thompson Creek Mine in the second half of 2011. The company 
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expected the Thompson Creek Mine to have lower production 
for 2012 (7,250 to 7,700 t of molybdenum) mainly owing to 
the continued tapering off of higher grade production. TCMC 
expected to increase production in 2013 (8,600 t to 9,980 t of 
molybdenum) (Thompson Creek Metals Company Inc., 2012, 
р. 65—66). 

Molybdenum was produced as а byproduct of copper 
production at the Bagdad, Mineral Park, Morenci, and Sierrita 
Mines in Arizona; the Continental Pit Mine in Montana; the 
Robinson Mine in Nevada; the Chino Mine in New Mexico; 
and the Bingham Canyon Mine in Utah (table 10). The Mission 
Mine did not produce molybdenum in 2011. In the case of 
byproduct molybdenum recovery at a copper mine, all mining 
costs associated with producing molybdenum concentrate are 
allocated to the primary metal (copper). In 2011, byproduct 
molybdenite recovery accounted for approximately 54% of the 
U.S. molybdenum supply. 

The Bagdad operation of FCX includes a 75,000-t/d 
concentrator that produces copper and molybdenum 
concentrates, as well as a pressure leach plant that processes 
molybdenum concentrate. In 2011, molybdenum production at 
Bagdad was 4,540 t, a 4396 increase compared with 3,180 t of 
molybdenum in 2010 (Freeport-McMoRan Copper & Gold Inc., 
2012, p. 9). 

The Sierrita operation of FCX includes a 102,000-t/d 
concentrator that produces copper and molybdenum 
concentrates. It also has molybdenum facilities consisting of 
a leaching circuit, two molybdenum roasters, and a packaging 
facility. The molybdenum facilities process concentrate from 
Sierrita, concentrate from other FCX mines, and concentrate 
from third-party sources. Molybdenum production at Sierrita 
їп 2011 was 10,430 t, a 28% increase compared with 8,160 t of 
molybdenum produced in 2010 (Freeport-McMoRan Copper & 
Gold Inc., 2012, p. 11). | Е 

FCX’s Chino Mine 15 an open pit copper mining complex 
located in southwestern New Mexico in Grant County. The 
Chino operation consists of a 39,000-t/d concentrator that 
produces copper and molybdenum concentrates. During 201 1, 
FCX restarted mining and milling activities at the Chino Mine, 
which were suspended in late 2008 (Freeport-McMoRan Copper 

.. 2012, р. 14). 
& ones ae ns оо; United Kingdom) announced that 
molybdenum concentrate production at its Bingham Canyon 
Mine (operated by Kennecott Utah Copper) was 13,600 tin 

ared with 12,900 t of molybdenum in 2010 (Rio 
2011 ie 2012 p. 24). In the first half of 2011, Kennecott began 
imd million feasibility study to extend the mine life of the 
j ae Canyon Mine. With this extension, Bingham Canyon 
cer se an additional 265,000 t of molybdenum. In 
pane о was expected to complete construction of 
у m autoclave process facility, which was expected 
a molybden very rates by 7%. Phase I was expected to 
Е s towards the end of 2012, with an initial 


begin 13.600 t of molybdenum, increasing [0 27,200 t of 
capa | 


io Ti ‚ 24). 

early 2015 (Rio Tinto, 2012, p | 
molybden RAE Moly Inc. was granted water permits 
n ficient water necessary for its Mt. Hope project in 


pO vai The company also made significant progress 
centra . 


50.2 


toward completion of the Mt. Hope environmental impact 
Statement process. In 2012, the company hoped to receive all 
Federal and State permits necessary to commence construction 
and secure more than $800 million in financing, including a 
$665 million bank loan, $40 million in stock sales to Hanlong 
(USA) Mining Investment Inc., a wholly owned subsidiary of 
Sichuan Hanlong Group (Hanlong), and approximately $100 
million from their Mt. Hope project partner, Pohang Iron and 
Steel Co. (POSCO). General Moly has an 80% stake in the 
project, with reserves of 590,000 t of molybdenum and a mine 
life in excess of 40 years (General Moly Inc., 2012, p. 4-6). 


Consumption 


In 2011, U.S. reported consumption of molybdenum 
contained in concentrate for roasting was approximately 
1896 more than that of 2010. Domestic mine production of 
molybdenum concentrate was roasted, exported for conversion, 
or purified to lubricant-grade molybdenum disulfide (MoS,). 
Technical-grade MoX consumption in 2011 was 3% less than 
that of 2010. MoX was the leading form of molybdenum used 
by industry, particularly in making stainless steel. Overall, total 
molybdenum use in steel in 2011 increased by 9% from that of 
2010 (table 3). 

Metallurgical applications dominated molybdenum use in 
2011, accounting for about 90% of 2011 grand total reported 
consumption. In 2010, FeMo accounted for 40% of the 
molybdenum-bearing materials used to make steel (table 3). 
Nonmetallurgical applications included catalysts, chemicals, 
lubricants, and pigments. The dominant nonmetallurgical use 
was in catalysts. 

Molybdenum is playing a more important role in green 
technology than ever before, with use focused on biofuels, 
catalysts, ethanol, solar panels, and wind power. А new type of 
solar panel made of copper-indium-gallium-selenide (CIGS) 
cells contains molybdenum in a thin layer near the bottom 
of the cell. The molybdenum helps to transfer the electricity 
generated from the solar cell to circuits external to the panel. 
Although photovoltaic solar power capacity 1s small, CIGS 
technology has demonstrated the highest conversion efficiency 
and the longest product life within the solar роу 
industry. Analysts estimate that CIGS cells use шту 
1,100 t of molybdenum per gigawatt of capacity (Сотрош 
Semiconductor, 2010). 


Stocks 


At yearend 2011, producer plus consumer industry ci 
increased compared with yearend 2010 stocks. а 
of molybdenum in concentrate at mines and plants ny m 
about 370 t (table 1). Producer stocks of acis s 
molybdates, MoX, metal powders, and other products 
compared with producer stocks of 2010 (table 2). 


Prices 

ice for domestic FeMo, A 
d from $17.489 to $17.8 
t, compared with $18.2 
010. The Ryan's Notes 
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published annual average price for domestic MoX ranged Кот 
$15.367 to $15.598 per pound in 2011, compared with $15.625 
to $16.068 per pound in 2010. 


Foreign Trade 


In 2011, molybdenum-containing material exports (excluding 
molybdenum ore and concentrates) collectively contained 
about 11,800 t (gross weight) and were valued at $1.76 million 
(table 6). Imports for consumption of molybdenum-containing 
products collectively contained about 39,200 t (gross weight) 
and were valued at $736 million (table 9). 


World Review 


World molybdenum reserves and production capacity were 
concentrated in a few countries. In 2011, world mine output 
was estimated to have been 264,000 t (molybdenum contained 
in concentrate), of which, in descending order of production, 
China, the United States, Chile, Peru, Mexico, and Canada 
provided about 94% (table 11). 

In North America, most Canadian reserves of molybdenum 
were contained in porphyry molybdenum and porphyry 
copper-molybdenum deposits in British Columbia. Other 
Canadian reserves were associated with minor porphyry 
copper-molybdenum deposits in New Brunswick and Quebec. 
The La Caridad porphyry copper-molybdenum deposit in 
Mexico was a leading producer. Molybdenum reserves in 
Central America and South America were associated mainly 
with large porphyry copper deposits. Of several such deposits in 
Chile, the Chuquicamata and El Teniente deposits were among 
the largest in the world and accounted for 8596 of molybdenum 
reserves in Chile. Peru also had substantial reserves. Reserves of 
molybdenum in China and the Commonwealth of Independent 
States (CIS) were thought to be substantial, but definitive 
information about the current sources of supply or prospects for 
future development in these two areas was lacking. 

According to the International Molybdenum Association 
(IMOA), global molybdenum consumption reached a new 
record high of 244,000 t in 2011. The highest usage of 
molybdenum in 2011 was in China, where usage increased from 
67,400 t in 2010 to 76,200 t in 2011 (Metal-Pages, 2012c). 

In 2011, IMOA, assisted by the Steel & Metals Market 
Research Company (Austria), completed a detailed analysis of 
molybdenum end uses. According to the study, in 2009, global 
molybdenum consumption in all applications was 212,000 t, 
which included new and recycled molybdenum. Most recycled 
molybdenum is introduced as scrap in steelmaking. The study's 
analysis was based on more than 250 interviews with key 
molybdenum end users. For all applications, approximately 
1596 of molybdenum input material originated from scrap. 
Molybdenum was used in the following end uses—engineering 
steels (34%), stainless steels (26%), chemical products (13%), 
tool and high-speed steels (10%), cast iron (7%), superalloys 
(5%), and molybdenum metal (5%) (International Molybdenum 
Association, 2011, p. 2). 

Armenia.—The main priority of Zangezur Copper and 
Molybdenum Combine CJSC, a subsidiary of Cronimet Mining 
AG (Germany), was to continue expansion of its production 
facilities at the Karajan copper-molybdenum mine. According 
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to the company, more than $500 million has been invested in 
the project. In 2011, the annual volume of ore extracted totaled 
16 Mt, while the capacity of the processing facilities was 
approximately 20 million metric tons per year (Mt/yr) of ore. 
In 2010, 8,800 t of molybdenum was produced. The Karajan 
copper-molybdenum mine is in the southeastern corner of 
Armenia in the Province of Syunik (Cronimet Mining GmbH, 
2012). 

Australia.—Moly Mines Ltd. (Perth, Australia) announced 
that the Spinifex Ridge molybdenum project in the Pilbara 
region of Western Australia was placed on hold pending more 
favorable economic conditions. The company initially planned 
to develop and operate а 20-Mt/yr open pit mining operation 
and processing plant (Moly Mines Ltd., 2012). 

In October, Ivanhoe Mines Ltd. announced final results of 
the prefeasibility study for its high-grade Merlin molybdenum 
and rhenium deposit, which comprises the Mt. Dore project 
in the Cloncurry District in northwestern Queensland, part of 
Ivanhoe Australia Ltd. (Vancouver, British Columbia, Canada). 
According to the company, the prefeasibility study demonstrated 
that the project was expected to provide strong, long-term 
cash flows. In the fourth quarter of 2011, the company started 
a feasibility study that was expected to be completed in late 
March 2012 (Ivanhoe Mines Ltd., 2012, p. 10-11). 

Canada.—TCMC announced that its 75%-owned Endako 
Mine produced 3,160 t of molybdenum in 2011 compared with 
3,400 t of molybdenum in 2010. The Endako operation is an 
open pit molybdenum mine, concentrator, and roaster located 
190 kilometers (km) west of Prince George, British Columbia 
with an estimated mine life of approximately 16 years. In the 
third quarter of 2009, the company resumed construction of 
the mill expansion project, which was postponed in late 2008. 
The expansion project included construction of a new, modern 
mill with increased ore-processing capacity from 31,000 t/d 
to 55,000 t/d. Commissioning of the new Endako mill was 
complete and commercial production was achieved on 
February 1, 2012 (Thompson Creek Metals Company Inc., 
2012, p. 18—19). 

Taseko Mines Ltd. announced that it produced 590 t of 
molybdenum in 2011, a 3796 increase from the 430 t of 
molybdenum produced in 2010 at its Gibraltar Mine in 
south-central British Columbia. The company announced 
that construction of Development Plan 3 was progressing as 
planned. All major equipment was purchased for the 55,000 t/d 
concentrator and the new molybdenum recovery facility that 
was expected to roughly triple molybdenum production to 1,360 
t/yr by 2013 (Taseko Mines Ltd., 2012). 

Chile. —Corporación Nacional del Cobre de Chile (Codelco), 
the state-controlled copper and molybdenum producer, 
announced that its molybdenum production increased by 
4.5% in 2011 to 23,000 t of molybdenum compared with 
22,000 t of molybdenum produced in 2010 (TEX Report 

Ltd., 2012). Codelco announced plans to invest $400 million 
in a molybdenum processing plant at Mejillones in Chile. 
Construction was expected to commence in 2015 and could 
potentially increase its molybdenum capacity from 12,000 t/yr 
to 30,000 t/yr. In 2011, Codelco sold 23,000 t of molybdenum 
concentrate (Metal-Pages, 2012b). 
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Antofagasta plc announced that 2011 molybdenum production 
at its Los Pelambres Mine was 9,900 t, a 13% increase 
compared with 8,800 t of molybdenum produced in 2010. Los 
Pelambres is in Chile’s Coquimbo Region, 240 km northeast 
of Santiago. The company announced that the Los Pelambres 
prefeasibility study was examining a large scale expansion, 
which could eventually more than double the existing 
processing capacity. Key considerations for the expansion 
were environmental impact, tailings disposal, and water supply 
issues. According to the company, current plans were assessing 
a possible staggered development, with the first incremental 
production potentially starting in 2019. The company forecast 
further production growth for 2012, with expected production of 
approximately 11,000 t of molybdenum (Antofagasta plc, 2012, 
p. 1-2, 5). 

China,—In 2011, China's MoO, imports decreased by 
41% to 14,206 t compared with 24,010 t in 2010. Imports of 
molybdenum disulfide and FeMo decreased by 4876 to 15,655 t 
compared with 30,000 t in 2010 (Ryan's Notes, 2012). 

China issued a second list of 2012 export quotas. The export 
quota for molybdenum and molybdenum products was 16,345 t. 
In the first list, announced in December 2011, the molybdenum 
and molybdenum products export quota was 24,517 t. 
Combining both lists, the 2012 molybdenum and molybdenum 
products export quota was 40,862 t, a 2% decrease from that of 
2011 (Platts Metals Week, 2012). 

China Molybdenum Co., also known as the Luoyang 
Luanchuan Molybdenum Co., announced that it expected 2012 
output for molybdenum concentrate to decrease 10% to 
29,750 t, production of roasted concentrate to decrease 21.5% to 
29,000 t, and FeMo output to decrease 14.676 to 25,200 t. The 
company attributed the decrease to the decreasing demand from 
the steel sector as well as the weakening of the global economy 

- s, 20122). 
О и ріс announced that it completed 
a feasibility study for its Bozshakol project in August. The 
development of the mine and associated infrastructure, expected 
to cost $1.8 billion, was approved. The Bozshakol sulphide ore 
deposit is located in the north of Kazakhstan and according 
(о the company is one of the largest undeveloped deposits in 
the world. The company expected mine construction to begin 
in 2012 and copper production to commence in 2015. The 
Iso produce gold, molybdenum, and 

company expected : a | E о, 61) 

= C, ‚р. Е 
е Molibdenos у Metales S.A. (Molymet) 

d that it invested $135 million in a recycling plant in 
не ли which also hosts the El Creston molybdenum 
СИР а | Mercator Minerals. Molymet expected to 
Же = мез ed in the oil industry. Construction was 
d to ap E with startup operations in 2014 
— -— June, Erdene Resource spun ps 

Nova Scotia, Canada) announced tbe receipt о 
(риш urce estimate for its Zuun Mod molybdenum 
updat ipu tern Mongolia. The updated resource 
project n e ured and indicated resource of 218 Mt at an 
estimate has а go molybdenum. The company was also 


0.057% 
sunbed onal mining license by the Mongolian government. 
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At yearend, the company announced that it will continue to 
work on a pit optimization study that was expected to provide 
high level production and a review of operating and capital 
costs, and was expected to help in determining the parameters 
of additional prefeasibility studies in 2012 and 2013 (Erdene 
Resource Development Corp., 2012). 

Peru.—The Cerro Verde Mine of FCX is an open pit 
copper and molybdenum mining complex, 16 km southwest 
of Arequipa. The current operation consisted of an open 
pit copper mine, a 120,000 t/d concentrator, and leaching 
facilities. In 2011, molybdenum production at Cerro Verde was 
approximately 4,540 t of molybdenum compared with 3,180t 
of molybdenum produced in 2010 (Freeport-McMoRan Copper 
& Gold Inc., 2012, p. 15). Plans for a large-scale concentrator 
at Cerro Verde continued to be advanced. The project was 
expected to expand the concentrator facilities to 360,000 t/d of 
ore, targeting annual production of approximately 6,800 t of 
molybdenum beginning in 2016. FCX filed an environmental 
impact assessment in the fourth quarter of 2011 
(Freeport-McMoRan Copper & Gold Inc., 2012, p. 29). 


Outlook 


The principal uses for molybdenum were expected to continue 
to be in chemicals and catalysts and as an additive in steel 
manufacturing, most importantly alloy and stainless steel. | 
Molybdenum plays a vital role іп the energy industry, and 1t may 
become an increasingly essential factor in green technology, 
where it is used in high-strength steels for automobiles to reduce 
weight and improve fuel economy and safety. Molybdenum may 
play a critical role in reducing sulfur in liquid fuels by acting a 
a cracking agent. Production of diesel fuels having ultra-low- 
sulfur levels was expected to more than double the amount of 
molybdenum used in oil refineries. Analysts expected global | 
demand for these types of catalysts to increase by more than 5% 
annually until 2013. The need for companies to reduce carbon 
dioxide emissions from coal-fired power stations will require 
plants to run at higher temperatures, resulting in greater deman 
for higher grade molybdenum-bearing steels. 

Primary molybdenum mines were the first to respond 
to the recovery in demand in 2010, but in 2011 byproduct 
molybdenum mines (54%) outpaced production growth dM 
primary mines (46%). In 2012, mine capacity was expecte is 
be sufficient to meet demand, and supply was expected a 
a surplus during the next coming years. бана ли 
projects and expansions could potentially produce el 
yielding an additional 240,000 t/yr of molybdenum ( s 
Information Services Ltd., 2012, p. 3). In the past, dna 
roasting capacity has resulted in a bottleneck, but ими id 
roasting capacity has been installed and further ad 2 s 
under construction in Chile, China, and the United S m 

During the past decade, molybdenum а чай 
a strong annual average growth rate, primarily fuele demand 
increases in China's industrial growth. МОА rune 
continues to be driven largely by the steel sector. i d 
economies, such as China and India, continue on th : P nouns 
industrialization, they are expected to need piri we» 
of molybdenum, and this trend is sappe ке and Horn, 
global demand growth in the coming yea 
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2009). The outlook for the molybdenum market in 2012 appears 
to be strong. Roskill Information Services Ltd. reported that 
global demand for molybdenum was expected to increase at 

an average of 4.696 until 2016. The principal areas of growth 
were expected to increase with the use of stainless and other 
steels containing molybdenum in oil and gas production, motor 
vehicle components, and powerplants, and the potential for a 
new market from alternative and renewable energy. 
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TABLE 1 
SALIENT MOLYBDENUM STATISTICS! 


(Metric tons of contained molybdenum) 


2007 2008 2009 2010 2011 
United States: 
Concentrate: 
Production 57,000 55,900 47,800 59,400 63,700 
Shipments 57,100 57,800 63,700 59,400 62,800 
Reported consumption’ 43,900 44,500 W W W 
Imports for consumption 12,400 10,200 7,520 12,900 14,700 
Stocks, December 31: 
Concentrate, mine and plant 2,630 1,690 2,550 2,200 2,560 
Product producers? 3,140 3,680 3,660 W W 
Consumers 1,870 1,620 1,540 1,630 1,840 
Total 7,640 6,990 7,750 ' 3,820 4,410 
Primary products: 
Production 72,800 72,900 59,900 68,600 W 
Shipments 48,700 51,300 43,300 51,100 W 
Reported consumption 21,000 21,100 17,700 19,200 19,300 
World, mine production 212,000 218,000 220,000 ' 244,000 ' 264,000 “ 


‘Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 

Molybdenum concentrates roasted to make molybdenum oxide. 

includes ammonium, calcium, and sodium molybdate; briquets; ferromolybdenum; molybdenum hexacarbonyl; molybdenum metal; 
molybdenum pentachloride; molybdic acid; pellets; phosphomolybdic disulfide; and technical and purified molybdic oxide. 


TABLE 2 
PRODUCTION, SHIPMENTS, AND STOCKS OF MOLYBDENUM PRODUCTS IN THE UNITED STATES 


(Metric tons of contained molybdenum) 


Metal powder Other? Total 


2010 2011 2010 2011 2010 2011 

i -- - W W W W 
Received from other producers = ы № am 
W үү 


КОСУ rT — "m Ww .# 
ion during year (3) 

Gross production S 7 

oducts used to make other products W W EN. а 

e UO (3) (3) (3) (3) 42,100 n 

јр | 
Producer stocks, December 31 | W W Ww W 

losing company proprietary data. -- Zero. 


W Withheld to avoid disc и: Ae DM 
| ounded to no more than three significant digits; may not add to totals 5 own. — | 
эк "ii желт calcium, and sodium molybdate; ferromolybdenum; molybdenum disulfide; molybdenum hexacarbonyl; 
акаа metal; molybdenum pentachloride; molybdic acid; molybdic oxides; pellets; and phosphomolybdic acid. 

m , 


*Withheld to avoid disclosing company proprietary data; included in “Total.” 
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2010: 
Steel: 
Carbon 
High-strength low-alloy 
Stainless and heat-resisting 
Full alloy 
Tool 
Total 
Cast irons (gray, malleable, ductile iron) 
Superalloys 
Alloys (other than steels, cast irons, superalloys): 
Welding materials (structural and hard-facing) 
Other alloys 


Mill products made from metal powder" 
Cemented carbides and related products? 


Chemical and ceramic uses: 
Pigments 
Catalysts 
Other 
Miscellaneous and unspecified uses: 
Lubricants 
Other 
Grand total 
Stocks, December 31 
2011: 
Steel: 
Carbon 
High-strength low-alloy 
Stainless and heat-resisting 
Full alloy 
Tool 
Total 
Cast irons (gray, malleable, ductile iron) 
Superalloys 
Alloys (other than steels, cast irons, superalloys): 
Welding materials (structural and hard-facing) 
Other alloys 


Mill products made from metal powder" 
Cemented carbides and related products” 


Chemical and ceramic uses: 
Pigments 
Catalysts 
Other 

Miscellaneous and unspecified uses: 
Lubricants 
Other 
Grand total 

Stocks, December 31 


(Kilograms of contained molybdenum) 


Molybdic 


426,000 
682,000 
2,160,000 
3,410,000 
551,000 
7,230,000 
W 
517,000 


945,000 


34,300 
8,750,000 
346,000 


445,000 
737,000 
2,090,000 
3,580,000 
607,000 
7,460,000 


941,000 


43,400 
8,440,000 
555,000 


TABLE 3 
U.S. REPORTED CONSUMPTION, BY END USES, AND CONSUMER STOCKS OF MOLYBDENUM MATERIALS! 


281,000 
117,000 
721,000 
3,000,000 
W 
4,120,000 
339,000 ' 


89,300 
4,670,000 
347,000 


310,000 
122,000 
784,000 
3,750,000 
W 
4,970,000 
337,000 
а) 


92,800 
5,540,000 
355,000 


Ammonium апа 
sodium molybdate 


eg За а 
End use oxides Ferromolybdenum" Other Total 


(3) 
10,600 
3,500 


Molybdenum 


(3) 


(6) 


— 


7) 


(6) 


wW 
93,900 
W 
93,900 
W 
1,240,000 


W 


W 
3,030 


237,000 
4,180,000 
5,750,000 

(6) 


W 

93,900 
W 

93,900 
W 
1,520,000 


W 
W 


219,000 
3,480,000 
5,320,000 

(6) 


707,000 
800,000 
2,980,000 
6,410,000 
551,000 
11,400,000 
339,000 т 
1,760,000 


48,300 
74,500 
W 
77* 


7,870 
945,000 
3,030 


237,000 
4,320,000 
19,200,000 
1,620,000 


755,000 
859,000 
2,970,000 
7,330,000 
607,000 
12,500,000 
337,000 
1,520,000 


41,500 
99,000 
W 
77 


10,600 
941,000 
W 


219,000 
3,610,000 
19,300,000 
1,840,000 


"Revised. W Withheld to avoid disclosing company proprietary data; included in “Other” of the "Miscellaneous and unspecified uses” category. — Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes calcium molybdate. 


*Withheld to avoid disclosing company proprietary data; included in “Miscellaneous and unspecified uses: Other” of the “Other” category. 


‘Includes ingot, wire, rod, and sheet. 


‘Includes construction, mining, oil and gas, and metal working machine: р 
Withheld to avoid disclosing company proprietary data; included in ‘Total. 


"Withheld to avoid disclosing company proprietary data. 
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ТАВГЕ 4 
1 
U.S. EXPORTS OF MOLYBDENUM PRODUCTS, ВУ PRODUCT AND COUNTRY 


Revised. -- Zero, 


1 ©» a 
Data are rounded to no more than three Significant digits; may not add to totals shown. 


Harmonized Tariff Schedule (HTS) of the United States. 
Presentation of annual data is based on the 


“Presentation of annual data is based on the 
*Ferromolybdenum contains about 60% 
*Less than М unit. 

"Includes powder, unwrought, waste and Scrap, 
"Includes HTS codes 8102.10.0000, 8102.94.0 


3 


Source: U.S. Census Bureau. 


x 
i 


wire, wrought, and other, 
000, 8102.95.0000, 8102.96.0000, 8102.97.0000, and 8102.99.0000. 
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quantities (gross weight) of the 10 leading countries in 2011. 


quantities (gross weight) of the five leading countries in 2011. 
to 65% molybdenum. 


2010 2011 
Quantity Value Quantity Value 
Product and country HTS? code (metric tons) (thousands)  (metrictons) (thousands) 
i i ight:? 2825.70.0000 
Oides and hydroxides, gross weight: m -— " Sax 
Belgium 2 69 46 1,170 
Canada 2,760 32,600 2,330 29,800 
Japan 1,190 23,600 892 шше 
: 6 o 12 
PU E Е 17 416 
Mexico 80 2,020 106 2,740 
Netherlands 134 2,630 1,140 28,500 
Russia 20 584 164 3,750 
Turkey 60 1,260 80 Е 
Other (13 countries) 1,370 € 26,900 ' 14 
Total 6,040 99,300 4,840 92,400 
ight: 2841.70.0000 
co nunc" 707 10,500 244 3,470 
Japan 72 1,760 236 em 
Korea, Republic of 48 375 146 l; 
Mexico 22 531 104 1,530 
Netherlands 573 7,760 1,090 19,000 
Other (30 countries) 256° 5,260 ' 183 4,500 
Total . 1,680 26,200 2,010 35,600 
Ferromolybdenum, contained weight;^ 5 7202.70.0000 
Canada 677 22,300 871 30,200 
Denmark (6) 23 1 ЯТ 
Мехісо 13 525 48 1,720 
Netherlands 196 7,070 293 10,500 
Turkey (6) 4 116 wee 
Other (13 countries) 92° 3,210 ' (6) 25 
Tot 978 33,100 1,330 47,100 
Molybdenum, other, gross weight? — Various? 
Aue — Qd 159 10,500 323 18,800 
Belgium 28 1,040 44 983 
__ Сава — о 97 4,240 69 3,660 
Germany 85 4,130 215 16,300 
Ба о 93 7,290 84 6,570 
Japan 299 29,800 206 12,400 
Korea, Republic of 504 39,900 744 32,200 
Mexico 110 7,380 87 6,080 
Taiwan 161 11,700 77 4,790 
United Kingdom 600 14,000 887 21,800 
Other (50 countries) 400 € 23,300 " 230 20,300 
Тога] 2,540 153,000 2,970 144,000 
2,540 15300 2970 144009 


011 


Сошиту 


Belgium 
Canada 
Chile 
China 
India 
Japan 


Mexico 


Korea, Republic of 


Netherlands 
United Kingdom 


Total 


Other (25 countries) 


"Revised. -- Zero. 
"Data are rounded to no more than three significant digits; may not add to totals shown. 
?Presentation of annual data is based on the quantities (gross weight) of the 10 leading 

countries in 2011. 


Source: U.S. Census Bureau. 


TABLE 5 
U.S. EXPORTS OF MOLYBDENUM ORE AND CONCENTRATES 
(INCLUDING ROASTED AND OTHER CONCENTRATES), BY COUNTRY " * 


2010 
Quantity 
(metric tons of 
contained Mo) 


9,610 
1,150 
5,280 
924 
2,630 
805 
5,040 
8,210 
5,000 
1,930 ' 


40,600 


TABLE 6 
U.S. EXPORTS OF MOLYBDENUM PRODUCTS! 


2011 
Quantity 

Value (metric tons of Value 
(thousands) contained Mo) (thousands) 
$251,000 6,620 $220,000 
30,100 1,400 52,000 
— 3,220 108,000 
165,000 2,580 90,000 
30,500 901 30,800 
82,600 4,150 135,000 
26,500 1,460 48,200 
38,500 7,270 108,000 
231,000 11,500 375,000 
148,000 6,210 216,000 
52,500 ' 1,770 62,600 
1,050,000 47,100 1,450,000 
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2010 2011 
Gross weight Contained Mo Value Gross weight Contained Mo Value 
HTS? code (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 

Molybdenum ore and concentrates, roasted 2613.10.0000 NA 18,800 $571,000 NA 21,300 $725,000 
Molybdenum ore and concentrates, other 2613.90.0000 NA 21,800 484,000 NA 25,800 721,000 
Molybdenum chemicals: 

Oxides and hydroxides 2825.70.0000 6,040 NA 99,300 4,840 NA 92,400 

Molybdates, all 2841.70.0000 1,680 NA 26,200 2,010 NA 35,600 
Ferromolybdenum 7202.70.0000 1,430 978 33,100 1,950 1,330 47,100 
Molybdenum powders 8102.10.0000 509 NA 20,900 625 NA 28,000 
Molybdenum unwrought, bars and rods 8102.94.0000 273 NA 11,300 667 NA 24,100 
Molybdenum waste and scrap 8102.97.0000 707 NA 12,400 810 NA 15,700 
Molybdenum wire 8102.96.0000 175 NA 15,200 130 МА 11,500 
Molybdenum, other Various” 872 NA 93,500 733 NA 64,700 

Total XX XX 1,370,000 XX XX 1,760,000 
NA Not available. XX Not applicable. 
Рав are rounded to no more than three significant digits; may not add to totals shown. 
?Harmonized Tariff Schedule (HTS) of the United States. 
"Includes HTS codes 8102.95.0000 and 8102.99.0000. 
Source: U.S. Census Bureau. 
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TABLE 7 


1 
U.S. IMPORTS OF MOLYBDENUM PRODUCTS, BY PRODUCT AND COUNTRY 


2010 2011 
Quantity Value У Они Ж 
Product and country HTS’ code (metric tons) (thousands) (metric tons) — (thousands) 
ы —— ioe а 16 337 1 15 
M de ые " 8 
United Kingdom bo 5 55 к x 
Uzbekistan T 21: á -- 
TE e countries) 508 12.200 147 3,820 
О 
WEG AL ЛӘР ЕРЕНАК у mE E ee 
Mol dates, all, contained weight: Various as 16,000 420 E 
т оез лы ыл ыл даИ 400 11,800 117 ы 30 
China 39 896 42 ss 
—Semany _________ 15 549 7 aA 
apan 2 7 
United Kingdom р : 880 ' (4) 190 
er x countries) aaa 30,100 588 22,500 
Маа ec we eA 3206.20.0020 
Molybdenum orange, gross weight: 35 2.220 237 22 т 
China i 3 1$ я 386 
Colombia 10 = A 29 
German 6 23 > 112 
Мо 50 2. ^ 11 
г (4) 
Other (4 countries) 33° 116 aa 2,790 
Total 349 ' 2,730 
Base ees a ME аи T MG 
Е lybdenum, contained weight: 7202.70.0000 9,580 
Chile 2,520 200 xen 887 
Russia 36 1,410 he 8,140 
United Kingdom 340 11,900 өз 983 
Vietnam id B 2.230 
Other (12 countries) = 12,200 - T | 19,000 
Total 3,560 130,000 32 
__ 3,560 ^ 130000 3210 119000 
‘Other auus a ——— . 8 
Other, gross weight: Various 27,700 
Austria — н наг Е 224 iux ол do 
Canada 85 3,250 Ms 64,500 
China 1,070 43,800 1,400 $330 
Germany 114 Modi M 1,670 
Hong Kong 4l 1,710 ^ 1.680 
Japan 59 2,390 № 6,560 
Russia 28 3,130 н 720 
Taiwan 18 697 РА 388 
Thailand -- = a6 2.200 
United Kingdom 12 ‚ 912 те 934 
Other (22 countries) 81° _ 3,050 " 128.000 
Total 1,840 87,800 2,520 
‘Revised. -- Zero. 


!Data are rounded to no more than 


three significant digits; may not add to totals shown. 


?Harmonized Tariff Schedule of the United States, 


? Presentation of annual data based 


on the quantities (gross weight) of the five leading countries in 2011. 
"Less than % unit. 
"Includes HTS codes 2841.70.1000 and 2841.70.5000. 
6 


Ferromolybdenum contains about 6094 
Presentation of annual data based on th 
"Includes HTS codes 8102.10.0000, 81 


Source: U.S. Census Bureau. 


to 65% molybdenum. 


е quantities (gross weight) of the 10 leading countries in 2011. 05:99.0000. 
02.94.0000, 8102.95.3000, 8102.95.6000, 8102.96.0000, 8102.97.0000, and 8102.99. 
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Chile 
China 


Germany 


Country 
Argentina 
Belgium 
Canada 


Kazakhstan 


Mexico 


Peru 


Total 
-- Zero. 


TABLE 8 
U.S. IMPORTS OF MOLYBDENUM ORE AND CONCENTRATES (INCLUDING 
ROASTED AND OTHER CONCENTRATES), BY COUNTRY’ 


2010 
Quantity 

(metric tons of Value 
contained Mo) (thousands) 
25 $782 
1,620 51,300 
3,000 99,200 
(2) 3 
25 935 
4,600 53,500 
3,680 108,000 
12,900 314,000 


2011 
Quantity 

(metric tons of Value 
contained Mo) (thousands) 
99 $3,090 
1,420 47,000 
3,840 133,000 
117 4,170 
5,290 74,300 
3,880 198,000 
14,700 460,000 


"Data are rounded to no more than three significant digits; may not add to totals shown. 
?Less than % unit. 


Source: U.S. Census Bureau. 


TABLE 9 


U.S. IMPORTS FOR CONSUMPTION OF MOLYBDENUM PRODUCTS! 


Item 

Molybdenum ore and concentrates, roasted 
Molybdenum ore and concentrates, other 
Molybdenum chemicals: 

Oxides and hydroxides 

Molybdates, all 

Molybdenum orange 
Ferromolybdenum 
Molybdenum powders 
Molybdenum unwrought, bars and rods 
Molybdenum waste and scrap 
Molybdenum wire 
Molybdenum, other 

Total 
NA Not available. XX Not applicable. 


HTS? code 
2613.10.0000 
2613.90.0000 


2825.70.0000 
Various? 

3206.20.0020 
7202.70.0000 
8102.10.0000 
8102.94.0000 
8102.97.0000 
8102.96.0000 
Various" 


2010 
Gross weight Contained Mo 


(metric tons) (metric tons) 
10,300 — 6,340 
13,500 6,610 | 

508 NA 
1,650 928 
349 NA 
5,330 3,560 
232 221 
307 301 
703 682 
19 NA 
582 NA 
33,500 XX 


"Data are rounded to no more than three significant digits; may not add to totals shown. 
?Harmonized Tariff Schedule (HT S) of the United States. 
"Includes HTS codes 2841.70.1000 and 2841.70.5000. 

*Includes HTS codes 8102.95.3000, 8102.95.6000, and 8102.99.0000. 


Source: U.S. Census Bureau. 
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Value 
(thousands) 
$112,000 
202,000 


12,200 
30,100 
2,730 
130,000 
10,100 
10,200 
26,900 
3,030 
37,500 
576,000 


Gross weight 
(metric tons) 
11,700 
18,700 


146 
1,000 
328 
4,810 
281 
566 
748 

21 
903 
39,200 


2011 
Contained Mo 
(metric tons) 
7,080 
7,570 


Value 
(thousands) 
$136,000 
323,000 


3,820 
22,500 
2,790 
119,000 
13,600 
20,800 
27,400 
3,230 
63,200 
736,000 


50.11 


50.12 


TABLE 10 
MOLYBDENUM-PRODUCING MINES IN THE UNITED STATES IN 2011 


State and mine County Operator Source of molybdenum 
Arizona: 
Bagdad Yavapai Freeport-McMoRan Copper & Gold Inc. Copper-molybdenum ore, concentrated. 
Mineral Park Mohave Mercator Minerals Ltd. Do. 
Morenci Greenlee Freeport-McMoRan Copper & Gold Inc. Ро. 
Sierrita Pima do. Do. 
Colorado, Henderson Clear Creek do. Molybdenum ore, concentrated. 
Idaho, Thompson Creek Custer Thompson Creek Metals Co. Inc. Do. 
Montana, Continental Pit Silver Bow Montana Resources Copper-molybdenum ore, concentrated. 
Nevada: 
Ashdown Humboldt Win-Eldrich Mines Ltd. Molybdenum ore, concentrated. 
Robinson White Pine Quadra FNX Mining Ltd. Copper-molybdenum ore, concentrated. 
New Mexico: 
Chino Grant Freeport-McMoRan Copper & Gold Inc. Copper-molybdenum ore, concentrated. 
Questa Taos Chevron Mining Molybdenum ore, concentrated. 
Utah, Bingham Canyon | Salt Lake Kennecott Utah Copper Согр.' Copper-molybdenum ore, concentrated. 
Do., do. Ditto. 


'Wholly owned subsidiary of Rio Tinto plc. 


TABLE 11 
MOLYBDENUM: WORLD MINE PRODUCTION, BY COUNTRY? 


(Metric tons of contained molybdenum) 


Coun 2007 2008 2009 2010 2011 
Armenia — — — ooo O 4295' 4472* 4.365 ' 4335! 4,500 
Camda —— — 6,681 8,602 8,641 8,261 8,404 ^ 
Chle — —— 0 44,912 33,687 34.925 37,186 40,889 * 
Chin? __" 66,700 81,000 93,500 93,600 106,000 
Jra гс 3,600 3,700 3,700 3,800 ' 3,700 
Kazakhstan? ____6__ УУ 26 РЕЛ; E as = 
Kyrgyzstan —— 250 250 250 250 250 
Mexico 6,159 7,812 7,800 10,849 10,881 * 
Mongolia 1,978 1,899 2,408 ' 2,198 ' 1.956 * 
кеш 16,787" 16,721 12,297" 16,963 19,141 4 
Russia" 3,300 3,600 3,800 3,800 3,900 
United States 57,000 55,900 47,800 59,400 63,700 * 
Uzbekistan? 600 500 550 550 550 
"Estimated. " Preliminary. "Revised. -- Zero. 


1 
соса tomas, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
Table includes data available through June 29, 2012. 
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NICKEL 


By Peter H. Kuck 


Domestic survey data and tables were prepared by Lisa D. Miller, statistical assistant, and the world production tables were 


prepared by Glenn J. Wallace, international data coordinator. 


Global consumption of nickel resumed its long-term upward 
growth in 2011, despite concerns about the European debt crisis 
and the devastation created in Japan by a tsunami in March. 
This growth was driven by increased use of stainless steel 
and superalloys. The use of stainless steel in the construction 
and household goods sectors, however, was an exception and 
remained sluggish owing to weak sales of new housing and 
high rates of unemployment. World mine production reached 
an alltime high of 1.96 million metric tons (Mt) of contained 
nickel in 2011, surpassing the previous high of 1.74 Mt in 2007 
prior to the recession (table 10). The London Metal Exchange 
Ltd. (LME) average monthly cash price for nickel metal peaked 
in February 2011 at $28,250 per metric ton, but then began an 
extended decline as new mining projects were commissioned. 
The LME cash price ended the year at $18,149 per ton, and 
averaged $22,890 per ton for 2011. Daily stocks of nickel metal 
in LME-sanctioned warehouses reached an alltime high of 
166,746 metric tons (t) on February 5, 2010. By yearend 2011, 
LME stocks had dropped to 90,516 t, a decline of 46% from the 
alltime high. 

Austenitic (nickel-bearing) stainless steel continued to 
account for more than 60% of global primary nickel 
consumption (Nickel Institute, 2013). In 2011, world production 
of all grades of stainless steel increased by 5% to an alltime high 
of 33.6 Mt from 31.1 Mt in 2010 (International Stainless Steel 
Forum, 2013a, b). China was the leading producer of austenitic 
stainless steel, accounting for about 44% of world output, 
and the leading consumer of primary nickel. The European 
Union (EU) was the second ranked producer of stainless steel, 
with a global share of 23%. In 2011, China produced more 
austenitic stainless steel than the United States, Japan, and 
all of the countries in the EU combined. On a global basis, 
nonferrous alloys accounted for about 12% of primary nickel 
use; electroplating and other surface finishing, 11%; alloy steels 
other than stainless, 10%; and batteries, catalysts, and specialty 
chemicals, 7% (Eramet Group, 2012, р. 35-42; Mistry, 2012, 

р. 7; Маје S.A., 2012c, р. 3-7). 

Reported nickel consumption (primary plus secondary) in 
the United States increased by 8% compared with that of 2010. 
U.S. apparent consumption of primary nickel was 124,000 t, or 
about 8% of world consumption. Stainless steel comprised only 
42% of U.S. primary consumption, a relatively low percentage 
compared with similar economically developed countries. The 
low percentage for the United States was a reflection of the large 
number of specialty metal industries and a readily available 
supply of stainless steel scrap. U.S. industry reported melting 
89,300 t of nickel contained in scrap, an increase of 9% from 
82,000 t (revised) in 2010. 


NICKEL—2011 


Legislation and Government Programs 


Recovery Act Projects.—Since the passage of the American 
Recovery and Reinvestment Act (Public Law 111—5) in 2009, 
the U.S. Department of Energy (DOE) has funded a variety 
of programs designed to encourage more rapid development 
of renewable energy sources. Some of these programs funded 
basic or applied research, while others supported large-scale 
development projects through loan guarantees. Several 
large-scale development projects, each costing more than $1 
billion and funded by industry with partial government support, 
were launched in 2011 (U.S. Department of Energy, 2013). 

Many of the advanced projects involving power generation 
have the potential to increase demand for nickel metal and (or) 
nickel-bearing alloys. Nickel-base superalloys are commonly 
used to fabricate critical components of steam or gas turbines. 
Superalloy piping is used to bring hot, corrosive geothermal 
brines to the surface where the heat can be transferred to a less 
challenging medium. Solar and geothermal plants accounted for 
4% of U.S. renewable energy consumption in 2011. Some of the 
DOE-supported projects had applications for both transportation 
and power generation. One example was the development of 
improved stationary and portable fuel cell power systems (U.S. 
Energy Information Administration, 2012a, p. 6—8, 278—281). 

In fiscal year 2010, Federal agencies implemented nearly 
700 renewable energy initiatives that supported 7 different 
renewable energy sources—bioenergy, geothermal, hydropower, 
ocean, solar, waste conversion, and wind. The U.S. Government 
Accountability Office identified 65 of these as solar-related 
initiatives with obligations totaling $2.58 billion for fiscal 
years 2010 and 2011. An additional $1.32 billion of obligations 
were committed to batteries and energy storage for 2009 
through 2012 (U.S. Government Accountability Office, 2012). 
Commercial implementation of many of these technologies has 
the potential to increase the use of nickel-bearing steels and 
superalloys. 

U.S. Coinage.—The U.S. Mint increased coin production in 
2011 to meet growing demand from a recovering economy, but 
the Mint was still operating at a reduced level when compared 
with the period from 2000 through 2007. The nickel-bearing 
coinage minted in 2011 contained 1,770 t of nickel in the form 
of either cupronickel or manganese brass alloy. In 2011, the 
Mint produced a total of 990.2 million Jefferson nickels (25% 
nickel by weight) and 1,502 million Roosevelt dimes (8.33% 
nickel), up from 490.6 million nickels and 1,119 million dimes 
in 2010 (U.S. Mint, undated b). The Jefferson nickels contained 
a total of 1,238 t of nickel and the Roosevelt dimes contained 
284 t. 


51.1 


Minting of 25-cent pieces remained limited despite the 
improving economy. The U.S. Mint produced 391.2 million 
commemorative quarters in 2011, up from 347.0 million in 
2010, but still far below production levels directly prior to 
the 2008-09 recession. The different designs on the reverse 
(tails side) of the quarters promoted the Nation’s parks and 
historical sites. Each coin weighed 5.67 grams (g) and contained 
8 33% nickel; thus 185 t of nickel was contained in the five 
commemorative quarters released in 2011 (U.S. Mint, 


undated a, b). | | 
In 2011, the U.S. Mint produced 77,56 million Native 


American dollar coins and 297.36 million Presidential dollar 
coins. Each dollar coin weighed 8.1 g and contained 2.0% 
nickel, for а total use of 61 t of nickel (U.S. Mint, undated b, c). 


Production 

e nickel mines in 2011, 
lopment. Limited quantities of 
er and precious 


The United States had no activ 
although several were under deve 
byproduct nickel were recovered at some copp 

eries. 
edi mid-September, Kennecott Eagle Minerals 
Co. (a fully owned subsidiary of the Rio Tinto Group) began 
construction of a $469 million underground mine near Big 
Bay on the Upper Peninsula. The Eagle Mine would be the 
first active nickel mine in the United States since the closure 
of the Nickel Mountain Mine northwest of Riddle, ОК, in 
1996. On September 14, the Ingham County Circuit Court 
gave Kennecott permission to begin excavating a portal and 
1.6-kilometer (km)-long underground incline that would lead 
into the high-grade сорр 
ted to come 
о: mine to the — Hum x 
-nickel sulfide concen 
a pena are then be railed to Ontario, Canada, for 
smelting. Renovation of the Humboldt mill was expected to 
bout $100 million. The mine was expected to produce 
um e of 17,300 metric tons per year (t/yr) of nickel and 
? 20r of copper in concentrates during the first 6 years of 
e x earend 201 1, the deposit had 200,000 t of indicated 
s ye jab resources grading 3.48% nickel (Pepin, 2011, 2012; 
ipis Eagle Minerals Co., 2012; Rio Tinto plc, 2012, 
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ent of Natural Resources—the 
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timated to have 
а 8% copper and 0.08 


the proposed open pit would be shipped to the reconditioned 
Erie mill near Hoyt Lakes, MN, for processing by flotation. 
The concentrate would be processed at the Erie site in a new 
hydrometallurgical plant. The Erie complex was expected to 
process 32,000 metric tons per day (t/d) of ore. In February 
2011, PolyMet revised the design and engineering plan of the 
hydrometallurgical plant. During phase] of the project, the 
PolyMet plant would produce concentrates containing cobalt, 
copper, nickel, and precious metals. In phase 2, the nickel 
concentrate would be processed separately in a dedicated 
autoclave, leading to the production of high-grade copper 
concentrates, nickel-cobalt hydroxide, and a precious-metals 
precipitate. In October 2008, PolyMet formed a strategic 
alliance with Glencore International AG (Baar, Switzerland), the 
world’s leading commodities trading company. At yearend 2011, 
Glencore owned 24.1% of PolyMet’s common shares in addition 
to various debentures and warrants. The Swiss trading company 
agreed to market all of PolyMet’s production and had reportedly 
invested $118 million in the project by mid-2012 (Newby, 2012, 
p. 3, 9; PolyMet Mining Corp., 2012, p. 11-14, 22-27). 

Duluth Metals Ltd. (Toronto, Ontario, Canada), Teck 
American Inc. (Spokane, WA), and Twin Metals Minnesota 
LLC (St. Paul, MN, a subsidiary of Antofagasta Plc and Duluth 
Metals) continued to actively evaluate disseminated sulfide 
deposits in the Duluth Complex, with a focus on the Mesaba- 
Birch Lake-Nokomis area (Minnesota Minerals Coordinating 
Committee, 2011). Since 2007, Duluth Metals has released 
several technical reports about the Nokomis deposit that outline 
the potential of the deposit to support a 40,000 t/d mining 
operation. The Nokomis deposit is located southeast of Ely, 
where a zone of copper-nickel-PGE mineralization occurs near 
the base of the Duluth Intrusive Complex at depths of 130 
meters (m) to 1,300 m. 

In March, Duluth Metals acquired the principal assets of 
Franconia Minerals Corp. (Spokane), which included a 70% 
interest in the neighboring Birch Lake, Maturi, and Spruce 
Road deposits. These assets were later transferred to Twin 
Metals, considerably expanding the Twin Metals Project area. 
Twin Metals retained Bechtel Mining & Metals to prepare a 
prefeasibility study of the project. Subsequent exploration work 
has focused on the Nickel Lake macrodike at the northeastem 
end of the South Kawishiwi intrusion (Duluth Metals Ltd., 2011; 
2012, p. 3-6, 12-16, 31-34, 55; Dundas and others, 2013, 

p. 5-9). 

Byproduct Smelter and Refinery Production.—In 2011, | 
Stillwater Mining Co. (Billings, MT) shipped 573 t of a 
in crystalline sulfate, up from 525 t in 2010. Stillwater mine 
PGEs from the J-M Reef ín Montana's Beartooth Маш, 
Concentrates from the company's two mills (East Boulder E 
Nye) were trucked to the company’s smelting and m 
complex at Columbus, MT, where a PGE filter cake an 3 
byproduct crystalline nickel sulfate containing minor amo 
cobalt were produced (Stillwater Mining Со. 2012, 

‚ 8-12, 52—55). | 
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all the ferronickel consumed in 2011, with more than 97% used 
in stainless, heat-resistant, or specialty alloy steels. 

Secondary Production.—The International Metals 
Reclamation Co. Inc. INMETCO) operated the only secondary 
smelter in North America dedicated to recovering chromium 
and nickel from waste and scrap. The smelter at Ellwood City, 
PA, produced an iron-based remelt alloy that typically averaged 
13% chromium and 12% nickel. Stainless steel producers 
used the remelt alloy as a substitute for ferrochromium and 
ferronickel. INMETCO was capable of processing a wide range 
of nickel-bearing wastes including flue dust, grindings, mill 
scale, and swarf generated during the manufacturing of stainless 
steel. The complex also accepted filter cakes, plating solutions, 
sludges, and spent rechargeable batteries. INMETCO was 
the only facility in North America thermally processing spent 
nickel-cadmium batteries. The facility also processed nickel- 
iron (Edison-type) batteries and nickel-metal hydride batteries. 
INMETCO was a wholly owned subsidiary of the Horsehead 
Holding Corp. (Pittsburgh, PA) (Horsehead Holding Corp., 
2012, р. 1-6, 12—14, 28). 

Gulf Chemical & Metallurgical Corp. (Freeport, TX) [owned 
by Eramet Group (Paris, Егапсе)] was one of a limited number 
of companies worldwide that processed spent catalysts from 
petroleum refineries. The Freeport facility treated nickel- 
molybdenum and cobalt-molybdenum hydrotreating catalysts 
that had been “poisoned” by nickel and vanadium. Gulf 
Chemical first roasted and leached the spent catalysts to recover 
the molybdenum and vanadium. The nickel-and-alumina residue 
was then converted to a crude, but marketable nickel-cobalt 
alloy in a direct-current electric arc furnace (EAF). In April, 
Gulf Chemical launched a $50 million program designed to 
improve the environmental performance of the Freeport plant, 
which had been in operation since 1973 (Gulf Chemical & 
Metallurgical Corp., 2011). 


Consumption 


Apparent primary nickel consumption in the United States 
increased by 10% to 124,000 t in 2011, from 113,000 t in 2010. 
The estimated value of apparent primary nickel consumption 
was $2.84 billion, an increase from $2.47 billion in 2010 
owing to increased use and a 5% increase in the LME cash 
price. Apparent primary consumption plus reported secondary 
consumption in 2011 totaled 214,000 t, an increase of 19,000 t 
from that in 2010 (table 1). 

Stainless Steel and Low-Alloy Steels.—In 2011, stainless 
steel producers accounted for 42% of reported primary nickel 
consumption in the United States (table 4) and more than 60% 
of primary consumption in the world. Alloy steels—other than 
stainless—accounted for an additional 5% of U.S. nickel use. 
Production of raw stainless steel and heat-resisting steel in the 
United States totaled 2.07 Mt in 2011, down by 6% from 
2.20 Mt in 2010. Nickel-bearing grades accounted for 1.43 Mt, 
or 69% of total stainless steel production (American Iron and 
Steel Institute, 2012a, p. 71–73; b). 

North American Stainless (NAS) in Ghent, KY, the leading 
U.S. producer of flat rolled stainless steel, produced 937,000 t of 
slabs—4% more than that of 2010 (Acerinox, S.A., 2012, 

р. 60—63). 
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In October 2010, ThyssenKrupp Stainless USA, LLC began 
cold rolling stainless steel at its greenfield mill in Calvert, AL. 
Production initially used material from ThyssenKrupp AG’s 
stainless mills in Europe. In late 2011, a second Sendzimir 
cold-rolling mill was added to the Calvert facility. The new 
Sendzimir mill allowed the facility to begin manufacturing 
stainless steel flat products in widths of 183 centimeters (72 
inches)—a product used to manufacture large storage tanks for 
the chemical, food processing, and petroleum industries. The 
Calvert facility was the only stainless steel rolling mill in North 
America with this capability. 

The new cold-rolling operation was part of a much larger 
steelmaking and processing complex launched in 2007 that 
was being built in partnership with ThyssenKrupp Steel 
USA (Calvert, AL). The stainless steel meltshop—still under 
construction—was designed to produce up to 1 million metric 
tons per year (Mt/yr) of stainless steel slabs and was expected to 
be operational as early as December 2012. The meltshop would 
have a 160-t-capacity EAF, a 180-t-capacity argon oxygen 
decarburization (AOD) converter, and a continuous caster. 

Of the $5.0 billion being spent on the Calvert complex, $1.4 
billion was being invested in the stainless melting and rolling 
facilities (ThyssenKrupp Stainless USA, LLC, 2010, 2011; 
ThyssenKrupp Steel USA, [undated]). 

Superalloys and Related Nickel-Based Alloys.—Of the 
primary nickel consumed in the United States, approximately 
2196 was used to make high-performance superalloys and 
related nickel-based alloys for the aerospace, electric power, and 
petrochemical industries. Sales to manufacturers of jet aircraft 
engines and other sectors of the aerospace industry increased 
in 2011, as Airbus S.A.S. and the Boeing Co. began to ramp 
up production of legacy single-aisle aircraft, such as the 737 
and A320. Shipments of U.S.-manufactured civil jet transport 
increased to 477 in 2011 from 462 in 2010. On a global basis, 
Airbus and Boeing, the two leading manufacturers of large jet 
transport, delivered a total of 1,011 commercial aircrafts in 
2011, a 496 increase from the 972 in 2010. U.S. sales of civil 
aircraft rose from a previous high of $51.4 billion in 2007 to 
$51.7 billion in 2011 in terms of 2005 constant dollars. Sales 
of superalloys to the defense manufacturing sector also were 
robust. From 2002 to 2008, U.S. aerospace industry sales for 
the combined military aircraft, missiles, and space subsectors 
steadily increased, increasing to $129 billion from $91.2 billion. 
However, sector sales leveled off in 2010 to $127 billion 
and declined in 2011 as the U.S. Federal budget came under 
financial pressure (Aerospace Industries Association, 2012, 

p. 3-7 and 9-14; EADS N.V., 2012). 

Allegheny Technology Industries, Inc. [ATI (Pittsburgh, 

PA)] was constructing a hot-rolling and processing facility for 
advanced specialty metals at the company's existing flat-rolled 
operations in Brackenridge, PA. The new facility, budgeted 

at $1.16 billion, would produce high-quality hot-rolled coils 
for a variety of metals and alloys, including nickel-based 
alloys, titanium metal, titanium alloys, zirconium alloys, and 
select grades of specialty stainless steels. The new facility was 
designed to produce thinner and wider coils than was possible 
in the past. The maximum width of the hot bands would be 2 
meters (78.62 inches) (Allegheny Technologies Inc., 2012, p. 4, 
F14—15, F21, F36). 
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Rolls-Royce plc (London, United Kingdom) signed a 
long-term sourcing agreement with АП to ensure an adequate 
supply of the nickel-based ATI 718Plus® superalloy, which was 
being manufactured into a variety of jet engine components. 
Rolls-Royce would be the first jet engine manufacturer to use 
ATI 718Plus® superalloy for rotating applications, where 
premium triple-melted material is required. The improved 
superalloy provides a nominal 55 °C (100 °F) temperature 
advantage over the traditional 718 alloy, enabling a jet engine 
of the same design to operate at a higher temperature. General 
Electric Aviation [an operating unit of General Electric Co. 
(GE)] had signed a similar sourcing agreement with ATI in 2010 
(Allegheny Technologies Inc., 2011). 

Nickel Use in Industrial Gas Т urbines and Steam 
__Тће U.S. Energy Information Administration 
(ЕТА), an agency within DOE, projected that the share of U.S. 
electric power generation from natural gas would rise to an 
average of 26.0% in 2015 from an average of 24.8% in 2011. 
This projection reflected the plentiful supply and relatively low 
cost of natural gas in North America in 2011. ATI718Plus® 


and similar superalloys were expected to play an increasingly 
facturing of these advanced turbines 


Turbines. 


important role in the manu 
(Allegheny Technologies Inc., 2012, p. 15; U.S. Energy 
Information Administration, 2012a, р. 3-7, 37-40, 224; 20125; 
Gold, 2013). 


mens Energy commissioned a new $350 


оп gas-turbine production plant, adjacent to the company’s 
rer yr eae plant in Charlotte, NC. For 
more than a decade, Siemens AG—the parent company in 
Munich, Germany—had been involved with the development 
and application of superalloys for large utility gas turbines— 
both in Europe and in the United States. At yearend 2011, 
Siemens was evaluating at least four nickel-base Орта: оу 
with nominal nickel contents ranging from 59% to 61% for 
single crystal use in jet engines and turbines. At least five other 
alloys containing between 49% and 69% nickel were being 
evaluated by industry for advanced ultrasupercritical turbines. 
Turbine inlets fabricated from these superalloys would receive 
as high as 760 °C (1,400 °F) (Moverare 
Sector, 2011; Draa, 
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625. The Salt River Project, a municipal utility in Arizona, 
agreed to purchase the entire plant output for the next 30 years 
(ThyssenKrupp AG, 2011; Trabish, 2012). 

In Nevada, Gradient Resources Inc. broke ground for the 
first phase of its Patua geothermal power project in Churchill 
County, 61 km east of Reno. Although production well drilling 
started in 2010, actual construction of the 60-MW generating 
station did not start until August 2011. The $300 million 


_ powerplant was scheduled to begin commercial operations 


in September 2013. Five other geothermal powerplants were 
operating within a 50-km radius of the Patua site (Gradient 
Resources Inc., 2011; 2012; Chichon, 2012, p. 14-15). 

Nickel-Based Batteries and Hybrid Electric Vehicles—US. 
demand for nickel in rechargeable batteries continued to 
increase. In 2011, many of the hybrid electric vehicles on U.S. 
highways used nickel-metal hydride (NiMH) batteries. Ford 
Motor Co., Honda Motor Co., Ltd., and Toyota Motor Corp. 
have all relied on NiMH batteries because of their proven 
durability, stability, and safety. The rechargeable battery market 
remained highly competitive and a variety of lithium-ion and 
lithium iron phosphate batteries began making inroads against 
the standard NiMH design (Vandeputte, 2012, p. 10-16). 

In 2010, GE spent $100 million converting a steam turbine 
assembly facility at Schenectady, NY, to an advanced battery 
manufacturing facility, and in 2011, began manufacturing the 
Durathon family of batteries —sodium-metal-halide batteries 
that contain nickel chloride as a key cell constituent. The 
advanced battery, originally designed for data centers and 
backup power, reportedly could store three times more energy 
than an equivalent conventional lead-acid battery. The Durathon 
battery was one-half the size of an equivalent lead-acid battery, 
required almost zero maintenance, and had a life expectancy of 
about 20 years. The battery was nontoxic, fully recyclable, and 
was capable of operating at temperatures ranging from -20°С 
to 60 °C. GE planned to invest an additional $70 million in the 
plant to double its production capacity (General Electric Co., 


2012; 2013). 


Stocks 

0, stocks of nickel metal in | 
ly decline from the alltime high 
0. By January |, 201, 


During (ће second half of 201 
LME warehouses began to slow 
of 166,746 t reached in February 201 ў 
LME stocks had decreased to 136,890 t. This level was still 
quite high compared with inventories held from 2000 through 
2007—before the start of the recession. During 2011, LME | 
stocks continued to decrease as production of stainless steel к 
China increased and the economies of key countries like Brazi 


and the United States recovered from the economic downturn. 
llected by the 


LME stocks ended 2011 at 90,5 16 t. Data co i 
International Nickel Study Group (INSG) (2012, p. Al- т 
А7) indicated that, at yearend 2011, world nickel sane i 
(excluding those in Austria, China, Macedonia, а = 
Ural region of Russia) held an additional 95,500 t o pr! 


nickel stocks. About 69%, or 65,500 t, of the producer n À 

was class I material (refined products with a nickel ont wn 
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ferronickel, oxide sinter, and East Asian utility nickel. All stocks 
in LME warehouses were class I. At yearend, U.S. consumer 
stocks of primary nickel totaled 12,100 t, 8% more than the 
11,200 t held at yearend 2010 (tables 1, 5). 


Prices 


Nickel prices trended upward between July 2010 and 
February 2011, driven by the global economic recovery and the 
resulting increased consumption of the metal. However, actions 
by hedge funds, institutional investors, and speculators resulted 
in significant fluctuations in pricing within the general trend. 
The January 2011 average LME cash price for 99.8%-риге metal 
was $25,642 per metric ton ($11.631 per pound). A high of 
$28,249 per ton ($12.814 per pound) was reached in February, 
followed by a decline in price. By June, the average monthly 
price had declined to $22,349 per ton ($10.137 per pound) and 
declined further throughout the summer and fall as the Euro 
zone crisis started to escalate and the full impact of the tsunami 
began to be felt in Japan. Owing to the tsunami and an already 
weak construction market, Japanese production of austenitic 
stainless steel decreased by 4% to 1.72 Mt in 2011. The monthly 
average price for December was $18,149 per ton ($8.232 per 
pound), about 29% less than that of January. The average annual 
LME price was $22,890 per ton ($10.383 per pound)—5% more 
than the 2010 average. 


World Review 


The world's leading producer of nickel ore was Norilsk 
(Russia), followed by Vale S.A. (Brazil and Canada) and the 
BHP Billiton Group (Australia and United Kingdom). PT Aneka 
Tambang Tbk. (Indonesia) was in fourth place, producing large 
tonnages of direct shipping ore for the Chinese nickel pig iron 
(NPI) industry. Other major producers were Anglo American 
plc (United Kingdom), Eramet Group (France), Jinchuan 
Non-ferrous Metals Corp. (JNMC) (China), and Xstrata plc 
(Switzerland). 

According to the International Nickel Study Group, world use 
of primary nickel was 1.58 Mt in 2011—ап alltime high for the 
second consecutive year—and was 8% greater than the previous 
high of 1.46 Mt in 2010 (International Nickel Study Group, 
2012, р. А—1 and A—5). Global mine production increased by 
15% to a record-high 1.96 Mt. Production in eastern Canada 
increased by 47% after a prolonged labor dispute between Vale 
and the United Steelworkers was settled in the second half of 
2010. Production, however, was still 14% less than the prestrike 
output of 2008. The dispute had crippled Vale’s mining and 
concentrating operations in Ontario and Labrador. 

Global demand continued to be buoyed by the growth of 
apparent consumption in China, which rose to 685,000 t in 2011 
from 348,000 t in 2007. The Chinese stainless steel industry 
continued to expand and used a record-high 521,000 t of 
primary nickel in 2011, а 22% increase from the amount 
consumed in 2010. The Chinese stainless steel industry was the 
leading consumer of primary nickel. The steel industry of the 
EU consumed 213,000 t of primary nickel in 2011, while the 
Japanese steel industry was in third place with 84,000 t (Eramet 
Group, 2012, р. 33—42). According to the International Stainless 
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Steel Forum (2013а; b), global stainless steel production 
increased to 32.1 Mt ш 2011 from 31.1 Mt in 2010 and 24.9 Mt 
in 2009. 

Australia.—Australia was the fifth-ranked nickel-producing 
country in the world. Seven companies in Western Australia 
reported producing salable nickel in 2011. Two of the seven, 
plus one additional company, trucked sulfide ore to BHP 
Billiton’s concentrator at Kambalda for further processing 
[Department of Mines and Petroleum (Western Australia), 2011, 
p. 35-37]. 

Laterite Operations.—The Yabulu refinery of Queensland 
Nickel Pty. Ltd. processed laterite ores purchased from 
independent mining operations in Indonesia, New Caledonia, 
and the Philippines. In 2011, Yabulu produced about 32,000 t 
of nickel, mostly in the form of compacts (a product similar to 
rondelles) averaging 98.5% nickel or greater. Other products 
included nickel carbonate, specialty nickel oxide, and nickel 
oxide sinter (Queensland Nickel Group, The, 2013, p. 8, 10). 

In October, First Quantum Minerals Ltd. recommissioned the 
idled Ravensthorpe complex in Western Australia, after making 
$150 million worth of modifications to the front end of the 
complex. The Ravensthorpe operation produced 5,666 t 
of nickel in a mixed nickel-cobalt hydroxide intermediate 
during ramp up in the fourth quarter. Ravensthorpe achieved 
commercial production in late December and was expected to 
produce between 33,000 t/yr and 36,000 t/yr of contained nickel 
in 2012 (First Quantum Minerals Ltd., 2012, p. 3, 11, 22, 26). 

The Murrin Murrin joint venture near Leonora, Western 
Australia, used sulfuric acid to leach nickel and cobalt from 
lateritic ores in high temperature, high-pressure autoclaves. The 
laterite mining and processing operation produced 30,000 t 
of nickel, an increase of 4% from that produced in 2010. In 
October, Glencore Investment Pty. Ltd. acquired the 60% 
interest in Murrin Murrin held by its joint-venture partner, 
Minara Resources Ltd., and took full control of the operation 
(Glencore International plc, 2013, р. 46—52, 74). 

Sulfide Operations.—7asmania.—The Avebury Mine 
[Minmetals Australia Pty. Ltd. (Melbourne, Victoria)] remained 
on care-and-maintenance status throughout 2011. 

Western Australia.—In 2011, Nickel West, a subsidiary of 
BHP Billiton, produced 44,800 t of metal briquettes and powder 
at its Kwinana refinery from matte produced at its Kalgoorlie 
smelter. Kwinana also produced several intermediate products, 
including ammonium sulfate, cobalt-nickel sulfide, and copper 
sulfide. The Kalgoorlie smelter produced an additional 52,700 t 
of nickel in finished matte (68% nickel) for export. About опе- 
third of the concentrate feed for the smelter came from the 
Mount Keith Mine in the Northern Goldfields region. The other 
two-thirds came from Nickel West's Perseverance-Cliffs mining 
operations near Leinster and third party mines at Kambalda 
(BHP Billiton, 2012, p. 52—57, 81, 121). 

Western Areas NL mined 374,000 t of sulfide ore grading 
5.0% nickel and containing 18,553 t of recoverable nickel at its 
Flying Fox underground mine at Forrestania in the fiscal year 
ending June 30, 2012. The company also extracted 189,000 t of 
ore grading 4.896 nickel and containing 9,135 t of nickel from 
the Tim King open pit at its new Spotted Quoll Mine, 6 km 
south of Flying Fox. In March, Western Areas began developing 
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the underground portion of the Spotted Quoll ore complex. 

The new underground workings were reached from a decline 
constructed in the wall of the Tim King pit. Underground 

mining started in November 2011 on the 1230 level [Department 
of Mines and Petroleum (Western Australia), 2011, р. 35—36; 
Western Areas NL, 2011, р. 2, 8-21]. 

Brazil.—Seven companies mined nickel ore in Brazil—Anglo 
American Niquel Brasil Ltda., Cia. Nickel do Brasil, Grupo 
Votorantim, Mineradora Comercial Lillian Ltda., Mirabela 
Nickel Ltd., Prometálica Мтегасао Centro Oeste S.A., and Vale 
S.A. 
Construction of two greenfield ferronickel complexes was 
completed in late 2010. In March 2011, Anglo American 
Niquel Brasil Limitada poured the first deliverable ferronickel 
at its $1.9 billion Barro Alto complex in Goias State. The new 
smelter-refinery was scheduled to reach full production in 
early 2013 and was expected to produce 41,000 t/yr of nickel 
in ferronickel when ramp up was completed. The plant had 
two rotary kilns for calcining the raw ore and two 83-MW 
electric-arc furnaces for final smelting. The Barro Alto complex 
is approximately 170 km from Anglo American’s older, but still 
active, Codemin mining and smelting complex in Niquelandia. 
The open pit at Barro Alto, which has been operating since 
2004, will continue to supply ore to the Codemin ferronickel 
plant. In 2011, the Codemin and Barro Alto plants produced 
9.500 t and 6,200 t, respectively, of nickel in ferronickel. At 
угагепа 2011, the Barro Alto Mine had 52.2 Mt of proven and 
probable reserves grading 1.60% nickel and containing 
833,000 t of nickel (Anglo American ple, 2012, р. 2, 16-1 8, 


72-15, 178-179). 


In March, Vale formally commissioned its Onça Puma 


-no complex in Para State and began producing alloy 
a d two ея furnaces. The second furnace came 
online in the second half of 2011. Lateritic ores from the Onga 
and Puma West pits were being blended to produce a consistent 
feed for the coal-fired rotary calcination kilns. The processing 
complex was designed to produce 53,000 t/yr of nickel in 
ferronickel, but only produced 7,000 t in 2011. Operational 
issues with both furnaces slowed ramp up. The capital i 
of the project was about $2.84 billion. At yearend 2011, the 
Onca Puma Mine had 82.9 Mt of proven and probable reserves 
averaging 1.52% nickel (Vale S.A., 2011; 2012a, 
20, 36-38, 59; Spinetto, 2012). : р | 
‘Votorantim Metais Níquel S.A. was the leading producer О | 
lytic nickel in Latin America and operated a nickel-cobalt 
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Mirabela Nickel Ltd. (Perth, Western Australia) produced 
sulfide concentrate at its Santa Rita Mine near Ipiau, Bahia 
State. Santa Rita had the capacity to produce 27,000 t/yr of 
nickel in sulfide concentrate. In 2011, Mirabela processed 
5.37 Mt of ore grading 0.50% nickel, and produced 15,854t 
of nickel in concentrate, an increase from 10,375 t in 2010, 
Mirabela shipped roughly one-half of the concentrate to Norilsk 
Nickel’s Harjavalta smelter in Finland, and trucked the other 
one-half 1,350 km to Votorantim’s Fortaleza smelter in Minas 
Gerais. Santa Rita reportedly had 16.7 Mt of proven reserves 
averaging 0.57% nickel and 143 Mt of probable reserves 
grading 0.52% nickel (Mirabela Nickel Ltd., 2012, p. 7-10). 

Burma.—China Nonferrous Metals Mining Group Co. Ltd. 
(CNMC) and Taiyuan Iron and Steel (Group) Co. Ltd. (TISCO) 
have been developing a laterite mine and constructing an 
adjacent ferronickel smelter at Tagaung Tang, near Thabeikkyin 
in the Mandalay region of Burma. The project was expected 
to cost between $790 million and $900 million. According to 
the Myanmar Ministry of Mines, the Tagaung Tang Mine was 
commissioned in March 2011. The mine reportedly had 40 MI 
of reserves averaging 2.0296 nickel (Thet, 2012, p. 11, 26-29). 

Canada.—Four Provinces had active nickel mines in 2011— 
Manitoba, Newfoundland and Labrador, Ontario, and Quebec. 
In addition, companies were evaluating a variety of nickel 
deposits in all but two of the remaining nine Provinces or 
Territories. 

Manitoba.—Vale Nickel's operations at Thompson produced 
25,000 t of refined nickel in 2011 from ores extracted from the 
Birchtree and Thompson Mines. The Thompson Mine processed 
1.18 Mt of ore grading 1.7696 nickel, while the Birchtree Mine 
produced 721,000 t grading 1.36% nickel (Vale S.A., 20122, 
p. 35, 37-38). 

Newfoundland and Labrador.— Vale Nickel ex 
2.37 Mt of ore grading 3.38% nickel and 2.39% copper from 
its Ovoid Mine near Voisey's Bay that eventually yielded 
68,900 t of refined nickel, up from 42,300 t in 2010, but down 
from a record 77,500 t in 2008. A prolonged labor 
began in August 2009 and continued through January 2011 
was responsible for the post-2008 decrease in production of | 
finished nickel. Vale has been constructing a hydrometallurgica 
processing plant at Long Harbour, Newfoundland, since April 
2009. The Long Harbour plant was scheduled to begin operation 
in 2013 using concentrates from Ovoid as feed. In 2011, T 
Nickel shipped the high-grade nickel concentrate produced а 
Ovoid to Sudbury and Thompson for smelting and downstream 
processing (Vale S.A., 2012a, p. 35, 37—38; 20126). = 

Ontario.—Sudbury has been the leading nickel-producine 
district in Canada since 1883. Vale Canada's Ontario Division 
produced 59,700 t of refined nickel in 2011 from its ow? b. 
up from 22,400 t in 2010 and 43,600 t in 2009—2 desi 
output was affected by a prolonged labor strike. The On 29.7001 
Division had seven mines operating in 2011. Part of the 27, j 
was recovered from intermediate nickel oxide at the Sue 
Clydach refinery in the United Kingdom. Vale Canada con 


TIE | :ng the strike. 
its new $450 million Totten Mine during 
to develop its d mine produced 28,000 t of of 
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dispute that 


In 2011, the partially complete 
grading 1.01% copper and 0.97% nickel (Vale S.A., 20122 
p. 33-39). 
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Xstrata, Sudbury's other principal producer, mined 
1,493,000 t of ore with an average grade of 1.4696 nickel and 
3.23% copper (Xstrata plc, 2012b, p. 1, 7—8). Xstrata's smelter 
at Falconbridge produced 69,459 t of nickel in matte, which was 
shipped to the company's Nikkelverk operations in Norway for 
refining (Xstrata plc, 2012a, p. 60—65; b, p. 7-8). 

Quadra FNX Mining Ltd. operated the Levack/Morrison, 
McCreedy West, and Podolsky Mines, all located within 35 km 
of Sudbury, and retained the mineral rights to the Kirkwood and 
Victoria properties. In 2011, the company sold ore containing 
4,500 t of payable nickel to Xstrata Nickel. In December, 
Quadra FNX accepted a takeover offer from KGHM Polska 
Miedz S.A. (Lublin, Poland). The $2.9 billion transaction 
closed in March 2012, and the company was renamed KGHM 
International Ltd. (КОНМ International Ltd., 2012, 

p. 2, 10-12). 

Cliffs Natural Resources Inc. (Cleveland, OH), KWG 
Resources Inc. (Montreal, Quebec), and Noront Resources 
Ltd. (Toronto) continued to evaluate a variety of chromium, 
copper, nickel, PGE, and titanium deposits in the McFaulds 
Lake District. The district is located in the James Bay Lowlands, 
north of the Albany River. The district is the site of two massive 
chromite zones and a variety of nonferrous metal targets in and 
around a large ultramafic intrusion—the Ring of Fire. At least 
30 other companies were active in the area at yearend 2011. The 
Government of Ontario was working with the mining industry, 
local communities, and the Matawa First Nations to develop 
all-weather roads, a possible rail line, and other infrastructure 
needed to support mining development (Kral, 2013, p. 22, 24). 

In March, Noront Resources Ltd. filed plans of its proposed 
Eagle's Nest project with the Canadian Environmental 
Assessment Agency and the Province of Ontario. The company 
subsequently discovered additional nickel, copper, and 
platinum-group-metal resources at two other sites— Eagle 
Two” and “АТ-12”. Noront was planning to complete a full 
feasibility study of the Eagle's Nest by October 2012. The 
sulfide concentrate would be slurried and pumped through a 
pipeline from the underground mine to Webequie Junction 
(Ontario Prospector, The, 2010, р. 22—29; Noront Resources 
Ltd., 2012, p. 1, 4—7, 14—19). 

Quebec.—Xstrata's Raglan operation in northern Quebec 
produced 27,274 t of nickel in concentrate, which was 396 less 
than the 28,237 t recovered in 2010. A fourth underground 
mine—Kikialik—was being excavated at Raglan and began 

commercial production in January 2012 (Xstrata ple, 2012b, 
p. 8). 

Royal Nickel Corporation (RNC) (Toronto) was evaluating 
the Dumont nickel property, about 70 km northwest of Val 
d’Or. In January 2012, RNC commissioned Ausenco Solutions 
Canada, Inc. to update the existing prefeasibility study and 
prepare a NI 43-101-compliant technical report on the property. 
The nickel mineralization was associated with a 700 m-thick 
mafic to ultramafic sill. The deposit had 1,070 Mt of probable 
reserves grading 0.27% nickel, putting Dumont on par with the 
Voisey's Bay deposit in Labrador (Ausenco Solutions Canada, 
Inc., 2012, p.1—1 їо 1—16). 

Indonesia.—The Government of Indonesia warned PT Aneka 
Tambang Tbk. (Antam) that the company might have to limit 
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sales of both limonite and saprolite to NPI producers in China 
and other overseas customers. The Indonesian Government 
wanted foreign consumers to construct new ferroalloy and (or) 
NPI facilities in the archipelago. Antam decided to modernize 
its ferronickel complex at Pomalaa and construct a coal-fired 
powerplant close to the complex in anticipation of a future 
Government ban or tax on exports of direct shipping ore. Antam 
mined 7.96 Mt (wet) of various laterite ores, exceeding its 
alltime high of 7.11 Mt in 2007. About 8096 of the production 
was direct shipping ore for export—primarily to Australia, 
China, eastern Europe, and Japan. Antam produced 19,690 t 

of nickel in ferronickel, an increase of 5% from that in 2010. 
Antam's three smelters at Pomalaa had a combined capacity of 
26,000 t/yr of nickel in ferronickel (in the form of ingot and shot 
averaging 1996 to 2196 nickel) (PT Aneka Tambang Tbk., 2012, 
р. 16, 75—80, 98—102, 118—122). 

PT Vale Indonesia Tbk. (PTVI) (formerly PT International 
Nickel Indonesia Tbk.) mined 3.85 Mt of ore averaging 1.95% 
nickel from its Sorowako concessions on Sulawesi, as measured 
by the amount of product delivered to the company's smelter 
from its adjoining dryer kilns. The smelter produced 66,900 t 
of nickel in matte for export to Japan, down by 12% from that 
in 2010. In October, PTVI inaugurated its 90-MW Karebbe 
hydroelectric power station, raising capacity of the system to 
365 MW. Vale had a 59% interest in PTVI (PT Vale Indonesia 
Tbk., 2012, p. 42, 67—73). 

Japan.—On March 11, an earthquake with a magnitude of 9.0 
struck the northwestern area of the Pacific Ocean, about 70 km 
east of the Tohoku coast of Honshu. The earthquake triggered 
a tsunami that devastated the eastern parts of Fukushima, 

Iwate, and Miyagi Prefectures. The Hachinohe ferronickel 
plant operated by Pacific Metals Co. in Aomori Prefecture was 
damaged by the earthquake, resulting in a production loss of 
some $8,300 t of ferronickel (gross weight). The plant was the 
largest ferronickel operation in Japan and had a production 
capacity of 40,000 t/yr (gross weight). Hachinohe was owned 
by Nippon Steel Corp., Japan's leading stainless steel producer, 
and Sumikin Stainless Steel Corp., a joint venture of Sumitomo 
Metal Industríes Ltd. and Nippon Steel Corp. Full capacity was 
restored by the beginning of 2012 (Camus, 2011; Menzie and 
others, 2011; TEX Report Ltd., The, 2011). 

Elsewhere, many bridges and highways were destroyed, 
disrupting supply chains throughout Honshu. The earthquake 
damaged the Takahagi warehouse where the central Government 
had stored emergency stocks of nickel and other strategic 
metals. Seismic activity toppled, crushed, and ruptured 
commodity storage containers stacked inside the warehouse. 
Japan Oil, Gas and Metals National Corp.—the stockpile 
operator—spent $1.12 million repairing and upgrading the 
warehouse to minimize damage from future earthquakes. The 
tsunami heavily damaged the Fukushima Daiichi nuclear power 
station. In response to the earthquake, the Government of 
Japan shut down all 54 of the nuclear power reactors in Japan, 
disrupting power supplies for steel mills, ferroalloy plants, and 
base-metal refineries throughout the country (Sheldrick, 2012; 
Takashi and Koji, 2013). 

Madagascar.—Construction of the $5.5 billion Ambatovy 
project was completed in late 2011, with commissioning 
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scheduled for mid-2012. The mine had been operational 

since the third quarter of 2010. The refinery was designed 

to use the Sherritt hydrometallurgical process for recovering 
nickel and cobalt from lateritic ores. The Ambatovy ore was 
piped 220 km from the mining area to the processing plant 

as a water-based slurry. At the processing plant, the ore was 
leached with hot sulfuric acid in autoclaves to produce a mixed 
sulfide intermediate of cobalt and nickel. The mixed sulfide 
intermediate was then dissolved to produce a concentrated 
solution of cobalt and nickel. In the final stage of the operation, 
still in ramp up, the cobalt and nickel would be separated by 
solvent extraction. When fully operational, Ambatovy would 
be capable of producing 60,000 t/yr of nickel metal briquettes 
and 5,600 t/yr of cobalt metal briquettes and powder. The 
complex was expected to be one of the largest lateritic mining, 
processing, and refining operations in the world (Daigle and 
others, 2011, р. 152-162; Sherritt International Corp., 2012, 

p. 2-3, 7, 26, 35-36). 

New Caledonia.—Société Le Nickel, a subsidiary of Eramet, 
produced 40,015 t of nickel in ferronickel at its Doniambo 
smelter. The smelter also produced 13,780 t of nickel in 
matte, which was shipped to Eramet’s Sandouville refinery in 
France for conversion into LME-grade metal and chemicals 
(International Nickel Study Group, 2011; 2012). 

At yearend 2011, Vale Nouvelle-Calédonie SAS (VNC) was 
ramping up production at its new Grand Sud hydrometallurgical 
plant. Performance testing of the autoclaves began in February 
2010, but commissioning of downstream operations was delayed 
when two solvent extraction columns failed 2 months later. The 
solvent extraction columns were à critical part of the complex 5 
refining circuit. The mixed hydroxide precipitate circuit in the 
upstream part of the operation produced 7,374 t of nickel in 
a hydroxide cake that was shipped to the Yabulu refinery in 
Queensland for further processing. The $4.3 billion mining and 
processing complex was expected to have a production capacity 
of 60,000 t/yr of nickel in intermediate product. The mine 
delivered 1.04 Mt of lateritic ore averaging 1.29% nickel to the 
hydrometallurgical plant. At yearend 2011, VNC had 127 Mt of 
proven and probable reserves of dry ore grading 1.44% nickel 
(International Nickel Study Group, 2012; Vale S.A., 2012a, 
мы SAS was preparing to commission its 
$3.5 billion laterite mining and ferronickel project in the 
North Province of New Caledonia. The project was launched 
in February 2007. Koniambo Nickel (Kone) is a Jomi venture 
of Société Minière du Sud Pacifique (SMSP, 51% equity) 
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Finland (1796). Norilsk's Australian subsidiary produced 
1,748 t of nickel in concentrate, but shipped the concentrate to 
Norilsk's Harjavalta refinery in Finland for further processing 
Norilsk's operations on the Kola and Taimyr Peninsulas hada 
combined output of 237,228 t of nickel metal—about 91% of 
Russia's primary nickel output for the year. Norilsk's Russian 
subsidiaries exported almost all of their nickel production; only 
about 12,000 t, or 596, was sold to Russian consumers (OJSC 
MMC Norilsk Nickel, 2012, p. 63-71, 88). 

OAO Mechel (Moscow) owned and operated the Southem 
Urals ferronickel smelter in Orenburg Oblast’ and the two 
laterite mines—Buruktal and Sakhara—that supplied the 
operation. Mechel produced 16,901 t of nickel in low-iron 
ferronickel in 2011, of which an estimated 12,600 t was 
exported. The remainder was used to make stainless steel at 
Mechel’s stainless steel plant at Chelyabinsk. The bulk of the 
exported ferronickel was delivered to Outokumpu Rossija Oy, 
Glencore International AG, A&M Trading, Stratton Metals Ltd, 
and Donetsk Electrometallurgical Plant (OAO Mechel, 2012, 
р. 117-128). 


Outlook 


Nickel consumers in the United States were expected to be 
dependent on foreign sources of refined metal and ferronickel 
for at least the next 25 years, even if all four of the current 
copper-nickel mining projects in the Lake Superior region 
come to fruition. The ongoing expansion of nickel laterite 
mining operations in Brazil, Indonesia, New Caledonia, and 
other tropical countries will help meet the increasing demand 
for nickel worldwide. The nickel output from Vale’s state-of- 
the-art leach facility in New Caledonia and the company’s 
new Long Harbour plant in Newfoundland is expected to 
satisfy the mid-term rise in global demand projected after 
2015. Long-range forecasts of increasing usage in Asia 
have encouraged parastatal companies in China to fund the 
development of greenfield laterite mines in Burma, Indonesia, 
and Papua New Guinea. European and North American 
companies were seriously considering funding large-scale 
laterite projects in Cameroon, Guatemala, the Philippines, and 
Tanzania. At least two exploration companies were showing 
renewed interest in the nickel mineralization of Cote d'Ivoire, 
especially deposits near Biankouma and Yoroudougou, while 
others were preparing to drill two or three promising structures 
in southern Greenland. 

Sulfide mines approaching the end | s 
because of dwindling reserves and high operating costs con 
to be replaced. Developments of high-grade sulfide deposits, 
however, are becoming less frequent because the deposits 
are harder to find and located farther from shipping Vx 
These new projects are more costly to finance owing to t = 
remoteness, stricter environmental regulations, and а 
technical complexity. Аз a result of advances 1n A en E 
large-tonnage, low-grade polymetallic sulfide ore dep ый 
those at Sotkamo, Finland, previously passed over, are 
amenable to bioheap leaching. 

Concerns about global warming an 
changes, together with high oil prices, 
research, development, and construction 
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sector. Many of the older coal-fired plants do not meet current 
environmental standards, cannot be economically renovated, 
and are scheduled to be retired. The retrofitting of coal-fired 
powerplants to reduce carbon dioxide emissions remains a 
national issue. State-of-the-art powerplants fired by natural gas 
were expected to replace some of these coal-based facilities. 

Global demand for electricity continues to increase and is 
accelerating as the population of the world increases. To meet 
demand, utilities will need to build more generating capacity, 
irrespective of whether the plants operate on fossil fuels, 
renewable energy (geothermal, solar, or wind), or nuclear fuels 
(safer, fourth-generation nuclear reactors). All of this capacity 
would require large tonnages of nickel-bearing stainless steel 
and superalloys (Wong and Coates, 2010). 

Demand for nickel in the transportation sector is also expected 
to increase. Chinese, European, and North American usage of 
nickel- and cobalt-base superalloys was expected to escalate 
between 2013 and 2020, largely because of increasing demand 
for new jet aircraft that have more-fuel-efficient engines. 
Boeing forecasts an average growth rate of 5% to 6% per year 
for global passenger and cargo air traffic between 2011 and 
2031. An estimated 33,500 new airplanes would have to be 
built during the 20-year period to meet demand. Significantly 
higher gasoline prices could encourage the replacement 
of conventional automobile steel frames with lighter ones 
fabricated from stronger stainless steel. The development of 
renewable energy sources was expected to accelerate research 
on cost-effective, more advanced batteries, especially for 
automobiles, telecommunication complexes, and remote power 
stations. Depending on material choices, this development could 
either enhance or reduce nickel demand in battery applications 
(Boeing Co., The, 2012, р. 22—26). 
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ТАВГЕ 1 
SALIENT NICKEL STATISTICS! 


(Metric tons of contained nickel unless otherwise specified) 


2007 2008 2009 2010 2011 
United States: 
Secondary recovery from purchased scrap: 
From ferrous scrap 84,600 77,500 72,100 73,300 ' 80,400 
From nonferrous scrap 9,340 9,250 7,730 8,650 ' 8,900 
Shipments of purchased scrap? 181,000 161,000 152,000 139,000 ' 133,000 
Exports: 
Primary 13,100 11,600 7,020 12,600 12,400 
Secondary 103,000 94,600 90,000 80,300 64,800 
Imports for consumption: 
Primary 125,000 129,000 99,900 129,000 138,000 
Secondary 16,200 20,100 17,700 23,800 21,300 
Consumption: 
Reported: 
101,000 * 102,000 * 83,200 " 97,6007 104,000 


Ргітагу 
Secondary, purchased scrap 
Total 
Apparent, primary 
Apparent primary plus reported secondary 


Stocks, yearend: 
Producers and traders 5,690 5,860 5,490 6,240 " 6,650 
Consumer, primary 7,450 " 9,380 ' 8,510 " 11,200 12,100 
Consumer, secondary 6,600 6,320 5,520 6,150 " 6,610 
Total 19,700 21,600 ' 19,500 ' 23,600 25,400 
Price, cash, London Metal Exchange: 
Average annual dollars per metric ton 37,216 21,104 14,649 21,804 22,890 
Average annual dollars per pound 16.881 9.572 6.645 9.890 10.383 


Price, Type 304 stainless steel scrap, gross weight: 
Average annual dollars per metric ton 2,952 2,361 1,462 2,200 2,276 
Average annual 2,999 2,399 1,486 2,235 2,312 

World, mine production 1,740,000 1,610,000" 1,450,000‘ 1,710,000 1,960,000 


PPreliminary. ‘Revised. 

Гаја are rounded to no more than three significant digits; except prices; may not add to totals shown. 

2nefined as scrap receipts less shipments by consumers plus exports minus imports plus adjustments for consumer stock changes. 
3Derived from the monthly averages of the consumer buying price in Pittsburgh, PA, as published in American Metal Market (AMM) 
The price represents Type 304 solids & clips containing 18% to 20% chromium and 8% to 12% nickel. 


94,000 86,700 79,900 82,000 ' 89,300 
195,000 ' 189,000‘ 163,000" 180,000" 193,000 
112,000 ' 115,000 94,100 © 113,000 124,000 
206,000 ' 202,000 174,000 195,000" 214,000 


dollars per long ton 


TABLE 2 
NICKEL RECOVERED FROM PURCHASED SCRAP IN THE UNITED STATES, 
BY KIND OF SCRAP AND FORM OF RECOVERY’ 


(Metric tons of contained nickel) 


и 
= ________________. 2120 ___--2М 
Kind of scrap: 
Aluminum-base” 1,690 1,950 
Copper-base 1,280 1,270 
Ferrous-base” 73,300 ' 80,400 
Nickel-base 5,680 5,680. 
Total 82,000 * 89,300 
Form of recovery: 
Aluminum-base alloys 1,690 1,950 
Copper-base alloys 2,080 2,280 
Ferrous alloys 74,300 ' 80,500 
Nickel-base alloys 3,920 4,560. 
Total 82,000 " 89,300 
"Revised. 
gits; may not add to totals shown. 


Таја are rounded to no more than three significant di 
?Primarily borings and turnings of wrought alloys, suc 


or special casting alloys, such as 203.0. | | 
3primarily stainless and alloy steel scrap consumed at steel mills and foundries. 


h as 2218, 2618, 4032, and 8280, 
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TABLE 3 
REPORTED U.S. CONSUMPTION OF NICKEL, BY FORM! 


(Metric tons of contained nickel) 


E Form 2010 2011 
Primary: 

Metal 83,700 ' 88,400 

t4 Ferronickel 11,400 13,200 

м Oxide and oxide sinter” 214 312 

[i Chemicals 1,270 1,160 

Other 1,020 938 

M Total 97,600 ' 104,000 

Т Secondary, scrap” 82,000 ' 89,300 

Grand total 180,000 ' 193,000 
Il "Revised. 


A !Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes chemical-grade oxide. 
?Based оп gross weight of purchased scrap consumed and estimated average nickel content. 


4 


Sw TABLE 4 
= U.S. CONSUMPTION OF NICKEL, BY USE! 
x (Metric tons of contained nickel) 
iil 2011 Grand 
n Oxide and Other Total ^ Secondary Grand totalin 
ый Use Metal Ferronickel oxide sinter Chemicals forms primary (scrap) total 2010 
A Consumption reported: 
Cast irons” 61 -- -- a 3 64 W 64 292" 
4 Chemicals and chemical uses 956 - W W W 956 - 956 919 
$ Electric, magnet, expansion alloys 268 -- -~ -- -- 268 W 268 212 
Electroplating, sales to platers 6,910 -- -- W W 6,910 -- 6,910 7,200 
[ Nickel-copper and copper-nickel alloys W -- W W 16 16 2,090 2,110 3,550 ' 
| Other nickel and nickel alloys 18,800 ү 4 = 43 18,800 W 18,800 16,000 * 
| Steel: 
6 Stainless and heat resistant 30,900 12,700 W -- 53 43,600 74,900 119,000 117,000‘ 
Alloys, excludes stainless 5,000 158 -- -- W 5,160 2,690 7,850 1,370 ' 
Superalloys 21,000 W -- 1 526 21,500 W 21,500 20,700 
Other 4,580 335 308 1,160 297 6,680 9,620 16,300 12,000 " 
Total 88,400 13,200 312 1,160 938 104,000 89,300 193,000 180,000" 


"Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” -- Zero. 
!Data are rounded to no more than three significant digits, may not add to totals shown. 


"Under investigation. 
*Includes batteries, catalysts, ceramics, coinage, other alloys containing nickel, and data indicated by symbol W. 


TABLE 5 
NICKEL IN CONSUMER STOCKS IN THE UNITED STATES, BY FORM, DECEMBER 31! 


(Metric tons of contained nickel) 


Form 2010 2011 

Primary: | 
Metal 8,340 ' 8,600 
Ferronickel 819 ' 989 
Oxide and oxide sinter 84 ' 88 
Chemicals 1,840 2,340 
Other 85 ' 106 
Total 11,200 12,100 
Secondary, scrap 6,150 ' 6,610 
Grand total 17,300 18,700 

"Revised. 


! Data are rounded to no more than three significant digits; may not add to totals shown. 
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ТАВТЕ 6 
U.S. EXPORTS OF NICKEL PRODUCTS, BY CLASS! 


2010 2011 
Quantity Quantity 
(metric tons of Value (metric tons of Value 
Class contained nickel) (thousands) contained nickel) (thousands) 
Primary: 
Unwrought: 
Cathodes, pellets, briquets, shot 1,310 $28,300 914 $22,400 
Ferronickel 31° 1,280 23 630 
Powder and flakes 1,530 67,000 1,500 61,500 
Metallurgical-grade oxide? 5.440 33,000 4,590 31,600 
Chemicals: 
Catalysts 2,920 184,000 3,560 244,000 
Salts’ 1,410 31,100 1,840 30,900 
Total 12,600 345,000 12,400 391,000 
Secondary 
Stainless steel scrap 70,300 936,000 49,200 958,000 
Waste and scrap 10,000 95,000 15,600 128,000 
_ Tod ^ 7 —— т 830 10000 — —  — 64800 1090000 
Grand total 93,000 1,380,000 — 77200 1,480,000 
Wrought, not alloyed: ee nou UC EPIIT ee 
Bars, rods, profiles, wire 305 7,960 253 7,520 
Sheets, strip, foil 548 17,000 436 15,200 
| Tubes and pipes ^ — 1.050 10,400 202 7,240 
Alloyed, gross weight: петао SEI Ie 
Unwrought alloyed ingot 4,510 108,000 6,480 170,000 
Bars, rods, profiles, wire 15,200 507,000 18,600 675,000 
Sheets, strip, foil 9,270 282,000 14,300 503,000 
Tubes and pipes 2,300 99,200 2,370 120,000 
_ Other alloyed articles о 3,250 324,000 3,530 370,000 
e SSS 34,500 1,320,000 45,300 1,840,000 
"Revised. = 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
The nickel contents are as follows: metallurgical-grade oxide, 77%; waste and scrap, 50%; and stainless steel scrap, 
7.5%. The salts category contains the following: chemical-grade oxide, sesquioxide, and hydroxide, 65%; chlorides, 


25%; and sulfates, 22%. Other salts and various catalysts are assumed to be 22% nickel. 
Excludes nickel carbonate. 


Source: U.S. Census Bureau. 
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Country 
Australia 
Belgium 
Brazil 
Canada 
China 
Colombia 
Finland 
France 
Germany 
India 
Italy 
Japan 


Korea; Republic of 


Mexico 
Netherlands 


South Africa 


Spain 
Sweden 
Taiwan 
Thailand 


United Kingdom 


Other 
Total 
-- Zero. 


pellets, and 

briquets 
(unwrought) 
(5) 


(5) 
19 
914 


flakes 


Powder 


and 

Ferronickel 
4 E 
10 - 

108 -- 


56 -- 
218 -- 
1,500 23 


TABLE 7 
U.S. EXPORTS OF NICKEL PRODUCTS, BY COUNTRY! 


(Metric tons of contained nickel)” 


eee 


2011 
Cathodes, 0 ___" ГСГП "" "“"Г ———_— 


Metallurgical- 
grade oxide? 
(5) 

29 


48 
4,590 


10 
355 
77 
1,450 
448 
9 


107 
33 
79 

1,560 


Waste Stainless 
and scrap steel scrap Chemicals 

1,410 3 

58 346 

8,510 1,610 

94 10,600 

ES (5) 

— 3,090 

85 5 

1,670 75 

37 1,770 

-- 233 

860 3,530 

8 5,870 

12 44 

1,350 1,400 

5 (5) 

-- 722 

205 212 

55 15,100 

-- 1,050 

1,170 106 

121 3,470 

15,600 49,200 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
*The nickel contents are assumed to be as follows: metallurgical-grade oxide, 77%; waste and scrap, 50%; and stainless steel scrap, 7.5%. The chemicals 


category contains the following: chemical-grade oxide, sesquoxide, and hydroxide, 65%; chlorides, 25%; and sulfate, 22%. Other salts and various 
catalysts are assumed to be 22% nickel. 


ЗСћеписа!-ртаде oxide is included in the “Chemicals” category. 
*Excluded from “201 1, total.” 


5Less than % unit. 


Source: U.S. Census Bureau. 
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5,400 


Total 
1,430 
798 
224 
14,300 
11,400 
95 
3,090 
112 
2,440 
2,340 
312 
6,430 
6,010 
883 
2,860 
57 
723 
448 
15,300 
1,160 
1,410 
5,430 
77,200 


Total 
in 2010 
663 
532 
395 
10,600 
7,000 
101 
3,210 
86 


5,570 
93,000 


Wrought 
nickel 
in 20114 

4 


51.15 


51.16 


ТАВГЕ 8 


U.S. IMPORTS FOR CONSUMPTION OF NICKEL PRODUCTS, BY CLASS! 


2011 
Quantity 
(metric tons of Value 
contained nickel) (thousands) 


117,000 — $2,770,000 
11,700 269,000 
6,530 191,000 


451 7,850 


1,770 105,000 
979 21,400 
138,000 3,370,000 


12,700 295,000 
8,600 189,000 
21,300 484,000 


2010 
Quantity 
(metric tons of Value 
Class contained nickel) (thousands) 
Primary: 
Unwrought: 
Cathodes, pellets, briquets, shot 110,000 $2,320,000 
Ferronickel 9,420 186,000 
Powder and flakes 6,290 163,000 
Metallurgical-grade oxide” 79 ' 1,610 
Chemicals: 
Catalysts 1,690 85,500 
Salts" 1,440 33,000 
Total 129,000 2,790,000 
Secondary’? 
Stainless steel scrap 14,600 305,000 
Waste and scrap 9,130 167,000 
Total 23,800 472,000 
Grand total 153,000 3,260,000 
Wrought, not alloyed: 
Bars, rods, profiles, wire 248 8,360 
Sheets, strip, foil 340 9,810 
Tubes and pipes 89 2,960 
Total 677 21,100 
Alloyed, gross weight: 
Unwrought alloyed ingot 6,860 135,000 
Bars, rods, profiles, wire 8,540 210,000 
Sheets, strip, foil 2,570 57,700 
Tubes and pipes 1,680 64,000 
Other alloyed articles 1,830 98,900 
Total 21,500 565,000 


159,000 3,850,000 


б лаа ee — — — —  — — — 


301 11,300 
422 16,200 
104 4,160 
827 31,700 


7,780 185,000 
10,300 331,000 
3,890 108,000 
1,640 89,900 
2,210 125,000 
25,800 840,000 


p --————Á——— EN No NES 


Revised. 


2 


| 
his are rounded to no more than three significant digits; may not add to totals shown. 
е nickel contents are as follows: metallurgical-grade oxide from Australia, 9096; elsewhere, 7796. The salts 


inca Бан tains the following: chemical-grade oxide, sesquioxide, and hydroxide, 65%; chlorides, 25%; 
А i E 22%; and о salts, which are assumed to be 22% nickel. The typical catalyst is assumed to have а 
e! content of 22%. Waste and scrap is assumed to be 50% nickel; and stainless steel scrap, 7.5% nickel. 


Excludes nickel carbonate. 


Source: U.S. Census Bureau. 
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ТАВГЕ 9 
U.S. IMPORTS FOR CONSUMPTION OF NICKEL PRODUCTS, BY COUNTRY! 


(Metric tons of contained nickel)? 


DLL ————————M—9———— cC 
2011 
Cathodes, 


pellets, and Powder Wrought 
briquets and Metallurgical- Waste Stainless Total nickel 

Country (unwrought) flakes Ferronickel grade oxide? апі scrap steel scrap Chemicals Total in2010 12011" 
Australia 18,500 683 -- 311 109 -- -- 19,600 17,000 -- 
Belgium -- 115 -- 2 6 1 236 360 381 -- 
Brazil 3,670 — 630 - 66 27 -- 4,390 3,550 -- 
Canada 48,900 2,730 288 28 1,300 7,020 91 60,400 29,500 1 
Colombia -- -- 3,010 = -- 1 -- 3,010 5,230 -- 
Dominican Republic — -- 3,560 = -- 17 -- 3,580 27 -- 
Finland 8,920 130 -- -- -- -- 113 9,160 6,270 -- 
France 880 2 -- -- 1,170 19 352 2,420 2,800 229 
Germany -- 120 -- -- 581 2 413 1,120 2,260 357 
Indonesia  . - -- 116 -- — -- -- 116 549 -- 
Israel -- 20 — -- 154 30 -- 204 249 (5) 
Italy | -- 11 -- (5) 93 -- (5) 104 158 (5) 
Јарап 276 206 -- 16 578 12 93 1,180 1,790 19 
Mexico -- (5) -- -- 996 4,940 18 5,960 6,000 (5) 
Netherlands? 30 -- 10 - 69 3 415 527 669 ' 1 
New Caledonia — -- 3,570 — -- — -- 3,570 3,530 — 
Norway 12,100 -- -- -- -- -- -- 12,100 25,000 -- 
Russia 21,000 1,350 -- -- 93 -- (5) 22,400 33,800 -- 
South Africa 567 472 6 -- -- -- (5) 1,050 814 -- 
Spain -- -- -- -- 46 -— 4 50 83 -- 
Taiwan — — — -. 114 110 10 234 394 (5) 
United Kingdom 311 568 -- 93 2,120 160 131 3,380 6,870 51 
Zimbabwe 324 -- -- =- -- -- -- 324 762 -- 
Other 1,170 124 478 1 1,110 357 878 4,110 5,070 167 
Тога! 117,000 6,530 11,700 451 8,600 12,700 2,750 159,000 153,000 827 
се EN EO I _ 4,99 157000 195,290 827 


‘Revised. -- Zero. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 

Тре nickel contents are assumed to be as follows: metallurgical-grade oxide from Australia, 90%; elsewhere, 77%. The chemicals category contains the 
following: chemical-grade oxide, sesquioxide, and hydroxide, 65%; chlorides, 25%; and sulfates, 22%. Other salts and various catalysts are assumed to be 22% 
nickel. Waste and scrap is assumed to be 50% nickel; and stainless steel scrap, 7.5% nickel. 

*Primarily oxide, rondelles, and sinter. 

“Excluded from “2011, total.” 

*Less than № unit. 

6Тһе different nickel products (cathode, powder, etc.) are apparently materials that have transited through bonded warehouses in the Netherlands, including 
warehouses overseen by the London Metal Exchange. 


Source: U.S. Census Bureau. 
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TABLE 10 ‚ 
NICKEL: WORLD MINE PRODUCTION, ВУ COUNTRY 


(Metric tons of contained nickel) 


Country and products” 
Albania, laterite ore‘ 
Australia, ores and concentrate? 
Botswana, ore milled* 
Brazil, ore 
Burma, ore* 
Canada, concentrate 
China* 
Colombia, laterite ore* 
Cuba: 
Recoverable laterite:* 
Limonitic 
Serpentinic 
Total 
Oxide, oxide sinter, oxide powder, sulfide, ammoniacal 
liquor 


Dominican Republic, laterite ore 

Finland, concentrate’ 

Greece, laterite ore 

Е у == E 


Indonesia, laterite оге“ 
Ka 


zakhstan, laterite оге“ 


Kosovo, laterite ore 

Macedonia, ferronickel produced” 
Madagascar, laterite ore 

Morocco, nickel sulfate* 

New Caledonia, ore 

Norway, concentrate 


Nona ренин aee ыш сз с, 
Papua New Guinea, ore 
Philippines: 
Ore 
Concentrate! ! 
NE CRANE 


Total 
Russia, marketable mine production: 
Laterite ore"? 


Sulfide concentrate? 
Total 
South Africa, concentrate 
Spain, concentrate 
Turkey, laterite ore* 
Ukraine, laterite ore* 
Venezuela, laterite ore 
Zambia, concentrate! 
Zimbabwe, concentrate 
Grand total 
Of which: 
Concentrate! 
Ore and ore milled 
Laterite ore 
Ferronickel produced 
Nickel sulfate? 
Unspecified and (or) undifferentiated 


"Estimated. "Preliminary. ‘Revised. — Zero. 
World totals and estimated da 


to make reliable estimates 
tural and Resource Economics (ABARE) data for mine. 


Indication of the magnitude of mine output and this is noted. North Korea may 116.2013 
of output. Table includes data available through April 16, 
5 in Western Australia and Tasmania. 


2007 2008 2009 2010 2011 
3,700 3,500 3,500 3,500 3,500 
184,900 199,200 165,000 168,500" 215,000? 
27,600 28,940 4 28,595 4 28,000 26,000 
58,317 67,116 41,059 108,983 109,000 T 
10 10 10 10 800 
254,915 259,651 136,594 158,376 219,612 | 
67,000 79,500 84,800 79,600 ' 89,800 
75,864 $ 64,200 * 79,900 76,200 76,000 
38,600 40,300 42,800 43,300 44,300 
65,600 56,300 49,700 50,700 53,200 
104,000 96,600 92,500 94,000 97,500 
(6) (6) (6) (6) (6) 
47,125 31,300 asd » | s 
3,465 г 4,303 4,400 * 11,286"? 18, 
21,190 18,646 10,203 16,345 21,710 
229,2004 219,300 202,800 235,800 290,000 
200 500 500 500 500 | 
1,820 3,660 8 10,500 * 9,080 * 7,700 
15,321 15,026 12,000 14,413 ' 17,292 | 
| | = 2,000 "© 5,900 
100 100 100 100 
ms 102,583 92,570 129,894 ' p 
246 ' 377 336 = Е 
— — WE ао 
e 
136,000 ' 75,000 ' 144,000" 204,000" put | 
16,300 ' 9,000 ' 17,300 ' 29,000 ' т 
152,300 ' 84,000 ' 161,300 233,000" 270, 
152,300" 84,000" 161,300 233,000" ^ 270007. 
45,687 36,804 32,298 41,184 uid 
234,083 229,765 229,493 228,093 кым 
279,770 266,569 261,791 269,277 ce 
37,163 ' 31,675 34,605 39,960 39, x 
6,772 8,136 8,029 6,296 "y 
500 t 500 ' 100 ' 400 ' М 
8,000 = -- 
Озу 13,000 13,200 11,400 e 
es 751 280 * 2,809 э 
8,582 6,354 4,858 6,200 em 
‚740,000 " — 1,610,000 * 1,450,000" — 1,710,000 " — 1,960, 
_1,740,000 * — 1,610,000 * — 1,450,000 * — 1,710,000 " — 1,960,000. 
562,000 550,000" 436,000 482,000 ' о 
347,000 © 274,000’ 306,000" 1471,000' и 
560,000 € 496,000 " 446,000 ' 490,000 ' pete 
15,300 15,000 12,000 14,400 ' l ji 
80 100 100 100 NE 
252,000 ' 279,000 € 250,000 ' 248,000" . 305, 
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TABLE 10—Continued 
NICKEL: WORLD MINE PRODUCTION, BY COUNTRY! 


?The new Tagaung Tang Mine is a joint project of the China Nonferrous Metal Mining Group (CNMC), Taiyuan Iron & Steel, and the 
Government of Burma. The joint venture officially began recovering laterite ore on March 27, 2011. 
‘The Government of Cuba reported plant production on a contained nickel plus cobalt basis. The tonnages shown in this table for Cuba have been 
adjusted downward to correct for the cobalt. The cobalt content was estimated to be 1.296 for granular and powdered oxide, 1.296 for oxide sinter, 
7.6% for sulfide precipitate, and 33% for leach ammoniacal precipitate. The total contained weight of nickel intermediates processed in Cuba from 
domestic ores was, in metric tons, as follows: 2007— 73,934; 2008— 67,265; 2009— 63,000 (revised estimate); 2010—71,000 (revised estimate); 
and 2011—71,000 (estimated). The nickel intermediates included oxide, oxide sinter, oxide powder, sulfide, and ammoniacal liquor. 
"The gross weight of concentrates processed in Finland from domestic ores was, in metric tons, as follows: 2007—44,824; 2008—43,038; 
2009—43,000 (estimated); 2010—40,800 (estimated); and 201 1—not available. 
Оп February 17, 2008, the Kosovo Assembly declared independence from Serbia. 
?Cunico Resources Group extracts nickel ore from its open pit Rzanovo Mine and transports the ore by conveyor to its FeNi Industries 
pyrometallurgical facility in Kavadarci. At the Kavadarci plant, the Rzanovo ore is blended with higher grade imported ores from Albania, Indonesia, 
New Caledonia, and Turkey to optimize production. 
' АЕ yearend 2011 the Ramu nickel and cobalt project was undergoing commissioning. Beneficiated ore from the Kurumbukari Mine was to be piped 
to the treatment plant at Basamuk for leaching in autoclaves. 
"Nickel content of concentrate produced at Rio Tuba in 2007—11 by Coral Bay Nickel Corp. 
"Nickel content of ore mined in the Ural Mountains region. 
Nickel content of concentrate produced on the Kola and Taimyr Peninsulas. 
"In December 2010, Rio Narcea Recursos, S.A. suspended production at its Aguablanca open pit mine after heavy rainfall caused a major slope 
failure on the main access ramp. Mining resumed in August 2011, but milling operations did not restart until the third quarter of 2012. . 
^ Albidon Limited concentrates were shipped to Jinchuan, China. First production was in June 2008. The concentrate produced in 2010 averaged 
8.39% nickel. The Munali Mine was on care-and-maintenance status from March to December 2009 until ramp-up problems were resolved and world 


nickel prices recovered. 
Includes “Russia, sulfide concentrate.” 
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51.20 


TABLE 11 
1,2 
NICKEL: WORLD PRODUCTION OF INTERMEDIATE PRODUCTS FOR EXPORT, BY COUNTRY 


(Metric tons of contained nickel) 


Country 2007 2008 2009 2010 2011“ 
Matte: 
x m E 


P 
Australia? 41,612 31,085 35,441 76,290 PAS | 
Botswana 22,844 28,940 29,616 29,000 ча i 
Brazil" 3,401 8,328 8,518 14,308 | a 
Canada? 73,922 76,908 68,972 70,127 73,7 
ina’ 1,980 3,240 — | = 
China ў , 5 
Indonesia® 77,928 73,356 68,228 77,186 ies 
_ Ме Caledonia ~~~ 14,842 13,564 13,902 13,917 pas 
Rus) SSS 670 600 240 206 | Saari 
_Zimbabwe® ~ 1,600 • 1,583 г 1,613 ' 3,131 ' it 
NEC gt ECCE E 239,000 238,000 227,000 284,000" 250, 
— 239,000 ^ 23800 ^ 227,000 284000, 250000 - 
Othe: —— — — 

Sulfide precipitate 30,553 ' 32,102 € 33,860 ' pecs je 
Ammoniacial liquor precipitate* 2,907 6 322 $ 300 3 т 
мы ON ЕТТ" т 32,424" 34,200" 34,500 ИЙ 
New Caledonia, nickel hydroxide cake =a - = 222 = e 

Grand total, other 33,500 32,400 34,200 ^ 34,700 


"Estimated. "Preliminary. ‘Revised. -- 


"Table includes data available through April 16, 2013. Data represent nickel content of matte and other intermediate materials produced. 
^World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. TERM 
?Nickel content of reported exports. Figures exclude toll-refined material. Total matte production on a contained nickel ee a 
tons, was as follows: 2007—46,600 (revised); 2008—31,100 (revised); 2009—27,500 (revised); 2010— 59,200 (revised); ап 

52,700 (estimated). Sources: Australian Bureau of Statistics; International Nickel Study Group. 

“Represents the output of the Fortaleza smelter. All of the Fortaleza matte is shipped to Finland for further processing. 

"Nickel content of reported exports. Matte from the smelter at Falconbridge typically assays 55% nickel. 

*Reported figure. р. ic tons 
"Chinese exports were estimated to have a nickel content of 63%. Total matte production on a contained nickel basis, in metri 
was estimated as follows: 2007—105,000; 2008 —1 14,000; 2009— 120,000; 2010— 125,000; and 2011— 145,000. | 
"Represents the nickel output of the Soroako smelter, The Soroako matte is shipped to Japan for further processing and contains on 
average 78% nickel. 

?Primarily exports to China. Sources: International Nickel Study Group; 
'0Zimplats material shipped to the Impala Refinery at Springs, 
' Corrected to remove coproduct cobalt. 

"Derived from both limonitic 


Zero. 


United Nations Statistics Division. 
South Africa. Sales volume in matte. 


laterite and saprolitic laterite ores. 
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TABLE 12 
NICKEL: WORLD PLANT PRODUCTION, BY COUNTRY AND PRODUCT"? 


(Metric tons of contained nickel) 


Country and product? 
Australia: 
Metal 
Unspecified“ 

Total 
Austria, ferronickel and ferronickel molybdenum* 
Brazil? 

Ferronickel 
Metal 

Total 
Canada, unspecified 
China:' 


Ferronickel and high nickel pig iron 


Metal 
Chemicals and unspecified" 
Тога!“ 
Colombia, ferronickel 
Cuba, oxide sinter and oxides®? 
Dominican Republic, ferronickel 
Finland: 
Metal 
Chemicals and unspecified 
Total 
France: 
Metal 
Chemicals 
Total! 
Greece, ferronickel 
India;" 
Ferronickel 
Ferronickel magnesium 
Nickel sulfate 
Total 
Indonesia, ferronickel 
Japan: 
Ferronickel 
Metal 
Oxide sinter 
Chemicals 
Total 
Korea, Republic of: 
Ferronickel 
Metal 
Total 
Kosovo, ferronickel® 
Macedonia, ferronickel 
Morocco, chemicals" 
New Caledonia, ferronickel 
Norway, metal 
Poland, chemicals 
Russia: 
Ferronickel 
High-nickel 
Other’? 
Metal 
Oxide sinter 
Chemicals* 
Total® 
See footnotes at end of table. 
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2007 2008 2009 2010 2011 
100,300 89,500 123,200 92,200 € 97,700 * 
14,200 19,400 8,000 9,390 ' 12,600 * 
114,500 108,900 131,200 101,590 ' 110,000 * 
900 800 700 600 600 
9,918 7,136 ' 9,427 8,465 21,700 ? 
21,635 18,530 16,598 19,111 19,150 Р 
31,553 25,666 ' 26,025 27,576 40,850 Р 
153,647 167,732 116,909 105,413 142,445 
84,500 70,900 100,000 150,000 160,000 
116,000 129,000 165,000 159,000 ' 185,000 
6,000 $ 8,000 8 8,000 8,500 8,500 
206,500 ? 207,900 ? 273,000 318,000 € 354,000 
49,314 41,636 51,802 49,443 37,817 
39,9118 34,478 8 32,800 34,000 34,000 
29,130 18,782 ae m 13,498 
49,758 36,181 41,848 43,900^* 43,300 ° 
5,206 6,855 5,000 5,260 ^* 5,220 • 
54,964 43,036 46,848 49,2005 48,500 ° 
11,200 11,400 12,000 8 10,800 11,700 
2,020 1,840 1,960 2,080 2,040 
13,200 13,200 14,000 12,900 13,700 
18,670 16,650 8,269 13,975 18,528 
(13) (13) (13) (13) (13) 
52 93 88 90 90 • 
(14) (14) (14) (14) (14) 
52 93 88 90 90 • 
18,532 17,566 12,550 18,688 19,690 
68,346 59,259 54,491 64,349 63,210 
30,402 34,861 29,351 40,228 41,290 
60,151 61,753 ' 58,808 ' 59,011 € 50,437 
2,270 2,333 1,669 2,497 2,383 
161,169 158,206 ' 144,319 € 166,085 ' 157,320 
-- 2,506 21,609 20,965 19,011 
(15) (15) (15) (15) (15) 
(15) 2,506 21,609 20,965 19,011 
800 5,600 16 6,360 16 7,000 15,700 
15,321 15,026 12,000 14,413 ' 17,292 
125 125 125 125 125 
44,954 37,467 38,230 39,802 40,015 
87,590 88,741 88,577 92,185 92,427 
475 475 400° 400° 400 
17,111 16,158 15,565 16,799 16,899 P 
4,690 4,905 5,125 5,330 5,360 * 
248,363 242,409 239,269 245,543 246,725 Р 
235 — -- -- -* 
3,100 2,900 2,700 2,700 2,700 
273,000 266,000 263,000 270,000 272,000 
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TABLE 12—Continued » 
NICKEL: WORLD PLANT PRODUCTION, BY COUNTRY AND PRODUCT” 


(Metric tons of contained nickel) 


Country and product? 2007 2008 2009 2010 2011 
— — — .—.. .... Countyand product  — 1 1 1 2000 20 1200 20 w— 2l _ 
South Africa: EN т, 
Сео Ка hishzmiekelo И 5.000 4,300 800 . 
TRA ахаа 39,800 32,300 36,500 35,700 * 36,000 
= icals® ? 6,610 4,450 4,850 4,790 m 
Wd 51,400 41,100 42,200 41,300 41, à 
коо (15) (15) (15) (15) ; ed 
Ukraine ferronickel”° 14,211 16,224 12,392 а «i 
United Kingdom metal! 34,064 40,800 ' 17,800 ' 31,650 AH 
Zimbabwe, metal:* | ч 
а в: 

Refined from domestic nickel оге 4,500 3,400 Ж; "mr ism 
-arol ренина Ran isaac а ыт Т = , , 

Toll refined from imported nickel feed? 9,500 10,300 ан т 
та 14,000 13,700 6,000 ТЫШЫ 
ао 24000 1,390000 1380000' 14400007 1560 

, 9 NE ЖЫЛЫ ~ 
ae оним. нннннннн с тнннни ин ъъ —_——.——_ 

Of which: | 5 

‚000 476, 
.. Ferronickel, including ferronickel magnesium, ferronickel ^ ^ 397,000 346,000 ' 360,000 435 
lybd and high nickel pig iron 2 
E —— ———  —n 753,000 737,000 ' 716,000 ' 774,000 814,000 
а Ее 


Oxide sinter 


r 00 
100,000 96,000 ' 92,000 00 |, 
г | А , 
Chemicals, including nickel sulfate 14,600 12,100 11,700 isonet ХАС 
Unspecified 179,000 202,000 138,000 : 
"Estimated. Preliminary. ‘Revised. — Zero. 


World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
?Table includes data available through April 16, 2013. 


А : { ion is inadequate to 
*In addition to the countries listed, North Korea is thought to have produced metallic nickel and (or) ferronickel, but information 15 inadeq 


- «регі ials has been excluded 
make reliable estimates of output levels. Several countries produce nickel-containing matte, but output of nickel in such materials 
from this table to avoid double counting. Countries producing matte for export are listed in table 11. 


• • H Н = = fid matte, 
‘Class П products with a nickel content of less than 99%. Includes oxides and oxide sinter. Excludes intermediate nickel-cobalt sulfide 
regulus, and speiss for further refining. 6: 

. . . " ә 009— 16,76 9 
"Brazil produced nickel carbonate (an intermediate product for metal production), in metric tons: 2007—20,796; 2008—18,580; 2 


| р ; | д ММ) produced 
2010—30,161 (revised preliminary number); and 201 1—30,200 (estimated). Companhia Brasileira de Metalurgia e Mineração (CB )P 
nickel niobium for sale to the superalloys industry. 


| ; tent of nickel 

"Nickel contained in products of smelters and refineries in forms that are ready for use by consumers. Figures include the nickel conte 

oxide sinter exported to the Republic of Korea and Taiwan. More information can be found in footnote 15. d. Figures 

"Prelimi i i i i ijing Antaike Information Development Co. Lt . Figu 
Preliminary figures for ferronickel and chemicals were derived from data published by Beijing е tae d the International Nickel 
for electrolytic and other class I nickel are based on data provided by the China Nonferrous Metals Industry Association and the 


j : : d the Philippines. 
Study Group. In 2007-11, China also produced nickeliferous pig iron from lateritic ores imported from Indonesia, New Caledonia, an 
"Reported figure. 


Сура also produces nickel sulfide and ammo 
avoid double counting. More information c 
Most of the production is extracted from imported raw materials. 

"Reported by Eramet for Sandouville. Excludes secondary production from spent rechargeable batteries. 
"India’s fiscal year ending March 31 of that year stated. 

Vidarbha Nickel Pvt. Ltd. of Nagpur, Maharashtra State, has been 
available. The ferronickel typically contains 47% to 50% nickel. 


. . MA . r Ltd., 
In India, nickel sulfate was produced as a byproduct at the Ghatsila copper smelter in Jharkhand State. The facility, part of Hindustan Coppe 


: | ег 
15 capable of producing 390 tons (gross weight) per year of nickel sulfate, but no production figures have been reported since 2005. The copp 
anode slime typically contains 0.4% to 0.8% nickel in addition to 4% to 10% silver. | 


уске] metal production for the Rep ic of Korea: 
metallurgical-grade oxides and to include them would result in double counting. Metal estimates are as follows, in metric tons: Republic о | 
2007—27,675; 2008—28,653; 2009—20,900 (esti 

(estimated); 2008—11,000 (estimated); 20 


On February 17, 2008, the Kosovo Assemb 


А t included to 
niacal liquor precipitate, but because they are used as feed material elsewhere, they are not ! 
an be found in table 11. 


1 ta were 
producing ferronickel from spent nickel catalysts, but no production da 


ly declared independence from Serbia. 


: : ined 
е nickel sulfate was a byproduct of the concentrating, smelting, and refining of domestically min 
ay have b 


А . : : estic 
een derived from imported nickeliferous raw materials that were blended with the dom 

Copper concentrates. 

"Includes ferronickel chromium and Ni-resist cast iron. 
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TABLE 12—Continued 
NICKEL: WORLD PLANT PRODUCTION, BY COUNTRY AND PRODUCT? 


"Includes nickel sulfate plus exported metal in concentrate. 

Мау include nickel in remelt alloys derived from scrap. 

? Топпарез include nickel contents of chemicals. 

Data represent production from matte imported from Botswana and nickel sulfate imported from South Africa. 


TABLE 13 
NICKEL: NEW LATERITE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2016 


Е а ыы 
Estimated Annual * 


Projected Resource resources production capacity 
year of first Country grade (thousand (metric tons of 
production (state/province) Project and company! (% nickel) metric tons)? contained nickel) Nickel product 
2011 Brazil Onca-Puma? 1.73 110,000 53,000 Ferronickel. 
(Pará) Vale Nickel 1.76 59,000 
2011 New Caledonia Vale Nouvelle-Calédonie (formerly Сого)* 1.34 96,000 60,000 Nickel-cobalt hydroxide, 
(Southern) Vale Nickel, Société de Participation Miniére 2.01 24,000 initially. 
du Sud Calédonien S.A.S., and SUMIC 1.70 83,000 Nickel oxide, later. 


Netherlands Nickel В.У. (a joint venture 
of Sumitomo Metal Mining Co., Ltd. and 


Mitsui & Co., Ltd.) 
2011 Australia Ravensthorpe (restart) 0.73 120,000 39,000 Nickel-cobalt hydroxide. 
(Western Australia) First Quantum Minerals Ltd. 0.58 150,000 
0.53 110,000 
2011 Burma Tagaung Taung? 2.02 40,000 22,000 Ferronickel. 
(Thabeikkyin, China Nonferrous Metals Mining Group Co., i 
Mandalay) Ltd. (CNMC), Government of Burma, and 
Taiyuan Iron and Steel (Group) Co., Ltd. 
(TISCO) 
2012 Madagascar Ambatovy (Ambatovy and Analamay deposits) 1.05 84,000 7 60,000 Nickel metal powder 
(Moramanga) Sherritt International Corp. (40%), Korea 0.84 22,000 and briquettes. 
Resources Corp. (27.5%), Sumitomo Corp. 1.08 29,000 
(27.5%), and SNC-Lavalin Inc. (5%) 
2012 Papua New Guinea Ramu 0.93 42,000 31,000 Nickel-cobalt hydroxide. 
(Madang) Metallurgical Group Corp. of China Ltd. 1.07 30,000 
consortium (85%), Highlands Pacific Ltd. 1.04 71,000 
(8.56%), and Mineral Resources Development 
Co. (6.44%) 
2012 Philippines Adlay-Cagdianao-Tandawa 1.61 5,800 20,000 Direct shipping ore. 
(Surigao del Norte Surigao Integrated Resources Corp. (assignment 1.58 13,000 
and Surigao del Sur) from CTP Construction and Mining Corp.) 
and Shenzhou Mining Group Corp. 
2012 Philippines Acoje and Zambales—Stage 1 0.96 16,000 3 24,000 Do. 
(Zambales) David M. Consunji, Inc. (DMCI) Holdings, Inc., 0.93 22,000 ? 
ENK PLC (formerly European Nickel PLC), 1.22 18,000 !! 
and Montemina Resource Corp. (MRC)" 1.08 4,800 !! 
1.18 24,000 P 
2013 New Caledonia Koniambo (saprolite ores)/North Plant 2.54 21,000 60,000 Ferronickel. 
(Northern) Société Miniére du Sud Pacifique S.A. (51%) 2.45 54,000 
and Xstrata Nickel (4996) 2.50 83,000 
2013 Philippines Taganito mine and hydrometallurgical 1.14 83,000 14 30,000 Nickel-cobalt sulfide. 
(Surigao del Norte processing plant 0.95 360 ^ 
and Surigao del Sur) Mine ownership—Nickel Asia Corp. (65%), 
Pacific Metals Co., Ltd. (33.596), and Sojitsu 
Kabushiki-gaisha (SOJITZ) Corporation (1.596) 
Hydrometallurgical processing plant ownership— 
Sumitomo Metal Mining Co., Ltd. (62.5%), 
Nickel Asia Corp. (22.596), and Mitsui & Co., 
Ltd. (1596) 
2014 Australia Barnes Hill, Mount Vulcan, and Scott's Hill 1.01 2,500 4,000 Cathode. 
(Tasmania) Proto Resources & Investments Ltd. and 0.93 300 


Metals Finance Ltd. 


See footnotes at end of table. 
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TABLE 13—Continued 
NICKEL: NEW LATERITE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2016 


Estimated Annual 
Projected Resource resources production capacity 
year of first Country grade = (thousand (metric tons of | 
Production — (state/province) Родео and company'  (% nickel) metric tons)? contained nickel) __Nickel product _ 
2014 Philippines Romblon (Sibuyan Island)—Bato, Binaya-an, 1.56 7,300 9,000 Direct shipping ore. 
(Romblon) and Taclobo 
Pelican Resources Ltd. 
2015 Australia Marlborough (Coorumburra, Slopeaway, and 0.99 12,000 63,000 Metal. 
(Queensland) Whereat)'°—Stage 1 0.91 43,000 
Gladstone Pacific Nickel Ltd. 0.70 70,000 
2015 Australia NORNICO-Greenvale (Bell Creek, Greenvale, 0.96 14,000 10,000 Metal. 
(Queensland) Kokomo, Lucknow, and Minnamoolka 0.77 29,000 
deposits) 0.70 6,000 
Metallica Minerals Ltd. ; 
2015 Cuba Las Camariocas-Yamaguey 132 110,000 21,000 Ferronickel. 
olguin uality Cuba S.A. (Ferroniquel S.A. — PR M—: 
2015 TE | Маса A 2.00 6,500 "7 12,000 Nickel pig iron. 
(Southeast Sulawesi, PT Antam (Persero) Tbk 1.49 48,000 18 
North Konawe 
regency) 
2015 Do. North Konawe 1.50 100,000 20,000 Ferronickel. 
Jilin Horoc Non-Ferrous Metal Group Co., Ltd., 
PT Billy Indonesia, and Government of 
Southeast Sulawesi 
2016 Australia Lucky Break (Circular Laterite and Dingo Dam) 0.82 590,000 730 Nickel carbonate. 
(Queensland) Metallica Minerals Ltd. (5096) and Metals 0.82 48,000 Cathode, later. 
Finance Ltd. (5096) 0.75 490,000 Pali sulfide 
2016 Australia Mt. Thirsty (north-northwest of Norseman) 0.60 17,000 9,000 Nickel-coba 
(Western Australia) Barra Resources Ltd. (50%) and Fission Energy 0.51 15,000 
Ltd. (5096) 
2016 Do. NiWest (Eucalyptus, Hepi, Mt. Kilkenny, and 1.04 34,000 30,000 Ро. 
Wanbanna) 0.99 22,000 
GME Resources Ltd. 0.96 19,000 : 
2016 Australia Wingellina 1.00 69,000 40,000 Nickel-cobalt hydroxide 
(junction of the Metals X Ltd. 0.97 99,000 
Western Australian, 0.97 16,000 
South Australian, 
and Northern 
Territory borders) Иве. 
2016 Cameroon Mada and Nkamouna 0.68 60,000 19 3,200 Cobalt-nicke 
(East Province) Geovic Cameroon PLC. (60%) and National 0.67 21,000 !? 
Investment Corp. (40%) 0.19 20,000 !? 
0.59 40,000 2° 
0.58 180,000 > 
06 Мек Сасан ^ мезоны a эр "EO о 
(Nakety-Bogota) ^ Société Gestion—Exploitation des Mines de 1.50 140,000 23 
Nickel (GEMINI S.A.), Société Miniére 
Georges Montagnat S.A., and Société des 
Mines de la Tontouta (Ballande Grou * nni 
2016 Philippines Agata (includes Bokcbolo Кавале = 1.00 250 > 7,500 Phase I, direct РР 
(Agusan del Norte) Agata South) 1.16 540 !! ore. 
Mindoro Resources Ltd. 0.95 13,000 ? 
1.18 29,000 !! 
9 
| 1 zi 14,000 Phase 2, nickel-cobalt 
| hydroxide. 
2016 Philippines ^ ^ Mindoro l/Sablayan (Buraboy, Kisluyan, and 0.85 17,000 53,000 Metal. 
(Mindoro Oriental) — Shabo areas) 0.86 210,000 
Aglubang Mining Corp. (local partner) and 0.77 91,000 


Intex Resources ASA 
See footnotes at end of table. 
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TABLE 13—Continued 
NICKEL: NEW LATERITE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2016 


ааа 0 тла, сылу ы 
Estimated Annual 


Projected Resource resources production capacity 
year of first Country grade (thousand (metric tons of 
production (state/province) Project and company! (% nickel) metric tons) contained nickel) Nickel product 
2016 Philippines Acoje and Zambales—Stage 2 1.12 30,800 24 24,000 Nickel-cobalt hydroxide. 
(Zambales) David М. Consunji, Inc. (DMCI) Holdings, Inc., 
ENK PLC (formerly European Nickel PLC),!° 
and Montemina Resource Corp. C 
2016 Tanzania Dutwa (Ngasamo Hill and Wamangola) 0.92 110,000 ?5 27,000 Nickel-cobalt hydroxide 
(Northern/Lake African Eagle Resources plc 0.93 100,000 26 or sulfide. 
Victoria) 0.81 5,400 27 
2016 Turkey Caldag 1.13 33,000 21,000 Nickel-cobalt hydroxide. 
(Manisa) Caldag Nikel Madencilik San. ve Tic. A.S., a 


subsidiary of OreMine Madencilik (OreMine 


Resources) San. ve Tic. A.S. 
Do. Ditto. 


‘Company names reflect organizational structure as of April 16, 2013. BHP Billiton Group is a dual listed company comprising BHP 
Billiton Ltd. and BHP Billiton Plc. Vale Nickel is a wholly owned subsidiary of Vale S.A. (formerly Companhia Vale do Rio Doce). 
^Gross weight, dry. "Estimated resources" are rounded to no more than two significant digits and represent measured, indicated, and 
(or) inferred resources depending on the project. When two or more data sets are listed, the first resource data represent measured 
resources; the second, indicated resources; and the third, inferred resources, unless otherwise specified. 

ЗОп March 4, 2011, Vale S.A. produced the first metal from line 1 of its two ferronickel production lines. Line 2 was scheduled to 

start production in the second half of 2011. The first shipment of 1,078 metric tons of ferronickel containing 385 metric tons of nickel, was 
made on May 11 from the Port of Itaqui. 

*Vale Nouvelle-Calédonie began producing intermediate nickel hydroxide cake in mid-2011 for export to Australia. 

‘The Ravensthorpe nickel mine achieved commercial production on December 28, 2011. Total production for 2011 was 5,666 metric 

tons of contained nickel in mixed hydroxide precipitate. 

The new Tagaung Tang Mine is a joint project of the China Nonferrous Metal Mining Group (CNMC), Taiyuan Iron & Steel, and the 
Government of Burma. The joint venture officially began recovering laterite ore on March 27, 2011. 

"Data represent mineral resources of only the Ambatovy deposits. Significant additional resources are associated with the Analamay 
deposits, northeast of the Ambatovy mine area. 

*The Chinese consortium is owned by Metallurgical Corporation of China Ltd. (61%), Jinchuan Group Ltd. (13%), Jilin Jien Nickel 
Industry Co., Ltd. (13%), and Jiuquan Iron & Steel Group Со., Ltd. (13%). 

?Limonite. 

On June 2010, European Nickel PLC and Rusina Mining NL merged to form ENK PLC. 

'Saprolite. 

?Montemina Resource Corp. (MRC) has a 60% interest in the Zambales (laterite) part of the project. 

?7Zambales—laterite. 

Dry metric tons of limonite. Figures exclude saprolite resources. 

PProto Resources & Investments Ltd. was also evaluating the Waite Kauri North laterite deposit near Leonora in Western Australia. 

léThe Marlborough ores would be supplemented with ores from the mines of Société des Mines de la Tontouta and Société Miniere 
Georges Montagnat in New Caledonia. 

"Probable resources of nickel in saprolite. 

5Measured, plus indicated, resources of nickel in limonite. 

P?Nkamouna deposit. 

Mada deposit—first datum is indicated resources; and second is inferred resources. 

21 Ore would be shipped to Queensland for blending with ores from the Marlborough project and subsequent processing. 


24 Acoje only. 

3 Dutwa (N gasamo Hill and Wamangola)—combined indicated and inferred resources. 
Dutwa (Ngasamo Hill and Wamangola)—total indicated resources. 

Dutwa (Ngasamo Hill and Wamangola)—total inferred resources. 


Sources: Company annual reports, presentations, and press releases; CRU International, Ltd. 
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ТАВГЕ 14 
NICKEL: NEW SULFIDE PROJECTS SCHEDULED FOR COMPLETION, ВУ YEAREND 2016 


Annual 
production 
Estimated capacity 
Projected Resource resources (metric tons 
year of first Country grade (thousand of contained | 
production (state/province) Project and company! (% nickel) ^ metric tons)? nickel) Nickel product 
2010 Australia Kambalda (North and South) [Burnett, 4.00 440 1,500 Concentrate. 
(Western Australia) ^ Cameron, Camilya Hill, Durkin, Gellatly, 3.80 2,500 
Mariners, McMahon/Ken, Miitel, Otter 3.50 980 
Juan, Redross, Stockwell, and Wannaway] 
Mincor Resources NL? 
2011 Do. Lanfranchi (Cruikshank, Deacon, Gigantus, 3.66 350 1,500 Рә. 
Helmut South, Helmut South ext., John, 3.75 400 
Lanfranchi, Martin, McComish, Schmitz, 2.14 330 
and Winner) 
Panoramic Resources Ltd. 
2011 Do. Spotted Quoll Underground—Stage I 4.10 1,700 10,000 Ро. 
Western Areas NL 
2011 Canada Bucko Lake [on temporary care-and- 1.45 3,700 5,000 Ро. 
(Manitoba) maintenance status between October 2010 1.52 2,800 
and April 2011 (restart)] 1.34 5,500 


CaNickel Mining Ltd. 
—  —  CmNikeMinngltd о 


51.26 


2012 Australia Cosmic Boy and Diggers“ 1.46 > 2,100 7,000 Do. 
(Western Australia) Westem Areas NL 2.40 6 380 
——————————————À 1.00 7 10,000 М 
2012 Оо. Sinclair (underground)! 3.88 100 5,500 Do. 
Xstrata Nickel Australasia 2.50 830 
2.10 710 
2012 Canada Raglan-Kikialik 3.10 1,800 24,000 Do. 
(Quebec) Xstrata Nickel 
2012 Finland Kevitsa 0.29 89,000 11,000 _ Do. 
(Lappi) First Quantum Minerals Ltd. 0.32 150,000 
0.29 35,000 entrate. 
2012 Finland Outokumpu Copper (Kylylahti mine and 0.17 620 450  Cobalt-nickel conc 
(Pohiois) Luikonlahti mill) 0.20 7,500 
Altona Mining Ltd.? 0.18 310 centrate. 
2013 Australia Radio Hill (conventional heap leaching) 0.61 19 2,000 7,400 Nickel-copper соп 
(Western Australia) Fox Resources Ltd. 0.42 10 2,000 
2013 Canada Fraser Morgan 1.94 4,400 6,000 Ore. 
(Ontario) Xstrata Nickel 1.81 2,400 
1.70 1,800 
EL ME c Не бан ee 
Liberty Mines Inc. [Jilin Jien Nickel Industry 
Co., Ltd. (60%)] и 
2013 Do. Totten (plus new Clarabelle mill addition) 1.33 8,400 8,200 Ро. 
Vale Nickel 
(Quebec) Ivakkak, Mequillon, Mesamax, Puimajuq 0.93 21,000 
and TK deposits] 0.73 5,200 
Jilin Jien Nickel Industry Co., Ltd.!! B 
© 2013 Сша Tengen и 
(Xinjiang Xinjiang Hami Hexin Mining Ltd. 
Autonomous 
region/East 
Tianshan) 
2032 Uis Bagh сыиы оо. 
Hu Canada ео Minerals Co. Rio Tinto Group) — 316 О 
erly Maskwa) 0.54 9,900 3,700 Do. 
(Manitoba) | 


Mustang Minerals Corp." 
See footnotes at end of table. 
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TABLE 14—Continued 
NICKEL: NEW SULFIDE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2016 


Ds MCI ызы э ———»———-— HR 
Annual 


production 
Estimated capacity 
Projected Resource resources (metric tons 
year of first Country grade (thousand of contained 
production (state/province) Project and company! (% nickel) metric tons) nickel) Nickel product 
— 204 Canada Мишо о а 
(Manitoba) Victory Nickel Inc. 0.51 43,000 
0.53 15,000 
| 2014 саз Ни 040 220 ^ 3990 Be — —— 
(Ontario) Liberty Mines Inc. [Jilin Jien Nickel 1.26 320 
Industry Co., Ltd. (60%)] 
_ 2014 Canada Copper Cliff Deep —— NA 130900 мА De ^ — — —— 
(Sudbury) Vale Nickel 
2014 China Heishan 0.60 23,000 5,000 ро. 
(Gansu) Jinchuan Group Co., Ltd. 
2014 Finland Кићто (Arola, Hietaharju, Peura-aho, 0.55 13 6,000 3,000 Do. 
(Oulu) Sika-aho, and Vaara) 
Altona Mining Ltd.’ and Polar Mining О 
2014 United States NorthMet 0.08 580,000 7,100 Concentrate, initially. 
(Minnesota) PolyMet Mining Corp. and Glencore 0.08 230,000 Byproduct nickel-cobalt 
International AG hydroxide, later. 
2015 Australia Mt. Windarra 1.24 910 7,000 Concentrate. 
(Western Australia) Poseidon Nickel Ltd. 1.72 3,000 
2015 Do. New Morning/Daybreak 3.70 № 320 3,000 Ore. 
Western Areas NL 3.50 ^ 93 
0.90 15 1,100 
0.90 15 660 
2015 Сапада Onaping Depth 2.67 15,000 10,000 Рә. 
(Ontario) Xstrata Nickel 3.60 1,200 
2015 Russia Kun-Manie (Ikensoe, Maly Krumkon, and 0.61 3,700 16,000 Concentrate. 
(Amur) Vodorazdelny) 0.48 48,000 
Amur Minerals Corp. 0.54 17,000 
2015 Tanzania Kabanga 2.49 14,000 40,000 Do. 
(Kagera region) Barrick Gold Corp. (50%) and Xstrata Nickel 2.72 23,000 
(50%) 2.60 21,000 
2015 Tanzania Nachingwea Regional Exploration Project, 1.21 13,000 25,000 Do. 
(Nachingwea including Ntaka Hill Nickel Sulphide 1.71 28,000 
region) Project 
Continental Nickel Ltd. (75%) and IMX 1.14 130,000 
Resources Ltd. (25%) 0.30 140,000 
2015 Vietnam Ban Phuc 2.68 14 1,700 6,400 ро. 
(Son La) Asian Mineral Resources Ltd. and Son La 1.94 4 170 
Mechanical Engineering JSC 0.59 12 13,000 
0.56 !5 7,400 
2016 Australia Sherlock Bay 0.38 9,600 8,500  Bioleachate precipitate. 
(Western Australia) Australasian Resources Ltd. 0.39 9,400 
0.44 6,400 
2016 Do. Sholl (A1, B1, B2) [bacterial heap leaching] 0.47 "7 1,300 3,000  Nickel-cobalt-copper 
Fox Resources Ltd. and Jinchuan Group Ltd. 0.43 !5 1,900 sulfide precipitate. 
0.59 !? 2,300 
0.51 1? 3,500 
2016 Botswana Dikoloti 0.70 4,100 2,000 Nickel-cobalt sulfide. 
(Selebi-Phikwe Discovery Metals Ltd. and Japan Oil, Gas 
region) and Metals National Corp. 
2016 Canada Turnagain 0.18 59,000 24,000 Concentrate. 
(British Columbia) Hard Creek Nickel Corp. 0.16 430,000 
0.15 560,000 


See footnotes at end of table. 
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TABLE 14—Continued — 
NICKEL: NEW SULFIDE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 


Annual 
a -—"" 


production 
Estimated capacity 
j Resource resources (metric tons 
ren TR grade (thousand of contained ЕА 
ear of f | i : | " 
diuo (state/province) Project and company! (% nickel) ^ metric tons) RM т = 
2016 Canada Eagle’s Nest-McFaulds Lake 2.08 5,400 
(Ontario) Noront Resources Ltd. and Baosteel 1.50 5,600 
Resources International Co., Ltd. 1.10 00 но. 
2016 Сапада Kenbridge (open pit) 0.42 45,00 , 
| Canadian Arrow Mines Ltd. 
2016 p Victoria 1.23 480,000 : NA Ore. 
KGHM Polska Miedz S.A. (KGHM 1.37 400,000 
22 | 
2016 Сапада ыо = 0.29 360,000 49,000  Ferronickel. 
(Quebec) Royal Nickel Corp. 0.27 1,100,000 
0.26 510,000 == 
n | 
2016 Do. Raglan-Qakimajung 4.52 2,500 11,000 Conce 
Xstrata Nickel 
10,000 Do. 
2016 Canada Wellgreen 0.38 рр» 
(Yukon Territory) Prophecy Platinum Corp. (formerly Pacific 0.69 14, 
Coast Nickel Corp.) 
NA Metal. 
2016 Russia Vuruchuaivench 0.23 17,500 
(Kola Peninsula) ММС Norilsk Nickel-Kola MMC i 
2016 Russia Maslovsky 0.33 220,000 18, 
(Taimyr Peninsula) MMC Norilsk Nickel-Polar Division Ine 
2016 South Africa Sheba's Ridge 0.20 00 24, 
(Mpumalanga and Aquarius Platinum Ltd. (39%), Anglo 0.18 97,00 
Limpopo) Platinum Ltd. (35%), and Industrial 0.19 430,000 
Development Corp. of South Africa (26%) duct nickel-cobalt 
2016 United States Nokomis/Maturi Extension 0.2077 550,000 19,000 shia ме 
(Minnesota) Birch Lake, Maturi, Spruce Road 0.21 б 270,000 
Twin Metals Minnesota LLC” [Duluth 0.17 180,000 
Metals Ltd. (60%) and Antofagasta PLC 0.16 40,000 
(4076)] 0.25 26 120,000 


0.21 2? 120,000 
Do. Ditto. NA Not available. 


is d 
, F ising BHP Billiton Ltd. an 
‘Company names reflect organizational structure as of April 16, 2013. BHP Billiton Group is a dual listed company comprising 
BHP Billiton Plc. Vale Nickel is a wholly owned subsidiary of Vale S.A. indicated, and (or) inferred 
"Gross weight, dry. “Estimated resources” are rounded to no more than two Significant digits and represent measured, indicated, 


indicated 
< | | ces; the second, | 
resources depending on the project. When two or more data sets are listed, the first resource data represent measured resources; 

resources; and the third, inferred resources, unless otherwise specified. 


А А financial crisis. 
*Mincor Resources NL restarted several mines and development Projects in mid-2010 after an 18-month hiatus during the global fin 

“Includes Diggers Rocks, Diggers South, Purple Haze, and Seagull resources, 

3 Diggers areas—probable ore reserves. 


Cosmic Boy area— indicated resources. 

Diggers areas—indicated resources. 

The Sinclair deposit remains open at depth. 

Altona Mining Ltd. was created wh i 

Radio Hill deposit—indicated and inferred resources. 


2012, the 
"Оп March 22, 2012, Jilin Jien Nickel Industry Co., Ltd. purchased 95.62% of the outstanding shares of Goldbrook Ventures Inc. In May 


"the 
094 control of 
company acquired the remaining shares (4.38%) of Goldbrook Ventures Inc. This acquisition gave Jilin Jien Nickel Industry Co., Ltd. 100% 

Nunavik project, 


"Mustang Minerals Corp. was als 
PKuhmo project area—total indi 
"Massive sulfides. 
Disseminated sulfides. 


léContinental Resources Ltd. and IMX 


| Resources are in the Process of merging to simplify development of the Ntaka Hill Nickel Project. 
"Sholl B2 deposit—indicated and inferred resources, 


9 
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TABLE 14—Continued 
NICKEL: NEW SULFIDE PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2016 


ISSholl Al deposit—inferred resources. 

?Sholl ВІ deposit—inferred resources. 
ictoria project area—indicated resources. 

*IVictoria project area—inferred resources. 


22 GHM Polska Miedź S.A. (KGHM International) acquired Quadra FNX Mining Ltd. on February 20, 2012, and took over management of the Victoria 


project on March 5, 2012. 
ЗМокопиз deposit—indicated and inferred resources. 


241 March 2011, Twin Metals Minnesota LLC (TMM) acquired Franconia Minerals Corp., doubling the project's mineral and land assets. 


Birch Lake deposit—indicated and inferred resources. 
"6Maturi deposit resource. 
?'Spruce Road open pit resource. 


Sources: Australian Mines Atlas 2011; Canadian Minerals Yearbook 2010; company annual reports, presentations, and press releases; CRU 


International, Ltd., and the International Nickel Study Group. 
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NIOBIUM (COLUMBIUM) AND TANTALUM 
By John F. Papp 


Domestic survey data and tables were prepared by Robin C. Kaiser, statistical assistant, and the world production table was 
prepared by Lisa D. Miller, international data coordinator. 


In 2011, U.S. niobium apparent consumption (measured in 
contained niobium) was 9,160 metric tons (t), 12% more than 
that of 2010; U.S. tantalum apparent consumption (measured 
in contained tantalum) was 1,210 t, 4% more than that of 2010. 
No domestic mine production of niobium or tantalum ore was 
reported. 


Legislation and Government Programs 


The Defense Logistics Agency, Strategic Materials (DLA) 
did not dispose of niobium or tantalum materials under its fiscal 
year 2011 Annual Materials Plan (AMP). The DLA did not sell 
niobium or tantalum materials in calendar year 2011. The DLA’s 
fiscal year 2012 AMP set maximum disposal goals for niobium 
and tantalum materials at zero (Defense Logistics Agency, 
Strategic Materials, 2011). 


Production 


The major marketable niobium materials are ferroniobium and 
niobium metal, ore, and oxide. The major marketable tantalum 
materials are tantalum metal (unwrought and wrought alloys, 
metal, and powder), ore, and scrap. In 2011, neither niobium nor 
tantalum domestic mine production was reported. The Kougarok 
prospect, on the Seward Peninsula in Alaska, hosts significant 
tantalum resources in a lithium-fluorine granite (Hudson, 1998, 
p. 151-153; Navigator Exploration Corp., 2003, p. 2). 

Global Advance Metals Pty. Ltd. purchased Cabot Corp.’s 
Supermetals business, which comprised tantalum manufacturing 
facilities in Pennsylvania and Japan (Cabot Corp., 2012, p. 4). 
Cabot retained Tantalum Mining Corp. of Canada (Cabot Corp., 
201 1a). 

Quantum Rare Earth Developments Corp. (2012, p. 4, 

85) reported niobium resources for its Elk Creek deposit in 
Nebraska (about 40°16’ М, 96°11’ W). Quantum estimated, at a 
cutoff grade of 0.4% niobium pentoxide (Nb,O,), an indicated 
resource of 19.3 million metric tons (Mt) at 0.67% Nb,O, 
(129,000 t of Nb,O,), and an inferred resource of 83.3 Mt at 
0.63% Nb,O,. 

Rare Earth Industries (2011) explored for tantalum at two sites 
in Colorado— Turret District in Chaffee County and Phantom 
Pegmatites in Freemont County. Turret Mines produced 
tantalum in 1952; beryl was produced in the Phantom area. 
Tantalum and niobium were described as "interesting but almost 
valueless materials" in 1961 (Hanley and others, 1950, р. 23-27, 
41; Eckel, 1961, p. 11, 111-12, 318—19; Meeves and others, 
1966, p. 7—9, 26). Texas Rare Earth Resources Corp. explored 
for niobium and tantalum in streambed samples around Round 
Top Mountain, Hudspeth County, Texas (Texas Rare Earth 
Resources Corp., 2011). 
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Consumption 


Domestic data for niobium and tantalum materials were 
developed by the U.S. Geological Survey by means of the 
*Columbium (Niobium) and Tantalum,” “Consolidated 
Consumers,” and “Specialty Ferroalloys” surveys. For 
niobium and tantalum materials, there was 1 respondent to 
the “Columbium (Niobium) and Tantalum” canvass, about 
70 respondents to “Consolidated Consumers” canvass, and 1 
respondent to the “Specialty Ferroalloys” canvass. The steel 
industry accounted for 75% of niobium and tantalum reported 
consumption; the superalloy industry, 25%. 

Schwela (2011) reported world niobium and tantalum 
consumption by material. Tantalum consumption, based on 
tantalum processors’ shipments, was capacitor-grade tantalum 
powder (24%); metallurgical-grade powder, unwrought 
metal, scrap, and other (17%); mill products of tantalum 
(22%); tantalum carbide (7%); tantalum chemicals (18%); 
and tantalum ingot (12%). Niobium consumption, based on 
niobium processors’ shipments, was niobium alloys (2.5%); 
niobium chemicals (5.2%); niobium metal (0.9%); steel-grade 
ferroniobium (87%); and vacuum-grade niobium (2.7%). 
Niobium masteralloys—ferroniobium and niobium-nickel 
alloy—were consumed to produce steel and superalloys. About 
75% of world niobium consumption was for the production 
of microalloyed steel (Companhia Brasileira de Metalurgia e 
Mineração, undated с). 


Prices 


Tantalite ore annual average price per pound of contained 
tantalum pentoxide (Ta,O,) was $124.896. 


Foreign Trade 


The values of foreign trade of these niobium and tantalum 
materials (ferroniobium and niobium chemicals, metal, ore, 
and oxide, and tantalum metal and ore) were $181 million for 
exports (48% greater than that of 2010) and $643 million for 
imports (28% greater than that of 2010). The United States 
exported 363 t of niobium contained in niobium materials (29% 
greater than that of 2010) and imported 9,520 t of niobium 
contained in niobium materials (12% greater than that of 
2010) (table 1). The United States exported 648 t of tantalum 
contained in tantalum materials (48% greater than that of 
2010) and imported 1,860 t of tantalum contained in tantalum 
materials (16% greater than that of 2010) (table 2). 
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World Industry Structure 


Brazil and Canada were the leading producers of niobium 
mineral concentrates; Brazil and Mozambique were the leading 
producers of tantalum mineral concentrates. Tantalum-bearing 
tin slags, which are byproducts from tin smelting, principally 
from Asia, Australia, and Brazil, are another source of tantalum. 
The leading niobium ore and concentrate producers were 
Companhia Brasileira de Metalurgia e Mineracáo (CBMM) in 
Brazil and IAMGOLD Corp. (Niobec Mine) in Canada. The 
leading tantalum ore and concentrate producers were Metalurg 
Group (Мга Mine) and Mineração Тађоса S/A (Pitinga Mine) 
in Brazil and Noventa Ltd. (Morropino Mine) in Mozambique. 

Based on a survey of its members, the Tantalum-Niobium 
International Study Center (TIC) reported annual niobium and 
tantalum raw material production (raw material production by 
members plus producer and trader receipts of raw materials from 
nonmembers) to have been [in metric tons of contained tantalum 
(Ta)]: 2007, 1,100 t of Ta; 2008, 1,200 t of Ta; 2009, 490 t of Ta; 
and 2010, 720 t of Ta; and [in metric tons of contained niobium 
(Nb)]: 2007, 70,000 t of Nb; 2008, 68,000 t of Nb; 2009, 

41,000 t of Nb; and 2010, 58,000 t of Nb (Tantalum-Niobium 
International Study Center, 2012, p. 6, 10). 


Niobium 


Niobium is a transition metal with physical and chemical 
properties very similar to those of tantalum. The crustal 
abundance of niobium is 8 grams per ton (g/t) (0.000894). 
Niobium does not occur naturally as a free metal; however, 
niobium occurs in a range of oxide mineral species that are 
economically important, including columbite (78.72% Nb,O,), 
euxenite (47.43% Nb,O,), lueshite (81.09% Nb,O,), and 
pyrochlore (75.12% Nb,O,). Niobium ore grade at deposits 
mined in 2011 ranged from 0.59% Nb,O, in Canada to 3% 
Nb,O, in Brazil, Congo (Kinshasa), and Russia. Niobium ore 
was beneficiated to concentrate containing about 54% МБ,О.. 
Nb,O, was produced from the concentrate; ferroniobium Or 
niobium metal, from the Nb,O,. Ferroniobium, the leading 
commercial niobium-containing material, was typically about 
6094 niobium, and was consumed in the production of HSLA 
steel. Other uses included the production of niobium carbide 
and chemicals. Brazil has been the leading niobium producer; 
Canada, the second-ranked producer (British Geological Survey, 


2011a, p. 1, 3, 10-12). 


Tantalum 


Tantalum is a transition metal with physical and chemical 
properties very similar to those of niobium. The crustal 
abundance of tantalum is 0.7 g/t (0.00007%). Tantalum does 
not occur naturally as a free metal ; however, tantalum occurs 
in a range of oxide mineral species that are economically | 
important, including ixiolite (68.96% Ta,O,), mero Ii (83.53% 
Ta.O.), tantalite (86.17% Ta,O,), tapiolite (83.96% Та,О,), 
алй wodginite (69.58% Ta,0,). In 2011, tantalum ore grade 
at deposits mined was less than 0.05% Та,О, in Australia, 
Brazil, Canada, Ethiopia, and Mozambique. Tantalum ore 

beneficiated to concentrate containing about 30% Та,О,. 
ane tantalum fluoride (K;TaF,) was produced from 
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the concentrate; tantalum metal, from the K,TaF,. Tantalum 
metal was the leading commercial tantalum material and was 
consumed in the production of tantalum capacitors. Other 
uses included the production of tantalum chemicals and metal. 
Australia has been the leading tantalum producer (British 
Geological Survey, 201 1a, р. 1, 3, 10-12). 


World Review 


Burt (2012, р. 13—14) reported that the ITRI Tin Supply Chan 
Initiative (iTSCi) was implemented in Rwanda and Katanga 
Province of Congo (Kinshasa) in 2011. Eleven tantalum 
smelters were designated conflict of free smelters. The supply 
chain initiative was similar to the sustainability methodology з 
successfully implemented framework to improve worker health 
and safety conditions through business contracts with leading 
international companies in countries that lack governance and 
were part of the global supply chain (Fair Labor Association, 
2012). 

European Union.—The European Union (EU) found niobium 
to be one of 14 metals necessary for implementing six low- 
carbon energy technologies [bioenergy, carbon capture and 
storage (CCS), electricity grids, nuclear, solar, and wind] in 
Europe between 2020 and 2030. The metals were characterized 
by rapid demand growth and geographical concentration of 
supply, in addition to being necessary for the six technologies. 
Moss and others (2011, p. 5, 15, 37, 95, 136-139) summarized 
the risk niobium supply-chain bottleneck as medium, with 
market factors of high likelihood of rapid demand growth and 
low limitation to expanding production capacity, and politica 
factors as high concentration of supply and medium political 
risk. Niobium was found to be important to capture and storage 
of carbon and nuclear technologies. For carbon capture and 
storage the major use would be in pipelines; for nuclear, 
stainless steels, and superalloys. 

Australia.—Australia reported that, as of December 3 1, 2010, 
Joint Ore Reserves Committee (JORC)-compliant proven and 
probable ore reserves (as stated in company annual reports ай 
reports to the Australian Stock Exchange) were not available for 
niobium and were 19,000 t of Ta for tantalum, and accessible 
economic demonstrated resources were 134,000 t of Nb for | 
niobium and 53,000 t of Та for tantalum (Geoscience Australia, 
2011, p. 5—6). | 

Global Advanced Metals (GAM) reopened the Wodgina 
Mine and Greenbushes Mine processing plant, which had been 
on care-and-maintenance status since December 2008. D 
produced tantalum ore at Wodgina Mine, which it pose 
along with tantalum ore from Mt. Cattlin into concentrate Si | 
Greenbushes. Wodgina’s production capacity of Ta,O, ea - 
in concentrate was 640 metric tons per year (t/yr) of as 
half was committed for contracts (Global Advanced Metals, 
2011). 

Galaxy Resources Limited produced 46 
concentrate grading 3.3% Ta,O, at Mount 
Australia State, of which it shipped 234 tt 
Mine processing plant. Galaxy planned to 
of tantalum in concentrate. Galaxy reporte 
probable reserves of 10.737 Mt containing 146 
and resources of 17.155 Mt containing 155 g/t 
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cutoff grade of 0.4% lithium oxide (Li,O) as of 2011 (Galaxy 
Resources Limited, 2012, p. 2, 15-16). 

Alkane Resources Ltd. (2012, p. 3—5) conducted a feasibility 
study for the production of 1,200 t/yr МБ,О, and worked on 
a study to increase production to 3,000 t/yr Nb,O,. Alkane 
reported 35.9 Mt of proved plus probable reserves at 0.46% 
Nb,O, and 0.03% Ta,O, as of November 2011 and 73.3 Mt 
of measured plus inferred resources at the same grade as of 
December 201 lat its Dubbo Zirconia Project, Toongi deposit, 
New South Wales. 

Altura Minerals Ltd. (2011, p. 17) (formerly Australian 
Tantalum Pty. Ltd.) reported tantalum at its Finniss Range 
(Northern Territory) and Smithfield (Western Australia) projects 
based on rock chip sampling. 

Artemis Resources Ltd. (2011, p. 9) was granted 
exploration permits for an additional 93 square kilometers 
(km?) at Buchanan’s Creek/Grant’s Gully tenements south of 
Georgetown, Queensland. Capital Mining Ltd. (2011, p. 15—16) 
reported 55 Mt of inferred resources grading 80 g/t Nb,O, at 
Narraburra prospect about 12 kilometers (km) northeast of 
Temora, New South Wales. | 

Lithex Resources Ltd. (2012) reported 1.9 Mt of inferred 
resources containing 20 g/t tantalum in tin mine tailings 
stockpiles at its Moolyella project. The project includes tailings 
from tin mining from 1898 to 1986. 

Brazil.—The National Department of Mineral Production 
(DNPM) reported that CBMM and Anglo American Brazil 
produced niobium, and Mineração Taboca produced tantalum. 
Pereira (2011) reported Brazilian niobium mine production of 

165,723 t of Nb,O, from reserves of 4,499,106 t of Nb,O, in 
2009, from which Brazil produced 88,920 t of Nb,O, contained 
in concentrate, 34,746 t of Nb contained in ferroniobium, and 
2,333 t of Nb,O,. Pontes (2011) reported Brazilian tantalum 
mine production of 218 t of Ta,O, contained in concentrate from 
reserves of 87,782 t of Ta,O, in 2009. 

Anglo American Brazil Ltd. (a subsidiary of Anglo American 
plc) mined pyrochlore from a carbonatite deposit. Cataláo Mine 
(47°48° W, 18°08’ S) is comprised of three open pit mines and a 
processing facility. Anglo reported that Cataláo produced 3,900 t 
of niobium contained in ore in 2011 compared with 4,000 t in 
2010. Anglo mined 867,000 t of ore and processed 903,000 t 
of ore with a niobium content of 8.1 kilograms per ton (kg/t). 
JORC-compliant proved and probable reserves in 2011 were 
4.3 Mt at 1.03% Nb,O, containing 31,000 t of niobium and 
measured plus indicated resources of 2.8 Mt at 1.22% Nb,O, 
containing 23,900 Mt of niobium (Anglo American plc, 2012, 
p. 19, 86, 198, 204). In addition, Anglo reported measured 
plus indicated resources of 33.2 Mt at 1.24% Nb,O, containing 
288,000 t of niobium at its Fresh Rock project where it planned 
to start production in 2013, which would bring its production 
capacity to 6,500 t/yr of niobium from the current 3,800 t/yr. 

CBMM mined niobium ore from the Barreiro carbonatite 
complex (19°40’ S, 46°56’ W) and beneficiated the ore at the 
mine site by selectively extracting the pyrochlore minerals from 
which niobium oxide is produced. The deposit contained 440 Mt 
of ore reserves at an average grade of 2.5% to 3% Nb,O, 
that could be mined by open pit methods (Riffel, undated). 
CBMM produced ferroniobium, nickel-niobium, niobium 
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metal, niobium oxide, and high-purity ferroniobium, and had 
production capacities of 70,000 t/yr of ferroniobium, 3,000 t/yr 
of high-purity ferroniobium and nickel-niobium, and 210 t/yr 
of niobium metal (Companhia Brasileira de Metalurgia e 
Mineração, undated a, b). 

Companhia Industrial Fluminense Mineracao S.A. (CIF), 
owned by AMG Advanced Metallurgical Group N.V., produced 
niobium and tantalum concentrate at Volta Grande Mine 
(21° 05’ S, 44° 35’ W). CIF produced from an annual production 
capacity of 136 t of Ta, O, contained in concentrate and planned 
to increase production capacity to 227 t/yr of Ta,O, contained 
in concentrate. CIF reported NI 43—101 compliant 2008 ore 
reserves sufficient to support production of 136 t/yr of Ta,O, for 
30 years. Ore grade was 375 g/t Ta,O, (Schwela, 2010, p. 2-6; 
AMG Advanced Metallurgical Group N.V., 2012, p. 7, 21, 25, 
76; Companhia Industrial Fluminense Mineracao S.A., undated). 
CIF planned to increase production to 227 t/yr of concentrate in 
2013 (Resende, 2011). 

Мїпегасао Taboca S.A. mined columbite at the Pitinga Mine. 
Taboca produced a ferroniobiumtantalum alloy containing 
45.00% niobium, 4.20% tantalum, and 25.00% iron that was 
sold for the production of niobium and tantalum oxide 
(Mineração Taboca S.A., 2012a, b). 

Arqueana de Minérios e Metais Ltda. conducted small- 
scale artisanal mining of niobium and tantalum in the Itinga 
pegmatites, Minas Gerais (Kokomo Enterprises Inc., 2011). 

MBAC Fertilizer Corp. acquired the Araxá Project (about 
19°39’ S, 46°56’ W), a niobium, rare-earth oxide, and phosphate 
deposit in the Barreiro Cretaceous carbonatite. MBAC reported 
inferred minerals resource of 2.7 Mt with an average 1.41% 
Nb,O, grade (MBAC Fertilizer Corp., 2011, p. 7—8; 2012, p. 53; 
undated). 

Canada.— Canada reported niobium mine production of 
4,532 t of contained Nb in 2011 compared with 4,419 t of 
contained Nb in 2010. No production of tantalum was reported 
for 2010 or 2011. Niobium ore was mined in Quebec (Natural 
Resources Canada, 2012a, b). 

IAMGOLD (Toronto, Ontario) mined niobium contained 
in pyrochlore from the Saint-Honoré carbonatite deposit at 
the Niobec Mine (about 48°32’ М, 71°09’ W). Niobec mill 
production capacity was 4,500 t/yr of niobium. The mill 
produced concentrate from which Niobec produced Nb,O, that 
was then converted to standard grade (6696 niobium) 
ferroniobium by an aluminothermic reduction. In 2011, the 
Niobec Mine produced 4,632 t of niobium compared with 
4,343 t of niobium in 2010 (IAMGOLD Corp., 2012, p. 26). 

Tantalum Mining Corp. of Canada (Lac Du Bonnet, 
Manitoba) (Tanco) restarted tantalum production in May citing 
rising global demand for tantalum. Tanco suspended production 
in 2009 following the world financial crisis 
(Cabot Corp., 2011b). 

Avalon Rare Metals Inc. (Toronto, Ontario) prospected 
for niobium and tantalum at its Thor Lake property (about 
62°06°30” М, 112?35'30" W). Avalon updated а prefeasibility 
study and planned to complete a bankable feasibility study 
in 2012. The company reported probable reserves at the 
Nechalacho deposit at Thor Lake of 14.54 Mt at 3,800 g/t 
Nb,O, (0.38%) and 404 g/t Ta,O, (0.040496). Avalon planned 
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to produce 1,700 Џуг of Nb,O, and 100 t/yr of Ta,O, (Cox and 
others, 2011, р. 4-1, 15-1—15-7, 16-4; Avalon Rare Metals 
Inc., 2012, p. 2, 9). 

Commerce Resources Corp. (Vancouver, British Columbia) 
prospected for niobium and (or) tantalum at the Blue River 
(east of Quesnel, British Columbia), Eldor (south of Kuujjuaq, 
Quebec), and Carbo (northeast of Prince George, British 
Columbia) properties, which host carbonatite deposits. 
Commerce reported NI 43—101-compliant resources for the 
Blue River property (52°19’ М, 119°10° W), comprising Fir, 
Upper Fir, and Verity deposits. Commerce estimated indicated 
resources of 36.35 Mt containing 7,090 t of Ta „O, and 61,650 t 
of Nb,O, (Commerce Resources Corp., 2012, p. 2-3). 

Critical Elements Corp. (Montreal, Quebec) explored the 
Rose property (52°01’02”N, 76?09'34"W) in the James Bay 
area of Quebec. Critical Elements reported 37.2 Mt of indicated 
plus inferred resource at 158 g/t Ta,O, (Critical Elements Согр., 
2011, p. 1-3, 4-1—4-4, 14-14). 

Dios Exploration Inc. (Montreal, Quebec) discovered the 
Shipshaw Carbonatite Complex near Chicoutimi, Quebec, in 
2010. Dios continued drilling on the property to explore for 
niobium and tantalum (Dios Exploration Inc., 2011, p. 5—6). 

Matamec Explorations Inc. (Montreal, Quebec) explored for 
niobium and tantalum at Zeus and Tansim properties in Quebec 
hosted by the Kipawa Alkalic Complex (Matamec Explorations 
Inc., 2012, p. 1, 14). 

Geometa Resources Inc. (2011, p. 7) estimated 0.126% Nb,O, 
contained in 183.9 Mt of indicated resources and 66.7 Mt of 
inferred resources at Montviel Core Zone in Quebec for the 
Montviel Core Zone at a cutoff grade of 1% total rare-earth 
oxides. | 

MDN Inc. (Montreal, Quebec) sought a strategic partner for 
its Crevier Niobium project (49°30' М, 72749" W), which had 
measured plus indicated resources of 25.369 Mt containing | 
0.196% Nb,O, and 234 g/t Та,О,. MDN planned to start Crevier 
Mine construction in 2013, with possible production of 4,000 
tons per day from an open pit mine (MDN Inc., 2012, 

й am Inc. (Montreal, Quebec) (2012, p. 2) explored for 
niobium minerals at its Oka property near Oka, Quebec. Niocan 
reported 10.63 Mt of measured plus indicated resources at 
0.68% Nb,O, as of December 2009. | 

PhosCan Chemical Corp. (Toronto, Ontario) (2012, p. 11) 

cover niobium from ore processed for 
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prefeasibility study work. Quest also explored for Мб,0, at 
Misery Lake (Quest Rare Minerals Ltd., 2012, p. 10, 17). 

Taseko Mines Ltd. (Vancouver, British Columbia) explored 
for niobium minerals at its Aley prospect in northern British 
Columbia. Taseko started the construction of road access to the 
site (Taseko Mines Ltd., 2012, p. 3). 

TNR Gold Corp. (Vancouver, British Columbia) explored 
the Great Slave Lake property in Northwest Territories (Moose 
project) for niobium and tantalum. Tantalum was mined at the 
property in 1947 and 1953-54. TNR also explored for niobium 
near Thunder Bay, Ontario (Big Beaverhouse property) (TNR 
Gold Corp., undated). 

Egypt.—Tantalum Egypt JSC [Gippsland Ltd. (Claremont, 
Australia) and the Government of Egypt] planned to mine 
tantalite from the Abu Dabbab (about 25°20’ 11” N, 34"3234" 
Е) and Nuweibi (25°12?3.09” М, 34°29’56.15” E) deposits, 
starting with Abu Dabbab in 2013 at the rate of 400 t/yr Ta,0, 
content. Gippsland reported Abu Dabbab proven plus probable 
reserves were 33.18 Mt at 0.0252% Ta,O,. At Nuweibi, 
indicated plus inferred resources were 98 Mt at 140 g/t Ta, 
H.C. Stark Group GmbH (Goslar, Germany) committed to buy 
300 t/yr of contained Ta,O, for the first 10 years (Gippsland 
Ltd., 2012, p. 8-11, 17). 

Estonia.—AS Silmet (Sillamäe) produced niobium and 
tantalum products from raw materials imported from Brazil 
(niobium-tantalum alloy) and Russia (niobium-tantalum ore) 
(Kerr, 2010). Molycorp Inc. (United States) acquired Silmet to 
become Molycorp Silmet. 

Ethiopia.—The Ethiopian Mineral Development Share 
Company (EMDSC) (Addis Ababa) (undated) owned and 
managed the Kenticha Tantalum Mine (5?27'1 3.63" N, 
39°1°2.51” E), and produced and exported tantalum concentrate 
from a capacity of 200 t/yr grading 45% to 60% Та,О; EMDSC 
estimated proved reserves of 16.4 Mt at 0.015% Та,0, and 
inferred reserves of 100 Mt at 0.017% Та,О.. 

Finland.—Tertiary Minerals plc (Macclesfield, United 
Kingdom) awaited an exploration license for the Rosendal 
tantalum prospect (Kemió Island), which had 1.05 Mt of 
inferred mineral resource grading 255 g/t Ta,O, (0.025570) 
(Tertiary Minerals plc, 2011, p. 10). 

Gabon. —Eramet S.A. (Paris, France) (2012, p. 5) planned 
to produce niobium and tantalum at its Mabounie project 
starting between 2018 and 2020, following the operation ofa 
commercial scale demonstration plant in 2014. m 

Kenya.—Pacific Wildcat Resources Corp. (Vancouver, vin 
Columbia, Canada) explored for niobium at Mrima Hill goa 
492 1' S, 39°11’ E), where it reported a niobium inferred гезош 
of 105.3 Mt at 0.65% Nb,O, (Pacific Wildcat Resources Md 
20112; c, р. 14, 18). Cortec Mining Kenya Ltd. (Nairobi) 8 
explored for niobium in the Mrima Hill area (Cortec Mining 
Kenya Ltd., 2011). 

с, Metals & Mining Limited (West Perth, 
Australia), through its Kanyika project, planned to bring 
niobium mining into production in 2014 followed by ойі 
ferroniobium production in 2015. Globe (2011, p. p: А й 
measured plus indicated plus inferred resources for the 
Niobium project (about 12°38" 5, 33 
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(0.014% average grade). Globe planned to complete a definitive 
feasibility study in 2012. Mkango Resources Ltd. explored 

for niobium at the Songwe Hill rare-earth project in southern 
Malawi. 

Mozambique.—Highland African Mining Company Limitada 
[a subsidiary of Noventa Ltd. (St. Helier, United Kingdom)], 
operated the Marropino Mine, held concessions for the Morrua 
and Mutala deposits, and held exploration licenses for adjacent 
areas. Noventa reported indicated resources of 7.40 Mt at 223 
g/t Ta,O, (0.022% Та,О,) at Marropinno (16°30’ 40” S, 37°54’ 
10” E) and 4.65 Mt at 510 g/t Ta,O, (0.051% Та,О,) at Morrua 
(about 16°16’ S, 37°52’ E) (Noventa Ltd., 2011, p. 6, 9, 21). 
Noventa planned to upgrade its processing capacity to about 250 
t/yr of contained Ta,O,. The company reported 2011 production 
of 38.4 t of contained Ta,O, compared with 12.5 t in 2010. 

Pacific Wildcat Resources Corp. (Vancouver, British 
Colombia, Canada) started tantalum ore production at the former 
Muiane Mine (15°44’10” S, 38?15' 15" E). Pacific planned to 
produce 16 t/yr Ta,O, to 34 t/yr Ta,O, upon completion of its 
secondary processing plant at the mine site in 2012, from an 
indicated resource of 1.375 Mt with average grade of 250 g/t 
Ta,O, (0.025% Ta,O,) to a cutoff grade of 50 g/t (Pacific Wildcat 
Resources Corp., 2009, p. 4; 2011b, p. 3). 

Namibia.—Procomex Namibia Pty. Ltd. (Uis) planned to 
reopen the Uis Mine, which formerly produced tin and tantalite. 
Procomex planned to start tantalum ore production after 
construction of a new processing plant, rehabilitation of the 
water infrastructure, and modernization of electrical connections 
by NamPower, Namibia’s national electrical power utility 
(Namibian, The, 2011). 

Namibia Rare Earths Inc. (Halifax, Nova Scotia, Canada) 
(2012, p. 5) explored for niobium at the Lofdal carbonatite 
complex (20°21’ S, 14°45’ E) (Woolley, 2001, p. 209). Namibia 
Rare Earths planned to complete a resource estimate in 2012. 

Norway.—EMC Metals Corp. (Vancouver, British Columbia, 
Canada) (2012, р. 28-29) explored for niobium and tantalum at 
Terdal and Evje properties in southern Norway. 

Russia.—OAO Severstal (Moscow) reported producing 
ferroniobium via its subsidiary OAO StalMag. StalMag was 
located in Krasnoyarsk Kray, where it had reserves sufficient to 
support production for 11 years. Ferroniobium production was 
reported to have been 129,000 t in 2010 compared with 
296,000 t in 2009 and 146,000 t in 2008 (OAO Severstal, 2010, 
p. 31-32; SteelGuru, 2011). 

Spain.—Solid Resources Ltd. (Vancouver, British Columbia, 
Canada) (2011, p. 33, 41) estimated mineral reserves for 
Presqueiras and Taboazas areas in the Galicia Region of Spain. 
Presqueiras area reserves were 0.2 Mt measured at 79.7 g/t 
Ta O., 79.8 g/t Nb,O,; 1.4 Mt indicated at 86.1 g/t Ta,O,, 80.2 


g/t Nb,O,; and 4 Mt inferred at 93.0 g/t TajO,, 84.9 g/t Nb,O,. 
Taboazas area reserves were 0.2 Mt indicated at 150.8 g/t Ta,O,, 
115.3 g/t Nb,O,; and 4 Mt inferred at 14.7 g/t Ta,O,, 109.2 g/t 
Nb,O,. 

Tanzania.—Peak Resources Inc. (Perth, Australia) (2011) 
explored for niobium and tantalum in the Ngualla Carbonatite 


near Mount Ngualla (7°42’ S, 32°50’ E) (Woolley, 2001, p. 328). 


United Kingdom.—The British Geological Survey (2011b) 
determined the niobium and tantalum relative supply risk 
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index to be 8.0 and 6.0, respectively, based on those elements’ 
abundance in the Earth's crust, the locations of production and 
reserves, and the political stability of those locations. The index 
ranged from very low risk, 1, to very high risk, 10. 
Zambia.—African Consolidated Resources plc (Kent, United 
Kingdom) (ACR) explored its Nkombwa Hill project for 
niobium in Northern Province (10°10° S, 32°51’ E) (Woolley, 
2001, p. 355). ACR took chip samples and planned to take 
trench samples (African Consolidated Resources plc, 2011). 


Outlook 


Niobium.—The principal use for niobium (as much as 
90% of global use) was as an additive in steelmaking, mostly 
in the manufacture of microalloyed or HSLA steels (Roskill 
Information Services Ltd., 2009а, p. 1—3). Niobium mainly is 
used in HSLA steels consumed by automobile, construction, and 
pipeline industries. The sharp fall in demand for automobiles 
and in construction that started in 2008 was expected to decrease 
demand for niobium-containing steel. The long-term growth 
of niobium use was interrupted by the economic downturn 
of 2008—09. Greater demand for natural gas was expected 
to result in increased demand for pipeline steel. Recovery of 
these markets was expected to revive demand for niobium. It 
was reported that the global unit consumption of niobium per 
ton of steel produced was 55 to 60 g/t, while that of highly 
economically developed countries was 100 g/t and that of 
China was 40 g/t, suggesting significant potential for niobium 
consumption growth as the Chinese economy develops 
(Roskill Information Services Ltd., 2009a, p. 124—125). 
Tantalum.—Consumers heavily relied on tantalum 
inventories and huge quantities of highly contentious and 
politically sensitive, low-cost columbite-tantalite from Congo 
(Kinshasa) that appeared to have displaced producers in the 
conventional supply chain. In 2008 and 2009, an estimated 
near 4094 of tantalum mine production was put on care-and- 
maintenance status, including mines in Australia, Canada, 
and Mozambique. Industry sought a way to exclude illegal 
columbite-tantalite from the supply chain. It was thought that 
a ban on such material by the United States and the European 
Union was possible. New production projects in Canada, Egypt, 
and Saudi Arabia offered the possibility that new mines could 
be brought into production between 2011 and 2013. It was 
anticipated that as the global economy recovered, so too would 
demand for tantalum (Roskill Information Services Ltd., 2009b, 
p. 21—23). Tantalum demand was expected to increase 6% per 
year and might exceed 796 in 2011 (Smith, 2011). 
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TABLE 1 
SALIENT NIOBIUM STATISTICS’ 
| 2007 2008 2009 2010 201 
United ею 1,100 € 781 195 281 363 
Exports, Nb content | 
2 
5 


Reported consumption, 


Raw materials e 
Ferroniobium and nickel niobium 


Apparent consumption, Nb content 


4 
lue: D 
ы aum ores and concentrates (gross weight) dollars per kilogram 
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Niobium oxide (gross weight) 
Ferroniobium (gross weight) 
World, roduction of niobium-tantalum con 


"Estimated. Revised. do. Di А 
1 ded to no more 

Data are roun than t 
?Includes natural and synthetic niobium ore an 


i i f niobium. 
? niobium and articles made o | 
ни average value of imported plus exported materials. 


centrates, Nb conten 


an three significant digits, except values. 


52.8 


do. 


metric tons 
tto. W Withheld to avoid disclosing company proprietary data. 


d concentrates, niobium oxide, niobium ferroalloy, 


4] 


NEM === 
7,120 2,920 6,280 


8,400 
D y Y — qi 
6,510 5,380 4,350 $590 
9,020 8,450 4,210 8210 ___---- 
39.34 
22.55 26.70 59.86 19.84 org 
ML 
22067 
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62,200 ' 63,000 63,200 "____----- 
and unwrought niobium metal and alloys. 
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ТАВГЕ 2 
SALIENT TANTALUM STATISTICS! 
2007 2008 2009 2010 2011 * 
United States: 
Exports: 
Tantalum ores and concentrates,” Ta content metric tons 146 96 94 58 65 
Tantalum metal, gross weight do. 207 390 138 246 443 
Tantalum and tantalum alloy powder, gross weight do. 158 176 94 134 140 
Imports for consumption: | 
Mineral ores and concentrates, Та content do. 294 357 109 9 60 
Tantalum metal and tantalum-bearing alloys,’ gross weight do. 861 934 689 1,590 1,800 
Reported consumption, raw materials Ta content do. W W W W W 
Apparent consumption, Ta content do. 644 629 473 1,160 1,210 
Price, tantalite,* Ta,O, content dollars per kilogram 82 96 89 120 275 
Value,” tantalum ores and concentrates, gross weight do. 43 49 30 32 46 
World, production of niobium-tantalum concentrates, Ta content metric tons 1,060 ' 1,300 € 770 € 640 € 770 


“Estimated. ‘Revised. do. Ditto. W Withheld to avoid disclosing company proprietary data. 
‘Data are rounded to no more than three significant digits. 
“Includes natural and synthetic tantalum ore and concentrates. 
Includes unwrought powders, unwrought alloys and metals, waste and scrap, and wrought alloys and metal. 


* Average annual price per Ta;O; content as reported in Ryan’s Notes. 
?*Mass-weighted average value of imported plus exported materials. 


TABLE 3 
REPORTED CONSUMPTION, BY END USE, INDUSTRY STOCKS OF FERRONIOBIUM AND 
NICKEL NIOBIUM, AND GOVERNMENT STOCKS BY MATERIAL IN THE UNITED STATES! 


(Metric tons of niobium and tantalum content) , 


2010 2011 
End use: 
Steel: 
Carbon 1,630 1,630 
Stainless and heat-resisting 727 684 
Full alloy 360 331 
High-strength low-alloy Q) Q) 
Electric (2) (2) 
Tool 19 17 
Unspecified 1,430 € 1,510 
Total 4,160 4,160 
Superalloys 1,400 3,020 
Alloys (excluding steels and superalloys) 24 21 
Grand total 5,590 7,200 ° 
Stocks, December 31: 
Consumer 462° 406 
Producer’ W W 
Total 462 ' 406 
National Defense Stockpile, total uncommitted inventory by material: 
Niobium metal ingots 10.0 10.0 
Tantalum carbide powder 1.72 1.72 


*Estimated. 'Revised. W Withheld to avoid disclosing company proprietary data. 

!Data are rounded to no more than three significant digits; may not add to totals shown. 
"Included with “Steel, unspecified." 

>Ferroniobium only. 
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ТАВГЕ 5 
U.S IMPORTS FOR CONSUMPTION OF TANTALUM ORES AND CONCENTRATES, BY COUNTRY! 


2010 2011 
Gross mass Value Gross mass Value 
Country (kilograms) (thousands) (kilograms) (thousands) 
Australia = = 111,000 $11,200 
Lm _____ .°  .- Es - 1,300 45 
Brazil 11,000 $2,150 20,000 2,740 
Сапада 255 5 20,200 325 
China 255 88 773 21 
Kazakhstan P = 65 18 
Mozmbiqe ооо 8,350 270 26,000 796 
La. =. та У à E 3 3 
Total 19,800 2,520 179,000 15,200 


І о ety 
Data are rounded to no more than three significant digits; may not add to totals shown. 


Sources: U.S. Census Bureau and U.S. Geological Survey. 


U.S. GEOLOGICAL SURVEY MINERALS YEARB 


SI понешоји ојувуеле yng “$әуедпәәпоә [e1eurur илатезие pue шатаот “оопрола ој упо әле ло 


OLL : 079 


'600% [udy Ajzea зәре ponunuos uorjonpoid ji гезјошт st ү 


a OLL 1 00671 1 09071 ООРЕ9  ,00c'€9 1 000°€9 000'€9 
(ЕТ) (£1) (£D (£1) (ст) (€1) (€1) 
== == [4 t x "= ка [^ ГА 
£6 1€6 1 OCI 1 OST ozi 021 1 OCI 1051 1061 
05 1 75 1 OV 199 ‚ OV ОРР : 08? 1 09€ 10562 
092 ита! п OTI 95 59 0t 6c 8с 
9L 1 VL 1: VL 19L 1 95 vl 1 (1 , VI , VI 
Ex ve <= = E TR ag э] OV 3 65 
$6 ‚ 011 OCI ОРІ ‚041 08 166 : ОП 1021 
те = Sz OV ср — т => са 
= == = эй se 6‘d TES 1122 ОБЕ €8€'v 
£I з €l 19 ml 6 ЕТ 161 19 181 
081 081 081 081 081 xz a xs шы 
= = = E i 000'8$ 000'8$ 000'8S 000'85 
= p I8 (55 1644 ax са e = 
„1102 0102 600€ 3002 [002 „1102 0102 6007 8007 
61091009 umpejue ү, ‚3Чәзчоә WNION 


1002 29 000‘S9r 
(£1) (£D 


, 051 08€ 
‚ OvE 0014 
2 006 
191 в LOZ 
‚ 86 OSE 


LEEY + OOELIZ 


01 89 
= 059 
6 LITLS 000°0SZ 


100 „1102 


(suo) эшәр) 


"yun % uei 5521 


ецешоѕ ш peonpoJd Атраџодај sem ojmejuv)-ojrqumngoo зо suo) одеш 91 6002 Judy o3 3005 isn3ny uon, 


'saoUtAo1d NATY 40$ pue фром әп} sepnjout ejep роџодо , 
'eyejue; pue ejreumefp sopnjour.. 


: 000'сер , 000°9%P , 000°0ЕӮ 


(£D 


-- П H 

, 08€ , 08t , 009 

,0071 ,006 ‚045 
OEH 6 507 « 96€ 

‚ 191 1 TOZ ‚ 905 
- „а 08 6H 


673 [65 64 89v 6 LCS 


= ОТТ 051 
: 007981 , 00541 ‚008°8/1 


3 L9 1 vc 1 16 
059 059 059 
000°SbZ ^ OO0'LPC 000'9vC 


a SIE 090“ 


0102 600 8002 
SUI 55010) 


z4 АЧИКПОЭ АЯ “SALVULNAONOD тумачи JO мопопаома ATAOM :WQ'TVINVIL ANY JAQISOIN 
9 Я19УІ. 


‘ams роџодом А 


"eo[]»o1Ád pue онашпјоз зарпјош, 
ЗОМ риф-опо әд о} pounsse зједизопо2 SI SSEW 5501) "juojuoo umirqoru 0} рәрәлиоо 1џој002 осам ur роџодај поцопроза ojenusouoo штидом, 
5081, рлф-опо aq oj рәшпѕѕе оједизопоз 51 ѕѕеш 55020) *juojuoo шпезие) 0} раџолиоо FOTEL ur раџодој попопројда шпјејсе L 

"әлә зи по Jo sojeurso ојдецој эдеш о} ојепбореш 
‘sonpoud озје етѕѕп pue *uvjsuyezvey LTEMA YILA ‘ешце “ло ‘Pasy ѕәщопоо оф ој поцірре uj ; 
"um[ejue) %/68"18 S! SOL *umtqoru 96506:69 st OTAN "peonpoud [ејэш Jo ѕѕеш 51 зчәзпогу, 

'pojoemxo st үејәш әлојәд әўедпәәпоә JO SSEUI SI SSEW 55027) а 
"ТОС ‘TI aun ҶЗполд ојаејтеле езер зорпјош әүдеј, ‘Sers pue soso un ш peurejuoo штјејов) pue umnrquinpoo Jo uononpoud зарпјоха, 
"UMOYS 5]езоз 0} ppe зои ABUL ‘5381р јео золр пец әлош ou oj popunoi әле езер рәјешцѕә pue зјејо) pHoM, 


, 000°ZIP 
(ЕТ) 


06t 
: 058 


« 961 
LU 


6 gi 8cr 


102 
1 008'191 


25 
059 

6 99L'svc 

> 06971 


100 


'0197 -- "ровом, "рәјешцѕ9, 


1230.1. 
„2рое8 п 
105 
ериему 

2911210} 
-9jquin[oo LUIN 
,enbrqurezojq 
expe; *erdorqyg 

STEIOUTU QN 

из 1910 )- епа шпјод 
:(eseusury) 08005 

o э 3 

те qN 


011879010 e], 
212814 

99100} 
-онаштјоо *erersnyv 


52.13 


NIOBIUM AND TANTALUM—2011 


м сан Ee ——__ БИ 


TABLE 7 
FERRONIOBIUM (F ERROCOLUMBIUM): WORLD PRODUCTION, BY COUNTRY’ 


(Metric tons, Nb content) 
Coun 2007 2008 2009 2010 2011 
Brazil 34,612 3 35,534 3 22,932 3 34,708 "3 34,700 >“ 
Canada‘ 4,337 3 4,384 ^? 4,620 4,620 4,620 
Russia‘ 80 € 80 79 80 80 


United States NA NA NA NA NA 


TNR Е, m a E ECL. NA S ___МА___ А, | 
Total 39,000 40,000 27,600 39,400 ' 39,400 
"Estimated. Preliminary. ‘Revised. МА Not available. 


'Estimated data are rounded to no more than three significant digits; may not add to totals shown. Table 
includes data available through July 13, 2012. 

"In addition to the countries listed, Austria, China, and Germany are thought to have produced ferroniobium 
(ferrocolumbium), but production information is inadequate for the formulation of estimates of output levels. 


"Reported figure. 
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NITROGEN 


By Lori E. Apodaca 


The world production table was prepared by Glenn J. Wallace, international data coordinator. 


In 2011, U.S. ammonia production contained 9.35 million 
metric tons (Mt) of nitrogen, about a 13% increase from 
production in 2010, and apparent consumption increased by 
about 8% from that in 2010. Exports of ammonia decreased by 
26% from those in 2010, and imports were slightly higher than 
those of 2010. Most of the imports in 2010 were from Canada, 
Russia, Trinidad and Tobago, and Ukraine. About 87% of the 
domestically produced ammonia consumed in the United States 
was used in fertilizer applications. Global ammonia production 
in 2011, which was estimated to contain 135 Mt of nitrogen, was 
higher than that in 2010. China, India, Russia, and the United 
States were the leading producers, together accounting for about 
54% of the total. 


Legislation and Government Programs 


The U.S. Department of Homeland Security (DHS) proposed 
new regulations for the creation of the Ammonium Nitrate 
Security Program for the safe handling of ammonium nitrate 
across the United States. The Ammonium Nitrate Security 
Act was passed by Congress in 2007; at that time DHS was 
authorized to develop a program to regulate ammonium nitrate. 
Since the act was passed, the U.S. industry has followed 
voluntary standards; however, under the proposed Ammonium 
Nitrate Security Program these standards would become 
mandatory. Under the proposed regulations, those engaged in 
the sale and transfer of ammonium nitrate would be barred from 
selling or transferring 11 kilograms (25 pounds) or more of 
ammonium nitrate to anyone who is not registered with DHS. In 
addition, these individuals would be required to report losses or 
thefts to federal authorities within 24 hours. All records related 
to the sale and transfer of ammonium nitrate would have to be 
maintained for 2 years (Fertilizer Week, 20111). 

In November, the U.S. International Trade Commission 
determined that revoking the existing antidumping duty 
orders on solid urea from Russia and Ukraine would lead to 
continuation or recurrence of material injury to the industry in 
the United States. As a result, the existing antidumping duty 
orders would remain in place. Urea from Russia and Ukraine 
has been subject to dumping duties since 1987 
(U.S. International Trade Commission, 2011). 


Production 


Industry statistics for anhydrous ammonia and derivative 
products were developed by the U.S. Census Bureau and The 
Fertilizer Institute and adjusted by the U.S. Geological Survey. 
А summary of the production of principal inorganic fertilizers 
through the second quarter was reported in the U.S. Census 
Bureau's series MQ325B. Inorganic fertilizer data for the 
third and fourth quarters were available from The Fertilizer 
Institute. In 2011, production of anhydrous ammonia (82.2% 
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nitrogen) increased by about 13% to 9.35 Mt of contained 
nitrogen compared with 8.29 Mt in 2010 (table 1). Of the total 
production, 8796 was for use as a fertilizer; the remaining 1396 
was used in other chemical and industrial sectors (table 2). 

The United States was a leading producer and consumer 
of elemental and fixed types of nitrogen. In declining order, 
urea, ammonium nitrate, ammonium phosphates [diammonium 
phosphate (DAP) and monoammonium phosphate (MAP)], 
nitric acid, and ammonium sulfate were the major downstream 
products derived from domestic and imported ammonia in 
the United States. Their combined estimated production was 
8.76 Mt of contained nitrogen, with urea accounting for 28%, 
ammonium nitrate 27%, ammonium phosphates 2096, and nitric 
acid 18% of the total production (table 3). 

Ammonia producers in the United States operated at about 
8695 of their design capacity in 2011; this percentage included 
capacities at plants that operated during any part of the year 
and did not include plants that were idle for all of 2011. Of 
the total available U.S. ammonia production capacity, more 
than 61% was concentrated in the States of Louisiana (36%), 
Oklahoma (19%), and Texas (6%), where there are large 
reserves of feedstock natural gas. CF Industries Holdings, Inc., 
Koch Nitrogen Co., LLC, PCS Nitrogen, Inc., and Agrium Inc., 
in descending order, accounted for 7796 of total U.S. ammonia 
production capacity (table 4). 

Potash Corp. of Saskatchewan Inc. (PotashCorp) announced 
in February that it would begin an 18-month process to restart 
its anhydrous ammonia plant at Geismar, LA. The plant was 
idled in 2003, a result of high natural gas prices. PotashCorp 
planned to invest $158 million to bring the facility back into 
operation. Ammonia production capacity for the plant was 
expected to be 1,360 metric tons per day (t/d); most of the 
ammonia was expected to be consumed in the production of 
nitric acid and urea ammonium nitrate (UAN) (Green Markets, 
2011e). 

In May, Egypt's Orascom Construction Industries’ (OCT) 
wholly owned subsidiary OCI Nitrogen, acquired a majority 
stake in the integrated ammonia-methanol plant in Beaumont, 
TX, from Eastman Chemical Co. OCI acquired the plant through 
a joint venture, named Pandora Methanol LLC (Pandora), with 
Janus Methanol AG (Green Markets, 2011d). The plant has a 
production capacity of 250,000 metric tons per year (t/yr) 
of ammonia and 750,000 t/yr of methanol. In November, OCT's 
Fertilizer Group signed an agreement to acquire minority 
shares in its Texas-based subsidiary Pandora bringing its stake 
in the Beaumont plant to 100% and renaming Pandora to 
OCI Beaumont. Initially OCI had held 50% plus one share in 
Pandora prior to this acquisition (Fertilizer Week, 2011e). 

LSB Industries, Inc. committed $9.4 million to bring three 
additional plants into operation at its facility in Pryor, OK. This 
included two anhydrous ammonia plants with an estimated 
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combined capacity of 54,000 t/yr and a nitric acid plant with 

an estimated capacity of 60,000 t/yr. An engineering evaluation 
was underway to determine more accurate production capacities 
(Green Markets, 2011с). 


Environment 


Hypoxia has become a controversial environmental concern 
for the fertilizer industry and an issue that spawned significant 
research efforts to determine its cause. Hypoxia happens where 
water near the bottom of an affected area in a large body of 
water, such as the Gulf of Mexico, contains less than 2 parts 
per million of dissolved oxygen. Hypoxia can cause stress or 
death in bottom-dwelling organisms that cannot move out of the 
hypoxic or “dead” zone. 

Dead zones in coastal oceans have been reported in more than 
400 ecosystems, affecting a total area of more than 245,000 
square kilometers (km) worldwide. The number of dead zones 
has approximately doubled each decade since the 1960s. More 
recently, dead zones have developed in continental seas, such 
as the Baltic Sea, the Black Sea, the East China Sea, the Gulf of 
Mexico, and the Kattegat (Diaz and Rosenberg, 2008). 

In December, the Gulf of Mexico regional ecosystem 
restoration strategy was published by the Gulf Coast Restoration 
Task Force, a group established in 2010 by Executive Order 
13554 to address the persistent and significant decline of 
the Gulf Coast of the United States. Goals of the Gulf Coast 
restoration effort are to restore and conserve habitat, to restore 
water quality, to replenish and protect living coastal and 
marine resources, and to enhance community resilience. The 
task force consisted of senior officials from seven Federal 
cabinet agencies, the Executive Office of the President, and 
representatives from the five Gulf States of Alabama, Florida, 
Louisiana, Mississippi, and Texas. In developing a strategy to 
address the issues in the Gulf Coast, the task force met at least 
once with each of the five Gulf States. The Gulf of Mexico 
regional strategy detailed a restoration framework and series of 
actions that the task force member agencies can take to support 
each of the restoration goals. Also, the strategy outlined a series 
of next steps that would better align agency programs and 
leverage scientific and fiscal resources (Gulf Coast Ecosystem 


Restoration Task Force, 2011, p. 1—5). 
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each constituted 2% of 2011 nitrogen fertilizer consumption. 
The leading nitrogen-consuming States in the 2011 crop year 
were California, Iowa, Illinois, Kansas, and Nebraska. 


Stocks 


Stocks of ammonia at yearend 2011 were estimated to be 
178,000 metric tons (t), about 8% higher than comparable stocks 
at yearend 2010 (table 6). 


Transportation 


Ammonia was transported by refrigerated barge, rail car, 
pipeline, and tank truck. Three companies served 11 States with 
5,090 km of pipelines and 4,800 km of river barge transport; ral 
and truck were used primarily for interstate or local delivery. 

NuStar Energy L.P. continued to operate the Gulf Central 
ammonia pipeline. The 3,200-km ammonia pipeline originated 
in the Louisiana Delta area, where it had access to three 
marine terminals and three anhydrous ammonia plants on the 
Mississippi River. The capacity of this pipeline was about 2 
million metric tons per year (Mt/yr) of ammonia, with a storage 
capacity of more than 1 Mt. In 2011, about 1.4 Mt of ammonia 
was shipped through the Gulf Central ammonia pipeline (Nuštar 
Energy L.P., 2012, p. 13). 

Magellan Midstream Partners, L.P. owned a common carrier 
ammonia pipeline system. The 1,750-km pipeline system, 
which transported and distributed ammonia from production 
facilities in Oklahoma and Texas to various distribution plants 
in the Midwest, had a delivery capacity of about 820,000 tyr 
In 2011, 660,000 t of ammonia was shipped through Magellan's 
pipeline compared with 419,000 t in 2010 (Magellan Midstream 
Partners, L.P., 2012, p. 36). Tampa Pipeline Corp. operated the 
135-km Tampa Bay Pipeline system, which moved ammonun 
phosphate and nitrogen compounds for fertilizer producers in 
Hillsborough and Polk Counties, FL. 


Prices 


Midyear and yearend prices for nitrogen materials are listed 
in table 7. The average gulf coast ammonia price began 2011 at 
$420 per short ton ($463 per metric ton), and in mid-October 
reached the high for the year of $612 per short ton (8675 per 
metric ton), where it remained until yearend, а 46% increase m 
price from the average high for 2010. 

The average granular urea price fluctuated throughout 201, 
beginning the year at $381 per short ton ($420 per metric e 
The average price reached a high of $515 per short ton ($5 
per metric ton) at the end of September. At yearend, the averag 
urea price was $368 per short ton ($406 per metric ton). т 

The average ammonium nitrate price, which began 20! i: : 
$373 per short ton ($411 per metric ton), increased quem 
of the year. The average price rose to $405 per short ton : ii 
per metric ton) by mid-September and then declined slighty 
$398 per short ton ($439 per metric ton) by yearend. ; 

Typically, ammonium sulfate prices do not follow the 
same trend as other nitrogen products, which correlate S 
natural gas prices, mainly because a substantial portion У ево 
material is produced as a byproduct of caprolactam we as 
Caprolactam, an organic compound, is the precursor to 
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a widely used synthetic polymer. The average price began 2011 
at about $283 per short ton ($312 per metric ton) and fluctuated, 
reaching a high of $375 per short ton ($413 per metric ton) in 
early May. By yearend, the price averaged $370 per short ton 
($408 per metric ton). 

In 2011, the annual average price paid index for fertilizers 
increased by about 30% from the 2010 index (U.S. Department 
of Agriculture, Economic Research Service, 2012a). Fertilizer 
prices increased as a result of the available supply versus the 
demand for fertilizers. In addition, disruption in gas supplies 
for some of the nitrogen producing areas such as Trinidad and 
Tobago added to the increased cost. 


Foreign Trade 


Ammonia exports were 26% lower than those in 2010 
(table 8). Canada was the leading destination for U.S. exports of 
ammonia accounting for 66% of the total. 

Ammonia imports were slightly higher than those in 2010 and 
dwarfed the quantity of exports. The average value of ammonia 
imports increased to $557 per metric ton from $392 per metric 
ton in 2010 (table 9). Trinidad and Tobago (55%) continued to 
be the leading import source. Canada (17%), Ukraine (9%), and 
Russia (8%) were the remaining significant import sources. 

Tables 10 and 11 list trade data for other nitrogen materials 
and include information on principal destination or source 
countries. Exports of ammonium nitrate, anhydrous ammonia, 
and DAP decreased in 2011, while ammonium sulfate, MAP, 
and urea increased. Import quantities of nitrogen materials were 
higher than tmports in 2010 for most nitrogen compounds. The 
exceptions were ammonium nitrate and limestone mixtures, 
ammonium sulfate, and urea. Imports of calcium nitrate were 
unchanged. 


World Review 


Anhydrous ammonia and other nitrogen materials were 
produced in more than 60 countries. Global ammonia production 
in 2011, estimated to be 135 Mt, was about 3% higher than that 
of 2010 (table 12). China, with 31% of total production, was 
the leading world producer of ammonia. Asia contributed 48% 
of total world ammonia production, and the Commonwealth of 
Independent States (CIS), Estonia, and Lithuania produced 13% 
of the global total. North America represented 10% of the total; 
Middle East, 8%; Western Europe, 7%; Central America and 
South America together, 6%; and Africa, Eastern Europe, and 
Oceania together contributed the remaining 7%. 

In 2011, world ammonia exports, estimated to be 16.6 Mt of 
contained nitrogen, were higher than those in 2010. Canada, 
Indonesia, Russia, Saudi Arabia, Trinidad and Tobago, and 
Ukraine accounted for about two-thirds of the world export 
total. North America (primarily the United States) imported 
about one-third of global ammonia import trade, followed by 
Asia and Western Europe (International Fertilizer Industry 
Association, 2012). 

Angola.—The Angola Ministry of Geology, Mining and 
Industry signed an agreement with Japanese firms Mitsubishi 
Heavy Industries, Ltd., Toyo Engineering Corp., Sojitz Corp., 
and Sumitomo Corp. to design and engineer an ammonia-urea 
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plant that would be constructed in Soyo in Zaire Province. 
Planned production capacity for the plant was 2,000 t/d of 
ammonia and 1,750 t/d of urea. The plant was expected to be 
completed by the end of 2015 at a cost of $1.3 billion 
(Nitrogen + Syngas, 2012a). 

Azerbaijan.—State Oil Company of the Azerbaijan Republic 
(SOCAR) planned to build a nitrogen fertilizer plant in 
Sumgayit. The plant’s production capacity would be 1,200 t/d of 
ammonia and 2,000 t/d of urea using natural gas as a feedstock. 
Construction was expected to be completed by 2014 (State Oil 
Company of the Azerbaijan Republic, 2011). 

Brazil.—Petróleo Brasiliero S.A. (Petrobras) and Espirito 
Santa State government signed a letter of intent to define 
the requirements for implementing a gas-based fertilizer 
and chemical complex at Linhares. The planned production 
capacity for the plant was 783,000 t/yr of urea and 1.09 Mt/yr 
of methanol. Ammonia production capacity was not provided. 
No timetable for construction was announced (Fertilizer Week, 
2011f). 

Petrobras signed an agreement with Companhia Energética 
de Minas Gerais S.A. (Cemig), the Minas Gerais state regional 
energy distributor, to build a 520,000-t/yr ammonia plant at 
Uberaba, together with a 256-km gas pipeline to supply gas 
feedstock to the plant. Petrobras would develop the ammonia 
plant and Cemig the pipeline at a cost of $1.4 billion 
(Nitrogen + Syngas, 2011a). Petrobras awarded Technip S.A. 
the front end engineering and design contract for the ammonia 
plant at Uberaba. Technip would license technology from 
Haldor Topsge A/S to build the ammonia plant. The plant was 
scheduled to be operational by September 2015 (Nitrogen + 
Syngas, 20116). 

Brunei.—Brunei National Petroleum Co. partnered with 
Japan’s Mitsui & Co. Ltd. and Mitsui Chemicals Inc. to build 
an ammonia-urea complex at the Sungai Liang Industrial Park. 
The plant was expected to produce 850,000 t/yr of ammonia and 
600,000 t/yr of urea. Construction was to begin in 2012 and be 
completed by 2015 (Nitrogen + Syngas, 2011c). 

Cameroon.—Cameroon’s state-owned National 
Hydrocarbons Corp. signed a memorandum of understanding 
with Ferrostal AG to undertake feasibility studies for an 
ammonia and urea plant. The plant would produce 600,000 
t/yr of ammonia and 700,000 t/yr of urea. No timetable for 
completion of the ammonia plant was announced (Fertilizer 
Week, 2011c). 

Canada.—January marked the completion of the first 2-year 
mandatory audit cycle of the Canadian fertilizer industry’s 
Ammonia Code of Practice, which began in 2008 to provide 
uniform standards of handling and storage of anhydrous 
ammonia at agricultural-retail facilities in Canada. The 
Canadian Fertilizer Institute (CFI) Fertilizer Safety and Security 
Council developed the Ammonia Code of Practice in partnership 
with the Canadian Association of Agri-Retailers, the Ontario 
Agri-Business Association, and the Quebec Professional 
Association in Crop Nutrients. CFIs’s code went into effect 
January 1; the code stated that Canadian manufacturers and 
distributors would supply ammonia only to agri-retailers who 
have successfully completed an audit in the previous 2 years. 
In addition, retailers must meet stringent requirements for 
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emergency prevention, preparedness, and response, and they 
must review these provisions with local emergency responders 
every year. The Code of Practice is the first initiative of its 
kind for ammonia, which sets a new global benchmark (Green 
Markets, 201 La). 

China.—Petrochina Ningxia Petrochemical Co. (CNPC) 
began work on a 450,000-t/yr ammonia and 800,000-t/yr 
urea project in Yinchuan in the Ningxia Hui Autonomous 
Region. This was CNPC's first state-of-the-art fertilizer project 
to be designed and constructed using the company’s own 
technologies. The project was expected to be completed by the 
first half of 2013 (Fertilizer Week, 2011b). 

Hengang Huahe Coal Chemical Industry Ltd. signed 
an agreement with Stamicarbon to build a 1,860-t/d urea 
granulation plant in Hegang City, Heilongjiang Province. Start 
date for the plant was planned for 2014 (Nitrogen + Syngas, 
20119). 

In December, the Chinese Government released its 2012 
tariff rates for many products, including urea, to reduce overall 
Chinese fertilizer exports on products not included under the 
2011 export tariff system, in addition, the new rates potentially 
increase exports of urea and DAP/MAP. The surcharge for urea 
would remain at 110% during the high seasons, which were 
from January through June and November through December. 
Exceptions would be bags weighing less than 10 kilograms, 
which would be taxed at a flat rate of 82% in the high season 
and at a flat rate of 7% in the low season. Also, a tariff of 7% 
tax would ђе added to the benchmark price of urea, effectively 
setting a higher base price from which the export tariff would be 
calculated (Fertilizer Week, 2011а). E 

Egypt.— Tecnimont S.p.A. was awarded the engineering, 
procurement, construction, and commissioning contract for a 
new fertilizer complex in Aswan, to be operated by Egyptian 
Chemical & Fertilizers Industries. The complex would consist 
of a 1,200-t/d ammonia unit, a 1,575-t/d urea unit, and a 
1.575-t/d urea granulation plant. The complex was expected to 
be completed by July Du a cost of $540 million 
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$1.87 billion. The site would be transferred to the ownership 
of state-owned Rashtriya Chemicals and Fertilizers Ltd., who 
would oversee the project. The development would include 
the construction of a $550 million coal gasification unit to 
provide feedstock for the plant owing to the uncertainty in 
availability of natural gas. Production capacity for the revamped 
ammonia-urea unit was expected to be 1.15 Mt/yr of urea. In 
addition, construction was planned for a 280,000 t/yr nitric acid 
plant and 300,000 t/yr ammonium nitrate plant. No timetable 
was announced for the completion of the project. CCEA also 
approved the revival of four other idled FCIC plants and three 
units belonging to the Hindustan Fertilize Corporation Ltd. in 
order to reduce India’s growing imports of urea and balance 
availability throughout the countries (Nitrogen + Syngas, 
2011f). 

Indonesia.—PT Pupuk Kalimantan Timur (Kaltim) 
awarded Toyo Engineering a $577 million contract to build 
a new ammonia-urea plant in Bontag east Kalimantan. Toyo 
Engineering was to construct the urea unit but awarded a 
contract to KBR to provide licensing and engineering services 
for the Kaltim-5 ammonia plant. The production capacity was 
expected to be 825,000 t/yr of ammonia and 1.15 Mt/yr of urea. 
The ammonia-urea unit was expected to be operational by 20M 
and replace an existing unit on site, which would allow Kaltim 
to decrease gas consumption and operate more efficiently 
(Nitrogen +Syngas, 2011g, h). 

Iraq.—First Global Co. awarded KBR a contract to revamp 
the North Fertilizer Plant in Baiji. The plant was part ofa 
fertilizer, petrochemical, and oil refinery complex. KBR would 
provide a license for its proprietary ammonia process and 
related engineering services to increase the plant's capacity to 
120% of the original design. The plant was originally designet 
to produce 1,000 t/d of ammonia. No timetable was provided 
for completion of the revamping of the plant (Fertilizer Week, 
2011д). » 

Malaysia.—Petronas Chemical Fertilizer Sabah (a subsidiary 
of Petronas Chemicals Group Bhd) awarded an engineering, 
procurement, and construction contract to Mitsubishi Heavy 
Industries, Apex Energy of Malaysia, and PT Rekayasa 
Industri of Indonesia to construct a large-scale ammonta- 
urea fertilizer plant in Siptang in Sabah State on the island of 
Borneo. Production capacity was expected to be 690,000 уг 
of ammonia and 1.27 Mt/yr of urea. The plant was expected to 
begin production in 2015 at a cost of $1.5 billion 
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$800 million. Ammonium nitrate production would mainly be 
for domestic consumption by the industrial and mining sectors 
(Nitrogen + Syngas, 2012c). | 

Russia.—JSC Acron signed a contract with Haldor Topsøe 
to design a 2,060-t/d ammonia plant to be located in Veliky 
Novgorod. An ammonia plant had been under construction at 
this location in the late 1980s but had been put on hold as a 
result of the collapse of the Soviet Union. The new plant would 
be reconstructed using equipment from the original plant, using 
a 1,200-t/d ammonia plant that JSC Acron purchased from 
Manfredonia, Italy, and supplemented with new equipment as 
needed. The plant was expected to be operational by the end of 
2014 (Haldor Topsge A/S, 2011). 

Laguz Management Ltd. planned to add urea capacity and 
increase ammonia production at the Rossosh plant, located 
in the Voronezh region close to the Ukraine border. Urea 
production was expected to be 500,000 t/yr, and ammonia 
production was expected to increase by 50% to 1.5 Mt/yr. The 
plant currently has production capacities of 1 Mt/yr of ammonia, 
1.1 Mt/yr of nitrogen, phosphorous, and potassium, and 520,000 
t/yr of ammonium nitrate. No timetable was given for the 
completion of the plant upgrades (Fertilizer Week, 20112). 

Saudi Arabia.—Saudi Arabian Fertilizer Company (Safco) 
awarded a contract to Saipem SpA to design and build an urea 
plant at Jubail. The plant was expected to have a production 
capacity of 1.1 Mt/yr of urea. Construction of the plant was 
expected to take 26 months, with production to begin in the third 
quarter of 2014 at a cost of $533 million (Nitrogen + Syngas, 
2012d). 

Trinidad and Tobago.—The Government of Trinidad and 
Tobago awarded Methanol Holdings Trinidad Ltd. the contract 
to build an anhydrous ammonia and downstream derivative 
project complex at an estimated cost of $1.9 billion. The 
project was expected to produce 1,850 t/d of ammonia to make 
downstream products such as urea and melamine. No timetable 
was provided for the completion of the project (Green Markets, 
2011f). 

Turkmenistan.—Turkmenkhimiya signed a contract with 
Turkey’s Ronesans Turkmen Inshaat Sanayi ve Ticaret to build 
an ammonia and urea plant at Mary. The plant would have 
production capacities of 400,000 t/yr of ammonia and 650,000 
t/yr of urea. The plant was expected to be completed by June 
2014 (Fertilizer Week, 2011h). 


Outlook 


According to the U.S. Department of Agriculture (USDA), 
U.S. corn growers intended to plant 38.8 million hectares (Mha) 
of corn for all purposes in the 2012 crop year, an increase of 4% 
from that in 2011 and an increase of 9% from that in 2010 (U.S. 
Department of Agriculture, National Agricultural Statistical 
Service, 2012a, p. 1). If this takes place, 2012 will represent the 
highest planted acreage in the United States since 1937 when an 
estimated 39.3 Mha were planted. Expectations of corn acreage 
utilization increased in many States because of higher selling 
prices and expectations of better net returns from corn compared 
to other commodities. However, despite planting the largest 
number of acres of corn in the past 75 years, U.S. growers 
were expected to produce 13% less corn in 2012 than that of 
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2011 because of the warm spring and drought conditions in the 
summer (U.S. Department of Agriculture, National Agricultural 
Statistical Service, 2012b). 

According to long-term projections from the USDA, projected 
plantings for the eight major field crops (barley, corn, oats, rice, 
sorghum, soybeans, upland cotton, and wheat) in the United 
States were expected to decrease slightly in the next few years 
but during the rest of the projection period plantings would 
remain near 99 Mha (2011—2021) from about 101 Mha in 2011. 
Increased cropland availability (resulting from the reduction 
in the allowable acreage enrolled in the Conservation Reserve 
Program), demand, and sustained high commodity prices were 
expected to keep projected U.S. cropland use at the same level. 
Corn, soybeans, and wheat were expected to account for about 
89% of acreage utilization for the eight major field crops during 
the projection period. During the 10-year period, the crop mix 
was expected to keep corn acreage high. Soybean planting likely 
would rise during the projection period as growth in domestic 
and foreign demand keeps prices high, which would result in 
favorable returns for producers. Wheat plantings probably would 
decline as a result of weak demand. Continued high levels of 
domestic corn-based ethanol and gains in exports were projected 
to keep corn demand high. Most U.S. ethanol production used 
corn as a feedstock, with nearly one-third of total corn use 
expected to go to ethanol production through 2021. Smaller 
gains for corn-based ethanol were projected during the 10-year 
period than had taken place in recent years. Relatively high 
prices for crude oil would be favorable for ethanol production, 
which, when combined with Government programs, would 
provide economic incentives for ethanol producers. 

Feed and residual use of corn is projected to rise as meat 
production increases, corn supplies increase, and corn prices 
stabilize. Also, supporting gains in feed use of corn is a 
slowdown in the growth of production of distillers grains (a 
coproduct of dry mill ethanol production). Inoreases in food 
and industrial uses of corn (other than for ethanol production) 
are projected to rise during the next decade. Consumer dietary 
concerns and other changes in tastes and preferences limit 
increases in the combined use of corn for dextrose, glucose, and 
high-fructose corn syrup to about one-half the rate of population 
gain. Other food uses of corn also are projected to rise more 
slowly than the increase in population. U.S. corn exports rise in 
response to stronger global demand for feed grains to support 
growth in meat production; the U.S. share of global corn 
trade averages slightly less than 5096. Larger corn plantings 
increase the demand for nitrogen fertilizers (U.S. Department of 
Agriculture, Economic Research Service, 2012b, p. 56—65). 

In 2011, natural gas prices decreased by 12%, resulting in 
the second lowest annual average price since 2002 as a result 
of strong gains in domestic natural gas production. Natural 
gas prices in the United States have typically been higher than 
those in the rest of the world; however, lower natural gas prices, 
which are a result of increased shale gas production, makes 
U.S. ammonia production more competitive with offshore 
imports. Depending on its price, natural gas can account for 
approximately 7096 to 8596 of the U.S. cash cost of producing 
ammonia. The Middle East, North Africa, and Russia have 
large supplies of lower-cost natural gas, which is a cost 
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advantage to producing and exporting ammonia. U.S. ammonia 
production is in a favorable cost position, owing to shale gas 
developments that have increased domestic supply and lowered 
prices for natural gas. Western Europe, Ukraine, and China 
have experienced rising natural gas prices, so producers in 
these regions are currently higher-cost suppliers (Potash Corp. 
of Saskatchewan Inc., 2012, p. 59). The U.S. Department of 
Energy projected that the Henry Hub natural gas spot price in 
the United States would average $2.55 million British thermal 
units (Btu) in 2012, an $1.40 decrease from the 2011 average, 
and $3.23 per million Btu in 2013 (U.S. Energy Information 
Administration, 2012, p. 9). 

In the winter of 2001, natural gas prices began to spike and 
continued to increase through the third quarter of 2008, and 
as a result, U.S. ammonia production capacity had declined 
by 4.1 Mt/yr, or 24% of the 2001 capacity. Low natural gas 
prices in 2011, have made domestic nitrogen production more 
competitive with imports from major nitrogen-exporting 
regions. The future of U.S. ammonia production depends on 
the variability in natural gas prices. The United States is the 
world’s leading importer of ammonia and the second ranked 
consumer. The interest that U.S. firms have in constructing 
new plants outside the United States had favored Trinidad and 
Tobago where natural gas prices were lower and distance to the 
United States was less compared to other offshore exporters. 
However, the recent low prices of natural gas have prompted 
some companies to upgrade or make plans to upgrade existing 
plants in the United States and other companies interested in 
the possibility of constructing new nitrogen projects in North 


America. 
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TABLE 1 


SALIENT AMMONIA STATISTICS"? 


(Thousand metric tons of contained nitrogen unless otherwise specified) 


2007 2008 2009 2010 2011 
United States: 
Production 8,540 7,870 7,700 8,290 9,350 Р 3 
Exports 145 192 16 35 26 
6,530 6,020 4,530 5,540 5,600 


Imports for consumption 


13,800 


_Importsforconsumption __ 6239 1 6270 ___ 4990 ___ I 
Consumption, apparent 15,000 13,500 12,300 | 
157 302 167 165 178 ° 


Stocks, December 31, producers 


_ Stocks, December 51, producers — — — — —  — — o 2934 _____ -- ______-__________________ 
Average annual price, free on board gulf coast? dollars per short ton 307 590 251 396 531 
Net import reliance as a percentage of apparent consumption? 43 42' 38 40 37? 
Natural gas price, wellhead, average price’ dollars per thousand cubic feet 6.25 7.97 3.67 4.48 ' 3.95 “ 


World: 
Production 
Trade® 
“Estimated. PPreliminary. ‘Revised. 
'Data are rounded to no more than three significant digits. 


Synthetic anhydrous ammonia, excluding coke oven byproduct; data are for calendar year and are from the U.S. Census Bureau unless otherwise noted. 
3Source: U.S. Census Bureau and The Fertilizer Institute; data adjusted by the U.S. Geological Survey. 


‘Calculated from production plus imports minus exports and industry stock changes. 


Source: Green Markets. 
бРейпе4 as imports minus exports; adjusted for industry stock changes. 
"Source: Monthly Energy Review, U.S. Department of Energy. 


Збошгсе: International Fertilizer Industry Association Statistics, World Anhydrous Ammonia Trade. 
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130,000 " 129,000 " 127,000 131,000 135,000 
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TABLE 2 
ANHYDROUS AMMONIA SUPPLY AND DEMAND IN THE UNITED STATES! 


(Thousand metric tons of contained nitrogen) 


2009 2010 2011 ^ 
Production: 
Fertilizer: 
January—June 3,040 3,550 4,090 
July-December 3,430 3,580 4,080 
Тога! 6,470 7,130 8,170 
Nonfertilizer: 
January—June 603 577 590 
July-December 632 585 590 
Тога! 1,240 1,160 1,180 
Grand total 7,700 8,290 9,350 * 
Exports: 
January—June 9 28 13 
July-December 7 7 13 
Total 16 35 26 
Imports for consumption: 
January—June 2,180 2,630 2,880 
July-December 2,340 2,910 2,720 
Total 4,530 5,540 5,600 
Stocks, end of period: 
January—June 201 149 170 
July-December 167 165 178 * 
Apparent consumption: — 
January-June 5,920 6,750 7,550 
July-December 6,430 7,050 7,360 
Total 12,300 13,800 14,900 


Estimated. Preliminary. 

!Data are rounded to no more than three significant digits; may not add to totals shown. 
2боигсе: U.S. Census Bureau and The Fertilizer Institute; data adjusted by the U.S. Geological 
Survey. 

3Calculated from production plus imports minus exports and industry stock changes. 


Source: U.S. Census Bureau. 


TABLE 3 
MAJOR DOWNSTREAM NITROGEN COMPOUNDS PRODUCED IN THE UNITED STATES" 


(Thousand metric tons) 
—— 
2010 20117 um 
ыы ы шын кн equ uu ee cec eal ^ = ПИ, Lr 
January-June July-December Total January-June July-December — 11— Tots — . 


| : Nitro 

Gross Nitrogen Gross Nitrogen Gross Nitrogen Gross Nitrogen Gross Nitrogen Le ee 
weight ^ content weight ^ content _ weight _ content weight ^ content weight : content eer 

1,230 2,450 1,120 5,120 2350 _ 2,340“ 1300 2,590° _ 1,190 . ЗА а 


2,680 | 
| Q 6,930 
Urea 2410 1160 3,380 1150 _ 6,790 ^ 2300 3490 1180 3450" 119 624 — 


i itrate 

Ammonium піп 790 904 6,340 987 12,100 1,890 5,770 893 5,940 U^ 
Ammonium phosp : 3 490 767 3,450 758 6,930 1,530 3,520 774 3,480 * Ин Я 
Nitric acid à 1,300 274 1,190 253 __ 2,490 527 _ 1,300 276. 1490. _ 313 бен 
Ammonium sulfate > 

:PPreliminary. Р 
Estimated Pre ieni digits; may not add to totals shown. 
!Data are rounded to по more than three significant digi y 


?Ranked in relative order of importance by nitrogen content. 
2 hosphate and monoammonium phosphate. 


ant ammonium sulfate. 


Bureau, Current Industrial Reports MQ325B and The Fertilizer Institute; data adjusted by the U.S. Geological Survey. 
Р Сепѕиѕ , 
Source. U.S. 
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TABLE 4 
DOMESTIC PRODUCERS OF ANHYDROUS AMMONIA IN 2011! 


(Thousand metric tons per year of ammonia) 


Company Location Capaci 
Agrium Inc. Borger, TX 490 
Do. Kennewick, WA? 180 
CF Industries Holdings, Inc. Donaldsonville, LA 2,490 
Do. Port Neal, IA 336 
Do. Verdigris, OK 953 
Do. Woodward, OK 399 
Do. Yazoo City, MS 454 
Coffeyville Resources Nitrogen Fertilizers, LLC Coffeyville, KS 375 
Dakota Gasification Co. Beulah, ND 363 
Dyno Nobel Inc. Cheyenne, WY 174 
Do. St. Helens, OR 101 
Green Valley Chemical Corp. Creston, IA 32 
Honeywell International Inc. Hopewell, VA 530 
Koch Nitrogen Co., LLC Beatrice, NE 265 
Do. Dodge City, KS 280 
Do. Enid, OK 930 
Do. Fort Dodge, IA 350 
Do. Sterlington, LA? 1,110 
LSB Industries, Inc. Cherokee, AL 159 
Do. Pryor, OK 210 
Mosaic Co., The Faustina (Donaldsonville), LA 508 
OCI North America Beaumont, TX? 231 
PCS Nitrogen, Inc. Augusta, GA 644 
Do. Geismar, LA? 483 
Do. Lima, OH 535 
Rentech Energy Midwest Corp. East Dubuque, IL 278 
Total 12,900 
Do. Ditto. 


'Data are rounded to no more than three significant digits; may not add to total shown. 


Engineering design capacity adjusted for 340 days per year of effective production capability. 


31де. 
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ТАВГЕ 5 
U.S. NITROGEN FERTILIZER CONSUMPTION, BY PRODUCT ТУРЕ 2 


(Thousand metric tons of nitrogen) 


Fertilizer material? 2010 ' 2011 * 
Single-nutrient: 
Anhydrous ammonia 3,010 3,120 
Nitrogen solutions* 3,120 3,230 
Urea 2,290 2,380 
Ammonium nitrate 221 229 
Ammonium sulfate 248 257 
Aqua ammonia 78 81 
Other? 448 464 
Total 9,420 9,760 
Multiple-nutrient® 1,810 1,870 
Grand total 11,200 11,600 
"Estimated. ‘Revised. 
"Data are rounded to no more than three significant digits; may not add to 
totals shown. 
*Fertilizer years ending June 30. 


*Ranked in relative order of importance by product type. 

“Principally urea-ammonium nitrate solutions, 29.9% nitrogen. 

"Includes other single-nutrient nitrogen materials, all natural organics, and 
Statistical discrepancies. 


*Various combinations of nitrogen (N), phosphate (P), and potassium (K): 
N-P-K, N-P, and N-K. 


Source: Slater, J.V. and Kirby, B.J., 2011, Commercial Fertilizers 2010: 
Columbia, MO, Association of American Plant Food Control Officials Inc. 
Fertilizer/Ag Lime Control Service, University of Missouri, 42 p. 
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TABLE 6 
U.S. PRODUCER STOCKS OF FIXED NITROGEN 
COMPOUNDS AT END OF PERIOD 


(Thousand metric tons of contained nitrogen) 


Material! 2010 2011 

Ammonia: 

January-June 149 170 

July-December 165 178 ° 
Nitrogen solutions:” 

January-June 93 121 

July-December 111 NA 
Urea: 

Јапџагу—Јипе 37 МА 

July—December W NA 
Ammonium phosphates: 

January—June 53 ^ МА 

July-December W NA 
Ammonium nitrate: 

January-June 24 22 

July-December 36 NA 
Ammonium sulfate: 

January-June 44 38 

July-December 16 NA 
Yearend total 328 NA 


*Estimated. NA Not available. W Withheld to avoid disclosing 


company proprietary data. 
"Ranked in relative order of importance. 


*Urea-ammonium nitrate and ammoniacal solutions. 


?Diammonium and monoammonium phosphates. 
^Diammonium phosphates data withheld. 
Calendar year ending December 31. 


Source: U.S. Census Bureau, Current Industrial Reports 


MQ325B. 


TABLE 7 


PRICE QUOTATIONS FOR MAJOR NITROGEN COMPOUNDS AT END OF PERIOD 


2010 
Compound June June December 

Ammonium nitrate, free on board (f.o.b.) corn belt! 305—325 350—385 375 395—400 
Ammonium sulfate, f.o.b. corn belt’ 230-250 360—380 365-375 
Anhydrous ammonia: 

F.o.b. corn belt! 380—455 625-685 670-710 

F.o.b. gulf coast" 420 612 
Diammonium phosphate, f.o.b. central Florida 395—400 540-550 | 540—575 
Urea: 

F.o.b. com belt,' prilled and granular 280—310 440—450 410-450 

F.o.b. gulf coast, granular 240-253 422-435 360-375 
Milinois, Indiana, Iowa, Missouri, Nebraska, and Ohio. 


(Dollars per short ton) 


Barge, New Orleans, LA. 


Source: Green Markets. 
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TABLE 8 
U.S. EXPORTS OF ANHYDROUS AMMONIA, BY COUNTRY! 


(Thousand metric tons of ammonia and thousand dollars) 


2010 2011 
Country Gross weight Value? Gross weight Value? 
Belgium 2 565 | 185 
Сапада 15 7,510 21 12,000 
Chile 21 7,910 -- -- 
Korea (3) 47 4 1,080 
Taiwan (3) 45 2 323 
Other 5 2,030 4 1,780 
Total 43 18,100 32 15,300 


-- Zero. 

‘Data are rounded to no more than three significant digits; may not add to totals shown. 
^ Cost, insurance, and freight value. 

"Less than % unit. 


Source: U.S. Census Bureau. 


TABLE 9 
U.S. IMPORTS OF ANHYDROUS AMMONIA, BY COUNTRY’ 


(Thousand metric tons of ammonia and thousand dollars) 


2010 2011 
Country Gross weight Value? Gross weight Value? 

Canada 1,010 451,000 1,160 687,000 
Egypt 90 40,100 162 86,400 
Estonia 46 19,600 109 62,900 
Latvia 76 33,600 38 17,300 
Russia 281 105,000 546 312,000 
Saudi Arabia -- -- 57 40,800 
Trinidad and Tobago 4,450 1,670,000 3,770 2,030,000 
Ukraine 479 196,000 588 342,000 
Venezuela 88 32,300 234 131,000 
Other 220 91,100 142 87,000 

Total 6,740 2,640,000 6,810 3,790,000 
— Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
*Cost, insurance, and freight value. 


Source: U.S. Census Bureau. 


TABLE 10 
U.S. EXPORTS OF MAJOR NITROGEN COMPOUNDS! 


(Thousand metric tons) 


ПР 
2010 2011 
Gross Nitrogen Gross Nitrogen из ЖЕК 
Compound weight ^ content weight ^ content Principa — tions In 20 _____---- 
i itrate? 355 120 315 107 Mexico, 50%; Canada, ; 
EAE -— 938 199 1,050 222 Brazil, 4496; Peru, ! 1%; Сапада, ie 
Anhydrous ammonia 43 35 32 26 Canada, 67%; кере оЁ Когеа, : 
Diammonium phosphate 4,090 736 3,940 708 India, 53%; Brazil, 8%. РИЧЕ" 
Monoammonium phosphate 2,330 256 2,710 298 Canada, 33%; Brazil, 3 i 8 , 
Urea 152 70 207 95 Canada, 57%; Chile, 32%. 
Total 7,910 1,420 8,250 1,460 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
*Includes industrial chemical products. 


Source: U.S. Census Bureau. ҮЕ ARBOOK-? 
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2010 2011 
Gross Nitrogen Nitrogen 
Compound weight ^ content Value? content Value? Principal sources in 2011 
Ammonium nitrate? 576 195 151,000 634 215 180,000 Canada, 61%; Georgia, 17%. 
Ammonium nitrate and 103 28 26,200 74 20 22,900 Netherlands, 36%; Ukraine, 22%; Russia, 18%; 
limestone mixtures Turkey, 13%; Lithuania, 10%. 
Ammonium sulfate” 357 76 66,100 300 64 68,200 Сапада, 86%. 
Anhydrous ammonia* 6,740 5,540 2,640,000 6,810 5,600 3,790,000 Trinidad and Tobago, 55%; Canada, 17%. 
Calcium nitrate 34 6 4,530 34 6 6,160 Norway, 73%; Colombia, 16%. 
Diammonium phosphate 190 34 101,000 260 47 155,000 Russia, 41%; Morocco, 34%; Lithuania, 12%. 
Monoammonium phosphate 263 29 146,000 66 377,000 Russia, 69%; Canada, 13%; Morocco, 13%. 
Nitrogen solutions 2,210 660 504,000 1,050 1,130,000 Trinidad and Tobago, 26%; Russia, 17%; мин 16%; 
Lithuania, 13%; Romania, 13%. 
Potassium nitrate 77 11 45,700 16 77,400 Chile, 84%. 
Potassium nitrate and sodium (5) (5) 250 (5) 998 Canada, 42%; Brazil, 36%; Chile, 17%. 
nitrate mixtures 
Sodium nitrate 73 12 22,800 15 29,800 Chile, 86%; Germany, 9%. 
Urea 6,630 3,040 2,220,000 2,690 2,690,000 Canada, 27%; Saudi Arabia, 10%. 
Total 17,300 9,640 5,930,000 9,780 8,530,000 


(Thousand metric tons and thousand dollars) 


TABLE 11 
U.S. IMPORTS OF MAJOR NITROGEN COMPOUNDS' 


‘Data are rounded to no more than three significant digits; may not add © totals shown. 
"Cost, i insurance, and freight value. 
*Includes industrial chemical products. 
“Includes industrial ammonia. 
*Less than % unit. 


Source: U.S. Census Bureau. 


AMMONIA: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons, contained nitrogen) 


TABLE 12 


Country 2007 2008 2009 2010 2011 
Afghanistan 16° 18 "3 22 53 27 "3 28 
Albania sat ae "E LT МА 
Algeria 524 500 614 600 ' 600 
Argentina 726 726 570 600 600 
Australia 1,200 1,200 1,200 1,200 1,200 
Austria 380 ' 400 370° 400 € 400 
Bahrain 344 3 350 350 356° 350 
Bangladesh* 1,300 1,300 1,300 1,300 1,300 
Belarus 830 805 3 750 800 820 
Belgium 850 850 850 850 850 
Bosnia and Herzegovina -- ' =F Sait = = 
Brazil 950 950 950 950 950 
Bulgaria 350° 350 ' 320° 320 ' 320 
Burma 30 30 30 30 30 
Canada? 3,688 ' 3,920 ' 3,611 € 3,620 ' 3,946 P 
China? 42,480 41,140 42,290 40,870 41,740 
Croatia 320 320 320 300 300 
Cuba 47 3 42 27 27 27 
Czech Republic 225 200 200 200 200 
Denmark 2 2 2 2 2 
Egypt 1,750 1,750 2,000 3,000 3,000 
Estonia 170 170 170 170 170 
Finland 62 62 62 60 60 
France 800 800 800 800 800 
Georgia 150 150 150 150 150 
Germany’ 2,746 2,819 2,363 2,677 € 2,820 
Greece 130 130 125 120 120 
Hungary 300 300 300 300 300 


See footnotes at end of table. 
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(Thousand metric tons, contained nitrogen) 


Country 
India? 
Indonesia 
Iran 
Iraq 
Italy 
Japan 
Korea, North 
Kuwait 
Ly?) — 00 0 00 0 0 
Lithuania 
Malaysia 
Mexico 
Netherlands 
New Zealand 
Norway 
Oman 
Pakistan 
Peru 
Poland 


Portugal 


Qatar 
Romania 
Russia 


Saudi Arabia 


Serbia 

Slovakia 

South Africa 

Spain 

Switzerland 

Syria 

Taiwan 

Tajikistan 

Trinidad and Tobago 
Turkey 
Turkmenistan 
Ukraine 

United Arab Emirates 
United Kingdom 
United States? 
Uzbekistan 
Venezuela 

Vietnam 


Zimbabwe ___ _________ 
Total 


PPreliminary. ‘Revised. -- Zero. 


! World totals, U.S. data, and estimated data have been rounded to n 
?Table includes data available through June 24, 2012. 


Reported figure. 
‘May include nitrogen content of urea. 
5Data are for years beginning April 1 of that stated. 


S6synthetic anhydrous ammonia; excludes coke oven byproduct ammonia. 


2007 
11,000 
4,400 
2,000 
10 
460 
1,114 3 
100 
485 
523 
936 3 
960 
714 3 
1,800 
125 
350 
1,000 
2,250 
5 
1,995 3 
244 
1,500 
1,300 
10,500 
2,600 
85 
260 
480 
400 
32 
120 
12 
25 
5,129 3 
zig 
270 
4,200 
380 
1,050 
8,540 
1,000 
1,160 
300 
35 


130,000 " 


TABLE 12 —Continued 
AMMONIA: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


2008 
11,100 
4,500 
2,000 
10 
460 
1,244 ? 
100 
485 
417 
950 
950 
826 ? 
1,800 
125 
350 
1,000 
2,300 
5 
1,995 ? 
244 
1,600 
1,300 
10,425 ? 
2,600 
47 
260 
480 
400 
32 
120 
12 
25 
5,130 
50 
270 
4,000 
380 
1,100 
7,870 
1,000 
1,160 
300 
20° 


129,000 * 
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2009 
11,200 
4,600 
2,000 
30° 
460 
1,021 3 
100 
470 
530° 
950 
950 
895 3 
1,800 
125 
350 
1,000 
2,350 ' 
5 
1,697 3 
244 
1,700 
1,100 
10,441 ? 
2,600 
53 
260 
430 
400 
32 
210 
12 
20 
4,946 3 
100 
270 
2,500 
380 
1,100 
7,700 
1,000 
1,160 
300 
14° 


127,000 


о more than three significant digits; 


2010 
11,500 
4,800 
2,500 
126 "3 
460 
1,178 "3 
100 
480 
475 ' 
950 
950 
826 3 
1,800 
125 
350 
1,119 73 
2,400 
5 
1,700 73 
244 
1,885 "3 
1,100 
10,400 
2,600 
84 ' 
260 
450 
400 
32 
170" 
12 
20 
5,553 "3 
100 
270 
3,400 
392 ' 
1,100 
8,290 
1,000 
1,160 
300 
29° 


131,000 
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2011 
11,800 
5,000 
2,500 
130 
460 
1,200 
100 
480 


30 


—— 


135,000 


may not add to totals shown. 
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Domestic survey data and tables were prepared by Shonta Е. Osborne, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


In 2011, peat produced in the conterminous United States 
was 568,000 metric tons (t); output from Alaska was estimated 
to be 61,500 cubic meters (L.A., Harbo, mineral specialist, 
Alaska Office of Economic Development, oral c ommun., 
September 5, 2012). World peat production for 2011 was 
estimated to be 26.3 million metric tons (Mt). The leading 
peat-producing countries were Finland, Ireland, Germany, 
Belarus, Sweden, Russia, Canada, and Latvia, in decreasing 
order of tonnage (table 9). 

The United States was a significant producer and consumer of 
peat for horticultural and industrial purposes. The types of peat 
are Classified according to the degree of decomposed component 
plant material, with sphagnum moss being the least decomposed 
followed by hypnum moss, reed-sedge, and humus. 

Reed-sedge accounted for 85% of domestic peat production, 
followed by sphagnum moss with 10%; hypnum moss with 4%; 
and humus with 1% (table 4). Florida, with 449,000 t, accounted 
for 79% of U.S. peat production (table 3). 

Peat is a natural organic material of botanical origin and 
commercial significance. Peatlands are situated in wetland 
areas, primarily in the temperate and cold belt of the Northern 
Hemisphere, where large peat deposits developed from 
the gradual decomposition of plant matter under anaerobic 
conditions. The United States contains approximately 15% 
of the world’s peatlands by area (Lappalainen, 1996, p. 55). 
There are more than 400 million hectares (Mha) of peatlands on 
Earth, of which 80% remains undisturbed. Of the 80 Mha that 

have been used by humans, 50% has been used for agriculture; 
30%, for forestry; 10%, for miscellaneous uses; and 10%, for 
peat extraction. Peat continues to accumulate on 55% of global 
peatlands; however, the volume of global peat resources has 
been decreasing at a rate of 0.05% per year owing to human 

activity (Joosten and Clarke, 2002, р. 32—33). 


Production 


Domestic production data for peat were developed by the U.S. 

Geological Survey from a voluntary canvass of operations in 
the conterminous United States. Of the 39 operations to which 

a survey request was sent, 33 responded. Of the respondents, 29 
were active operations, 3 were idle, and 1 closed in 2011. Data 
for nonrespondents were estimated based on responses to the 
2010 survey or other sources. Most peat operations are relatively 
small (producing less than 5,000 metric tons per year) and sell 
their products regionally. Peat production in the conterminous 
United States in 2011 was 568,000 t, about a 10% decrease from 
that of 2010 (table 1). In 2011, 74% of domestic production 
came from just five operations (table 2). In all regions of the 
United States, peat production was reported to have decreased 
(table 3). Output from Alaska was estimated to be 61,500 

cubic meters in 2011, according to the Alaska Department 
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of Natural Resources, which conducted its own survey of 
mineral production in the State (L.A., Harbo, mineral specialist, 
Alaska Office of Economic Development, oral commun., 
September 5, 2012). Peat production in Alaska was reported by 


volume only. 


Consumption 


Peat is widely used as a plant-growth medium in a variety 
of agricultural and horticultural applications where its fibrous 
structure and porosity enable a unique combination of optimum 
water-retention and drainage characteristics. Commercial 
applications include lawn and garden soil amendments, potting 
soils, and turf maintenance on golf courses. In industry, peat is 
used primarily as a filtration medium to remove toxic materials 
from process waste streams, pathogens from sewage effluents, 
and deleterious materials suspended in municipal storm-drain 
water. In its dehydrated form, peat is a highly effective 
absorbent for fuel and oil spills on land and water. 
Sales of domestic peat decreased slightly to 595,000 t in 2011 
from 605,000 t in 2010. Packaged products composed 11% of 
total domestic sales tonnage and commanded premium prices 
for all grades of peat. Apparent consumption was estimated to 
be 3% lower than that of 2010. Potting soil and general soil 
improvement mixes were the two leading usage categories, 
accounting for 72% of domestic sales tonnage and 70% of the 
volume (table 5). Other significant uses, by quantity of sales, 
included golf course applications, nursery applications, and 
seed inoculants. The United States imported 65% of its total 
consumption requirements, primarily from Canada, where 
deposits of high-quality sphagnum moss are extensive. Canadian 
peat was sold in bulk for blending in custom soil mixes and was 
packaged for horticultural use; however, a detailed distribution 
of Canadian imports was not available. Many of the soil 
blending facilities in the southern and western United States are 
owned by subsidiaries of Canadian peat producers and import 
much of their peat requirements. 


Stocks 


U.S. yearend stocks of peat increased by 33% to 133,000 t 
in 2011 from 100,000 t in 2010 (table 1). Reed-sedge peat 
accounted for 66% of total stocks, followed by sphagnum moss, 
hypnum moss, and humus (table 4). 


Prices 


The total reported free on board (f.o.b.) value for domestic 
peat sold in the United States was about $14 million, according 
to the annual survey of domestic peat producers. The average 
unit value decreased by 796 to $22.73 per metric ton compared 
with $24.39 per ton in 2010 (table 1). On an average unit-value 
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basis, sphagnum moss was valued at $52.59 per ton, f.o.b. plant; 
hypnum moss, $33.56 per ton; humus, $21.04 per ton; and 
reed-sedge, $19.92 per ton (table 7). 


Foreign Trade 


U.S. companies exported 49,000 t of peat (table 1). Imports 
of peat increased by about 496 to 982,000 t from 947,000 t 
in 2010 (tables 1 and 8). The total customs import value was 
$228 million or $231.82 per ton. Imports of peat (sphagnum 
moss) from Canada increased to 954,000 t, which represented 
97% of total United States imports and 85% of total Canadian 


production. 


World Review 


Finland, Ireland, Germany, Belarus, Sweden, Russia, Canada, 
and Latvia were the leading peat-producing countries, in 
decreasing order of tonnage (table 9). World peat production for 
2011 was estimated to be 26.3 Mt, slightly higher than that of 
2010. Other significant producing countries included Estonia, 
Poland, and the United States. Peat is an important source of 
energy in Finland, Ireland, and Sweden and to a lesser extent in 
Eastern Europe. 

Canada.—Production of peat (sphagnum moss) was 
estimated to have decreased to 1.12 Mt in 2011 from 1.26 Mt 
in 2010. New Brunswick, Quebec, Manitoba, and Alberta were 
the major producing provinces, in decreasing order of tonnage, 
accounting for about 95% of production. British Columbia, 
Newfoundland, Nova Scotia, Ontario, Prince Edward Island, 
and Saskatchewan also reported peat production (Natural 
Resources Canada, 2012). Heavy rainfall during the summer 
resulted in the decrease of peat harvesting in eastern Canada. 

The Government of Canada granted the Québec Peat 
Moss Producers Association (APTHQ) about CAN$250,000 
to implement a project aimed at developing and testing 
rehabilitation and restoration techniques for peatlands at the 
end of production. APTHQ would spend 2 years collaborating 
with eight sphagnum peat moss producers to develop techniques 
for restoring and rehabilitating peatlands (Québec Peat Moss 
Producers Association, 2011). 

Russia.—In July, the Russian and German Governments 
agreed to the Russian peatland restoration project (PeatRus). 
This project had financing through Germany's International 
Climate Initiative and the political backing of the Russian 
Government. The goal of the project was to reflood 35,000 
hectares of dried-out peat bogs and reduce carbon dioxide 


emissions from them (Pearce, 2011). 
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Outlook 


The domestic short-term peat situation will likely include 
steadily increasing Canadian imports and fluctuating domestic 
peat production. The number of domestic producers likely 
will continue to decline and remain dominated by large 
companies. Other factors, such as competition from organic 
soil amendments like coir (coconut fiber) and composted yard 
waste, Federal and State wetlands regulations, and restrictions 
on permitting new production sites likely will reduce or slow the 
growth of the domestic peat industry. Also, peatlands have been 
identified as carbon sinks, storing more carbon dioxide per uni 
hectare than any other ecosystem. Preservation of peatlands may 
become a high priority in the efforts to reduce greenhouse gas 
emissions. 


References Cited 


Joosten, Hans, and Clarke, Donal, 2002, Wise use of mires and peatlands: 
Jyvaskyla, Finland, International Peat Society, 304 p. 

Lappalainen, Eino, 1996, Global peat resources: Jyvaskyla, Finland, 
International Peat Society, 368 p. | 

Natural Resources Canada, 2012, Preliminary estimate of the mineral production | 
of Canada, by Province, 2011: Natural Resources Canada, August, 6p. 
(Accessed August 20, 2012, at http://mmsd.mms.nrcan.ge.ca/stat-stal 
prod-prod/ann-ann-eng.aspx.) 

Pearce, Fred, 2011, The big payback from bringing back peat bogs: Yale 
Environment 360, September 26. (Accessed September 7, 2012, at [р 
e360.yale.edu/feature/the_big | payback from bringing back | peat. 
bogs /2445/.) 

Québec Peat Moss Association, 2011, Governme ip 
the Québec Peat Moss Producers Association: Québec Peat Moss Association 
industry news, January 31, 1 p. (Accessed September 9, 2012, at http:!/ 
www.tourbehorticole.com/en/news/details.php?id-241.) 


nt of Canada grants $248,920t0 


GENERAL SOURCES OF INFORMATION 


U.S. Geological Survey Publications 


ual. 


Peat. Ch. in Mineral Commodity Summaries, annual. 
fessional 


Peat. Ch. in United States Mineral Resources, Pro 
Paper 820, 1973. 


Other 


Peat. Ch. in Mineral Facts and Problems, U.S. Bureau of Mines 


Bulletin 675, 1985. 
Peat Industry Review 2008. New 
Natural Resources, Minerals & 


Branch. | | 
Peatlands International. International Peat Society, 


Peat News. International Peat Society, monthly. 


Brunswick Department of 
Petroleum Development 


semiannual. 


E 
2 ARBOOK 
U.S. GEOLOGICAL SURVEY MINERALS YE 


TABLE 1 


ШУ SALIENT PEAT STATISTICS! 
E ia (Thousand metric tons and thousand dollars unless otherwise specified) 
SERES 
UEM 2007 2008 2009 2010 2011 
prt United States:” 
rials Number of active producers 38 37 38 37.* 36 
» Production 635 615 609 628 568 
DNN Sales by producers: 
ART Quantity: 
sya Bulk 590 546 559 554 535 
ттл РасКаред 104 102 85 51 60 
js Total 694 647 644 605 595 
"ín Value 17,700 17,100 15,000 14,800 13,500 
= Average value dollars per metric ton 25.59 26.42 23.24 24.39 22.13 
Average value, bulk do. 24.69 24.73 22.06 24.28 22,12 
Average value, packaged or baled do. 30.64 36.24 31.01 26.48 28.14 
Exports 56 57“ 77 69 49 
Imports for consumption 977 936 906 947 982 
220 Consumption, apparent" 1,590 1,440 1,440 1,560 1,500 
" Stocks, December 31, producers’ 98 152 149 100 133 
vin World, production 31,500 * 28,200" 25,900" 25,700' 26,300* 
| "Estimated. ‘Revised. do. Ditto. 
ins 'Data are rounded to no more than three significant digits, except average values per metric ton. 
as Excludes Alaska. 
| Збошгсе: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
ia *Apparent consumption equals U.S. production plus imports minus exports plus adjustments for industry stock changes. 
«4 
Ld 
i 
Мі 
PA 
J 
\ 
n TABLE 2 
és RELATIVE SIZE OF PEAT OPERATIONS IN THE UNITED STATES! 
Production 
Size Active operations (thousand metric tons) 
(metric tons per year) 2010 2011 2010 2011 
» 23,000 and more 6 5 495 420 
9,000 to 22,999 | 6 6 85 93 
5,000 to 8,999 4 5 25 35 
i" 1,000 to 4,999 7 6 17 15 
v Less than 1,000 14' 14 7 4 
Total 37 : 36 628 568 
J ‘Revised. 
| "Раја are rounded to no more than three significant digits; may not add to 


totals shown. 
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TABLE 3 


U.S. PEAT PRODUCTION AND SALES BY PRODUCERS IN 2011, BY STATE! 
ППИ И a НЕ НЕ ___-__--__ 
MEME. Не ЕК 


Аснуе Production Quantity Value? Percentage 
Region and State operations (metric tons) (metric tons) (thousands) packaged 
East: 
Florida 7 449,000 494,000 $9,370 3 
Other? 9 24,900 20,600 1,130 39 
Total or average 16 474,000 515,000 10,500 3 
Great Lakes: 
Minnesota 9 59,000 44,200 2,490 47 
Other 8 33,200 34,500 479 72 
Total or average 17 92,100 78,700 2,970 58 
West! 3 1,130 1,500 58 " 
Grand total or average 36 568,000 595,000 13,500 11 
-- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
?vValues for free on board producing plant. 

3includes Maine, New Jersey, New York, and Pennsylania. 

*Includes Illinois, Indiana, Michigan, and Ohio. 

5Includes Iowa, Washington, and Wisconsin. 


TABLE 4 
U.S. PEAT PRODUCTION AND PRODUCERS' YEAREND STOCKS 
IN 2011, BY TYPE 


oe SS 
Yearend 


Active Production? Percentage of stocks? 
Type operations! (metric tons) ^ production (metric tons) 
Sphagnum moss 9 54,400 10 23,300 
Hypnum moss 4 21,200 4 16,300 
Reed-sedge 17 484,000 85 87,900 
Humus 6 8,120 | 5,760 
Total? 36 568,000 100 133,000 
ISome plants produce multiple types of peat. 
?Data are rounded to no more than three significant digits. 
*May not add to totals shown. 
| 
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Use 
Earthworm culture medium 
General soil improvement 
Golf courses 
Ingredient for potting soils 
Mixed fertilizers 
Nurseries 


Packing flowers, plants, shrubs, etc. 


Seed inoculant 
Vegetable growing 
Other 

Total 


Earthworm culture medium 
General soil improvement 
Golf courses 

Ingredient for potting soils 
Mixed fertilizers 

Nurseries 


Packing flowers, plants, shrubs, etc. 


Seed moculant 
Vegetable growing 
Other 

Total 


TABLE 5 
U.S. PEAT SALES BY PRODUCERS IN 2011 BY TYPE AND USE! 


Hypnum moss 


Sphagnum moss 
Quantity 

Weight ^ Volume? 

(metric (cubic Value 
tons) meters) (thousands) 
27,800 204,000 $1,270 

W W W 
4,170 17,000 307 
W W W 
W W W 
48,800 332,000 2,560 
Reed-sedge 
Quantity 

Weight Volume 

(metric (cubic Value 
tons) meters) (thousands) 

W W W 
55,800 126,000 $763 
6,070 28,100 585 
335,000 749,000 6,230 
W W W 
3,680 17,400 W 
W W W 

W W W 
534,000 1,220,000 10,400 


Quantity 
Weight Volume 
(metric (cubic Value 
tons) meters) (thousands) 
W W W 
2,190 4,400 $76 
W W W 
W W W 
32 100 2 
5,130 10,000 172 
Total 
Quantity 
Weight Volume 
(metric (cubic Value 
tons) meters) (thousands) 
W W W 
85,800 334,000 $2,110 
6,070 28,100 585 
342,000 772,000 6,670 
W W W 
3,710 17,500 W 
W W W 
2,680 W 55 
W W W 
W W W 
595,000 1,570,000 13,500 


W Withheld to avoid disclosing company proprietary data; included in "Total". -- Zero. 

Раја are rounded to no more than three significant digits; may not add to totals shown. 
?Volume of nearly all sphagnuni moss was measured after compaction and packaging. 

?Total includes humus; individual data withheld to avoid disclosing company proprietary data. 


Bulk 


Packaged 
Bulk and packaged 


-- Zero. 


TABLE 6 
AVERAGE DENSITY OF DOMESTIC PEAT SOLD IN 2011 


(Kilograms per cubic meter)! 


Sphagnum Hypnum Reed- 


moss moss sedge Humus 
241 670 573 776 
146 -- 583 736 
192 670 574 770 


'To convert kilograms per cubic meter to pounds per cubic yard 
multiply by 1.685. 
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TABLE 7 
PRICES FOR PEAT IN 2011' 
(Dollars per unit) 
Sphagnum Hypnum Reed- 
moss moss sedge Humus Average 
Domestic: 
Bulk: 
Per metric ton 48.08 33.56 20.50 17.68 2212 
Per cubic meter 11.56 22.50 11.75 13.72 11.83 
Packaged or baled: 
Per metric ton 59.63 -- 12.76 39.35 28.14 
Per cubic meter- 8.69 -- 7.43 28.98 8.43 
Average: 
Per metric ton 52.59 33.56 19.92 21.04 22,73 
Per cubic meter 10.09 22.50 11.44 16.19 11.26 
Imported, total, per metric ton xx. XX XX XX 231.82 
XX Not applicable. -- Zero. 
'Prices are free on board plant. 
? Average customs value. 
TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF PEAT, BY COUNTRY’ 
2010 2011 aT 
Quantity Value? Quantity Value? 
Country (metric tons) (thousands) (metric tons) (thousands) 
Belgium 911 $208 ' 120 $10 
Canada 921,000 215,000 * 954,000 219,000 
Chile 142 103 * 22 70 
Estonia 1,570 387" 5,340 1,370 
Finland 469 175^ 265 113 
Germany 439 100 ' 571 133 
India 431 157 170 93 
Ireland 1,900 565 ' 1,330 440 
Latvia 16,800 35,570 * 16,700 4,970 
Lithuania 158 34 ' 303 70 
Netherlands 1,380 409 ' 1,160 322 
New Zealand 138 49 ' 1,120 65 
Norway 361 1,630 ' 8s s 
Sweden 1,220 467 ' 1,040 390 
United Kingdom 190 76 ' oe = 
Other 196 149 € 176 100 
Total 947,000 225,000 982,000 228,000 


"Revised. -- Zero. 


!Data are rounded to no more than three significant digits; may not add to 


totals shown. 
^Customs value. 


Source: U.S. Census Bureau. 
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Country? 
Argentina, horticultural use 
Australia" 
Belarus: 
Horticultural use 
Fuel use 
Total 
Burundi, fuel use 
Canada, horticultural use 
Denmark, horticultural изе" 
Estonia: 
Horticultural use 
Fuel use 
Total 
Finland: 
Horticultural use 
Fuel use 
Total 
France, horticultural изе“ 
Germany, horticultural use 
Hungary, horticultural изе“ 
Ireland: 
Horticultural use* 
Fuel use 
Total 
Latvia, horticultural and fuel uses 


Moldova, fuel use” 
New Zealand, horticultural use? 
Norway, horticultural use 
Poland, horticultural and fuel uses 
Russia, horticultural and fuel uses 
Зрат“ 
Sweden: 
Horticultural use 
Fuel use 
Total 
Ukraine, horticultural and fuel uses 
United Kingdom 
United States, horticultural use 
Grand total 
Of which: 
Horticultural use 
Fuel use 
Unspecified 
“Estimated. PPreliminary. ‘Revised. 


TABLE 9 
PEAT: WORLD PRODUCTION, BY COUNTRY"? 


Lithuania, horticultural and fuel uses 307 


(Thousand metric tons) 
2007 2008 2009 2010 2011° 
14 12° 8" 6" 7 
7 7 7 7 7 
318 °° 395 ^* 272 242 230 
2,502 ' 2,361 ' 2,216 2,352 2,500 
2,820 ' 2,756 ' 2,488 2,593 2,730 
7 10 11 13 ' 15 
1,282 1,151 1,131 1,262 УУДА 

213 * 128 128 128 128 
964 705 110 361 360 
475 213 419 604 600 
1,439 919 529 965 960 
8,671 6,933 5.576 5.580 * 5,580 
1,145 1,552 876 880 * 880 
9,816 8,485 6,452 6,460 * 6,460 
200 200 200 200 200 

3,064 ' 2,826 ' 3,085 ' 2,868 ' 2,934 * 
90 90 90 107 ^ 100 
500 500 500 500 500 
2,700 3,000 2,800 2,800 * 2,800 
3,200 3,500 3,300 3,300 * 3.300 
1,000 * 1,000 1,164 694 ' 1,120 
521 543 327 326 
475 475 475 475 475 
27 27 26 26 26 
140 438 440 * 440 * 425 
641 632 594 672 670 
1,300 1,300 1,300 * 1,300 * 1,650 
60 60 60 60 60 
1,500 1,130 1,230 1,230 1,230 
2,640 1,320 1,320 1,320 1,320 
4,140 2,450 2,550 2,550 2,550 

595 ' 558 ' 691 597 * 454 * 
| | 1° 1 1 

635 615 609 628 568 ^ 
31,500 ' 28,200 ' 25,900 ' 25,700 ' 26,300 
17,600 ' 15,100 ' 13,400 ' 13,600 * 13,400 
9,940 ' 8,930 ' 8,120 8,440 8,590 
3,910 ' 4,080 ' 4,360 3,660 ' 4,290 


'World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
“Table includes data available through July 8, 2012. One cubic meter equals 0.8806 metric ton. 
*In addition to the countries listed, Austria, Chile, Iceland, Italy, and Romania produced negligible amounts of peat. 


“Reported figure. 
*Fiscal year data. | 
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PERLITE 


By Wallace P. Bolen 


Domestic survey data and tables were prepared by Joseph M. Krisanda, industry data analyst, and the world production 
table was prepared by Glenn J. Wallace, international data coordinator. 


In 2011, the amount of domestic processed crude perlite 
sold or used and the amount of expanded perlite sold or used 
increased slightly compared with those of 2010. Compared with 
2009, the lowest level of domestic production since 1964, the 
amount of processed crude perlite sold or used increased by 
about 21% in 2011. Domestic production of processed crude 
perlite was 420,000 metric tons (t), up from 414,000 t in 2010. 
Although continuing to improve, the 475,000 t of expanded 
perlite sold or used in 2011 remained below the peak levels seen 
in 2004 and 2005. 

During 2011, imports of processed crude perlite increased 
by 11% to 193,000 t compared with those of 2010. This second 
consecutive year of increased perlite imports followed 3 
consecutive years with declining imports after a record-high 
import level in 2006. Exports of crude processed perlite were 
estimated to have been about 36,000 t in 2011, decreasing by 
about 14% compared with those of 2010. Trade data in this 
report are from the U.S. Census Bureau and PIERS, a U.S. trade 
database compiled by the Journal of Commerce. Percentages in 
this report were computed using unrounded data. 


Production 


Domestic production data for perlite were compiled by the U.S. 
Geological Survey (USGS) from two voluntary annual surveys— 
one for domestic mine operations (processed crude perlite) and 
one for expanding plants. The expanding plants used domestic 
and imported processed crude perlite. The processed crude perlite 
in table 1 was produced by seven companies with nine mines, 
eight of which responded to the USGS survey, representing more 
than 99% of the processed crude perlite sold or used in 2011. 
One of the mines was inactive and was shipping from stockpiled 
perlite that was mined prior to 2011. According to data collected 
by the USGS, the 420,000 t of U.S.-processed crude perlite sold 
or used in 2011 was valued at $23.6 million. This was a slight 
increase in tonnage but a 9.4% increase in value compared with 
that of 2010. The 475,000 t of expanded perlite sold or used by 
domestic producers was valued at $140 million. Total expanded 
perlite sold and used was nearly unchanged, and the value 
decreased slightly compared with those of 2010 (table 1). 

The processed crude perlite reported in table 1 was mined in 
Arizona, California, Idaho, Nevada, New Mexico, and Oregon. 
The mines in Arizona, New Mexico, and Oregon accounted for 
most of the tonnage mined. Ore producers were, in alphabetical 
order by State, Harborlite Corp. in Arizona and New Mexico; 
American Perlite Co. in California; Idaho Minerals, LLC in 
Idaho; EP Minerals, LLC and Wilkins Mining and Trucking, 
Inc. in Nevada; Dicaperl Minerals Corp. in New Mexico; and 
Cornerstone Industrial Minerals Corp. in Oregon. 

Perlite was expanded at 50 plants throughout the United 
States. In addition, three plants were reported as idle, including 
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two of the larger expanding plants owing to a lower than 
average demand for construction-related products. Production 
was consolidated at other locations until demand increases. 

One perlite expander in New Jersey came back online after 

the company rebuilt after a fire that had destroyed much of 

the facility in 2009. Of the 50 active plants, 25 plant operators 
responded to the USGS survey, representing about 77% of the 
total expanded perlite sold or used. Production information 

for nonresponding companies was estimated using previously 
reported data, with adjustments based on currently reported 
production trends. The top seven producers of expanded perlite, 
each with production of more than 20,000 metric tons per year, 
accounted for about 81% of the expanded perlite sold or used in 
the United States in 2011. The remaining 19% was produced by 
20 companies. | 


Consumption 


In 2011, domestic apparent consumption of processed 
crude perlite was 577,000 t, a 6% increase compared with 
that of 2010. The 577,000 t was about equal to the apparent 
consumption of 1992, the year the industry began to see 
improved sales after the recessionary year of 1991 when 
apparent consumption was only 544,000 t. 

Expanded perlite consumed for construction-related uses, 
the major market for expanded material, was about 259,000 t, 
essentially unchanged from that of 2010. Construction uses of 
expanded perlite, which consisted of concrete aggregate, formed 
products, masonry- and cavity-fill insulation, and plaster aggregate, 
accounted for about 54% of total domestic sales of expanded perlite 
in 2011. Expanded perlite consumption increased in five markets, 
with the most pronounced increases by percentage reported for the 
filter aid and plaster aggregate markets (table 3). Expanded perlite 
consumption decreased significantly in three of the smaller markets: 
concrete aggregate, high-temperature insulation, and masonry- and 
cavity-fill insulation. 

Perlite was expanded, usually for local consumption, in 
27 States. The leading States in production of expanded perlite 
sold or used were, in descending order, Illinois, Georgia, 
Pennsylvania, Minnesota, Mississippi, Michigan, Oregon, 
California, and Florida. The amount of expanded perlite sold 
or used by State was listed for those States with three or more 
companies expanding in each State; for other States, individual 
data were withheld to avoid disclosing company proprietary 
data (table 2). 


Prices 


Processed crude perlite was sold at an average value of 
$55 per metric ton, which. was а 7% increase compared with 
that of 2010. Perlite consumed by expanding plants operated 
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by the mining companies was valued at $58 per ton, which was 
a 9% increase compared with that of 2010. The average value 
for all perlite sold or used by mining companies was $56 per 
ton, which was an 8% increase compared with that of 2010. 
The average value of expanded perlite was $295 per ton, down 
by 3% from $304 per ton in 2010. The range in reported prices, 
however, was wide—from about $125 per ton to more than 
$1,000 per ton. 

The average value of expanded perlite by use was, in 
descending order, low-temperature insulation, $601 per ton; 
masonry- and cavity-fill insulation, $461 per ton; horticultural 
aggregate, $457 per ton, fillers, $429 per ton; filter aid, $429 per 
ton; concrete aggregate, $380 per ton; plaster aggregate, 
$338 per ton; high-temperature insulation, $260 per ton; and 


formed products, $178 per ton (table 3). 


Foreign Trade 


The U.S. Bureau of Census reports perlite and vermiculite in a 
combined category. Because of this, the exact amounts of perlite 
exports and imports are not available and must be estimated 
based on information received from Census and PIERS. The 
Census data does contain information on the ports used, which 
can be useful in distinguishing between vermiculite and perlite, 
especially for exports. | 

Exports of processed crude and expanded perlite, primarily 
to Canada, were estimated to be 36,000 t, about 14% less than 
those of 2010. Most of the perlite exported to Canada was 
horticultural-grade perlite and was commonly mixed with peat 
and other ingredients to produce potting soils. Canada has 
abundant peat resources and was a leading producer and exporter 
of potting soils. The Republic of Korea was probably the second 
largest recipient of U.S. exports, receiving about 5,000 t, which 
was down from about 9,000 t in 2010. Perlite was exported 
to approximately 40 other countries, but the average amount 
exported to most of those countries was less than 1,000 t. The 
value of exports could not be calculated based on available 
information, but the average prices quoted previously could be 


applied. 
Imports of processe 
Greece, increased by 1196 


d crude perlite, almost exclusively from 

to 193,000 t compared with those of 

2010. S&B Industrial Minerals S.A. (Kifissia, Greece) was the 

primary supplier of processed crude perlite imports to the United 

States. Based on information from the 0.5. Census Bureau, the 

average customs value of perlite imports in 2010 was estimated 
e of nearly 12% from that of 2010. 


to be $114 per ton, an increas 
If insurance and freight costs ($13.44 per ton) were added to 
the value of the imports, the total average value of imports was 


$128 per ton, an increase of about 13% compared with the total 
average value in 2010. Most imported perlite arrives through 

the ports of Brunswick, GA, Mobile, AL, Philadelphia, PA, and 
Wilmington, DE. After arriving at one of these ports, the perlite 
is shipped to expanding plants throughout the States east of the 


Mississippi River. 
World Review 


Based on available information, the United States was 
estimated to be the leading consumer of processed crude 
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and expanded perlite in 2011. Greece was estimated to have 
produced about 500,000 t and sold or used the largest amount 
of perlite among the countries listed in table 4. Other leading 
producers of processed crude perlite were, in descending order, 
the United States, Japan, and Turkey. In 2011, 15 countries 
produced 1.77 million metric tons of perlite, a 7% increase 
compared with global production in 2010. Owing to a lack of 
reliable information, however, this total does not include all 
major producing countries, such as China, which was probably 
the leading or second ranked producer in the world. 


Outlook 


Total consumption of processed and expanded perlite in the 
United States in 2012 was expected to increase slightly from 
the levels of 2011. As the economy recovers and housing and 
office construction increases, as seen in some areas of the 
United States, perlite consumption is likely to increase. Perlite 
imports in 2012 were expected to be essentially unchanged from 
the level in 2011. Although prices for crude processed perlit 
increased in 2011, prices for expanded perlite dropped for the 
first time in 15 years. For 2012, the average price of expanded 
perlite is expected to remain at about the 2011 level, and 
processed crude perlite prices are expected to continue to slowly 
increase partially in response to increased import costs. 

Perlite expanding plants, mostly in the Eastern United 
States, continued to purchase imported perlite and offer strong 
competition to domestic perlite producers. Imported perlite 
has supplied about one-quarter to one-third of the demand for 
processed crude perlite in the United States during recent yeals, 
and that trend is expected to continue contingent upon the 
availability and cost of ocean freight. This strong competition 
from other countries is expected to continue in the coming years 
as domestic and foreign suppliers compete for market share 
amid fluctuating transportation costs, whether rail or ocean 


freight. 
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ТАВГЕ 1 
PERLITE MINED, PROCESSED, AND EXPANDED IN THE UNITED STATES! 
(Thousand metric tons and thousand dollars unless otherwise specified) 
2007 2008 2009 2010 2011 
Perlite mined” 516 524 304 529 469 
Processed crude perlite: 
Sold to expanders: 
Quantity 324 337 263 319 300 
Value 15,000 16,400 13,100 16,500 16,600 
Average value dollars per metric ton 46 49 50 52 55 
Used at own plants to make expanded perlite: | 
Quantity 85 98 85 95 120 
Value 3,550 4,450 4,000 5,090 6,990 
Average value dollars per metric ton 42 46 47 54 58 
Total, sold and used: 
Quantity 409 434 348 414 420 
Value 18,500 20,800 17,100 21,600 23,600 
Average value dollars per metric ton 45 ‚48 49 52 56 
Expanded perlite: 
Production, quantity 577 554 450 472 477 
Sold or used: 
Quantity 575 548 439 471 475 
Value 155,000 153,000 132,000 143,000 140,000 
Average value dollars per metric ton 269 279 302 304 295 
'Data are rounded to no more than three significant digits, except average value; may not add to totals shown. 
Crude ore mined and stockpiled for processing. 
TABLE 2 
EXPANDED PERLITE PRODUCED AND SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE! 
2010 2011 
Sold or used Sold or used 
Average Average 
Production, value” Production, value 
quantity Quantity Value (dollars per quantity Quantity Value (dollars per 
State (metric tons) (metric tons) (thousands) metric ton) (metric tons) (metric tons) (thousands) metric ton} 
California 27,500 27,300 $10,400 379 26,300 25,900 $10,100 388 
Florida 24,900 24,700 8,250 334 25,500 25,400 7,900 310 
Michigan 27,900 28,100 6,880 244 ' 28,700 28,600 7,150 250 
Nevada 12,600 12,400 5,920 475 ' 13,200 31,100 5,850 446 
Pennsylvania 52,600 52,600 12,300 233 41,000 41,000 9,390 229 
Other 327,000 326,000 99,300 305 342,000 323,000 100,000 309 
Total or average 472,000 471,000 143,000 304 477,000 475,000 140,000 295 
"Revised. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
? Average value is based on unrounded data and is rounded to the nearest dollar. 
?*Includes Arizona, Arkansas, Colorado, Georgia, Idaho, Illinois, Indiana, Louisiana, Maine, Massachusetts, Minnesota, Mississippi, Missouri, 
New Jersey (2011), North Carolina, Ohio, Oklahoma, Oregon, Tennessee, Texas, Wisconsin, and Wyoming. 
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TABLE 3 
EXPANDED PERLITE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE! 


2010 2011 
Average Average 
value? value’ 

Quantity Value (dollars per Quantity Value (dollars per 
Qm: = (merie tons) (thousands) metric ton) — (metrictons) (thousands) metric ton) 
mike с MCN ELE 67 900 1: o 378 3,550 $1,350 380 
а , 459 72,100 30,900 429 
Li. eC 41,700 16,700 399 46,200 19,800 429 
Formed products | | 251,000 49,700 198 251,000 44,700 178 
High-temperature insulation 7,430 2,090 281 5,690 1,480 260 
Horticultural aggregate _______ 65,300 29,100 446 64,800 29,600 457 
Low-temperature insulation — — — 1,910 1,060 559 1.930 1.160 601 
Masonry- and cavity-fill insulation 1,730 810 469 1,530 704 461 
Plaster aggregate 3,010 1,210 403 3,290 1,110 338 
Other 1,740 444 255 1,740 492 282 
Unspecified” 25,000 9,310 373 23,800 9.030 380 
Total or average | 471,000 143,000 304 475,000 140,000 E 

Data are rounded to no more than three significant digits; may not add to totals shown. 
? Average value is based on unrounded data and is rounded to the nearest dollar. 
Includes acoustic ceiling panels, pipe insulation, roof insulation board, and unspecified formed products. 
*Includes absorbents, laundries, paint texturizers, and other miscellaneous uses. 
5Estimated and reported data with specific use unknown. 
TABLE 4 | 
PERLITE: ESTIMATED WORLD PRODUCTION, BY COUNTRY? 

(Metric tons) 
u—————————M————— ee 
countrys ____________2007 — 208 à 209 à 200 ___=- 
Armenia 35,000 35,000 35,000 35,000 35,000 
Australia’ 7,000 7,000 6,500 7,000 7,000 
{Сейгш а ааа ары 45,000 45,000 45,000 45,000 45,000 
Greece? 525,000 525,000 525,000 500,000 500,000 
Нипвагу — ________- 67,000 67,000 65,000 65,000 65,000 
Iran 30,000 30,000 30,000 30,000 ' 30,000 
СОТО зу ы ee АЕ 60,000 60,000 60,000 60,000 60,000 
Japan 230,000 230,000 220,000 210,000 300,000 
Mexico‘ 54,405 $ 43,180 $ 51,395 $ 31,779 "5 30,000 
Philippines 4,515 $ 4,593 $ 4,606 $ 4,756 =$ 4,800 
Slovakia 20,000 25,000 25,000 25,000 25,000 
South Africa — 400 400 400 400 400 
Turkey" 270,000 270,000 230,000 230,000 250,000 
United States?" | 409,000 434,000 348,000 414,000 420,000 
Zimbabwe 3,000 3,000 3,000 2000 — — 2009 

1,650,000 1,660,000 1,770,000 


Zimbabwe ___________________ 
Total 1,760,000 1,780,000 


"Revised. 
lworld totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
26, 2012. 


?Unless otherwise stated, figures represent processed ore output. Table contains data available through May 
Зу addition to the countries listed, Djibouti started perlite production in 2009, and Algeria, Bulgaria, China, 
Morocco, Mozambique, and Russia are thought to have produced perlite, but output is not reported, and availab 
is inadequate to estimate output. 

‘Crude ore. 

5Crude perlite screened and sold. 


SReported figure. 
"Processed оге sold and used by producers. 
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PHOSPHATE ROCK 
By Stephen M. Jasinski 


Ш, statistical assistant, and the world production 


Domestic survey data and tables were prepared by Raymond I. Eldridge, 
к, table was prepared by Glenn J. Wallace, international data coordinator. 


World phosphate rock production, consumption, and trade 
all increased in 2011 from those of 2010. Domestic marketable 


‚ phosphate rock production in 2011 was 28.1 million metric 
. tons (Mt) a 9% increase from that of 2010. Reported domestic 


use of phosphate rock was 28.6 Mt, compared with 28.1 Mt 

in 2010 (tables 1 and 4) and apparent consumption increased 

by 5% from 30.5 Mt in 2010 to 32.0 Mt in 2011, owing to an 
increase in production of phosphoric acid. World production 

of phosphate rock reached a record high of 198 Mt, which was 
9% higher than that in 2010 (table 10) owing to market rebound 
from the global economic downturn and increasing demand for 
fertilizer in China, India, and South America. 

Phosphorus is an essential element for plant and animal 
nutrition and is consumed primarily as a principal component 
of nitrogen-phosphorus-potassium (NPK) fertilizers. Phosphate 
rock minerals are the only significant global resources of 
phosphorus. In this report (unless noted otherwise), mine 
production is reported in terms of marketable production, which 
refers to beneficiated phosphate rock with a suitable phosphorus 
pentoxide (Р,О,) content for wet-process phosphoric acid or 
elemental phosphorus manufacturing. Quantities are reported 
in metric units and percentages have been calculated using 
unrounded data. 

Domestic production of phosphoric acid for agricultural 
use in 2011 increased to 8.42 Mt P,O, from 8.14 Mt in 2010. 
Combined production of diammonium phosphate (DAP) and 
monoammonium phosphate (MAP), the major fertilizer products 
manufactured from phosphoric acid, was 11.5 Mt, which was 
slightly lower than that in 2010 (The Fertilizer Institute, 2012). 
Production data for all types of phosphoric acid and fertilizer 
products are no longer available from the U.S. Census Bureau 
(U.S. Census Bureau, 2011). 


Production 


U.S. Geological Survey domestic phosphate rock production 
data were obtained from monthly and semiannual voluntary 
canvasses of all companies that owned phosphate rock mines. 
All companies responded to the canvass. In 2011, phosphate 
rock was produced at seven mines in Florida, four in Idaho, and 
one each in North Carolina and Utah (table 2). 

The U.S. phosphate industry is concentrated in Florida in 
the counties of Hamilton, Hardee, Hillsborough, Manatee, 
and Polk. In 2011, seven mines, representing 6596 of domestic 
annual production capacity, were active in Florida. The Mosaic 
Company operated five mines, and CF Industries, Inc. and PCS 
Phosphate Co., Inc. each operated one mine (table 2). 

In July 2011, Mosaic was forced to close its South Fort 
Meade Mine after an injunction was issued by the U.S. District 
Court for the Middle District of Florida to cease all mining in 
the Hardee County extension of the mine. The ruling was the 
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result of an ongoing lawsuit filed by the Sierra Club in 2010 to 
block the extension of the South Fort Meade Mine. The mine 
was closed for the remainder of 2011 (Green Markets, 2011b). 
Mosaic permanently closed its Hopewell Mine in January 2011, 
when the reserves were depleted. This reduced U.S. annual 
production capacity by 500,000 metric tons (Mosaic Co., The, 
2012, p. 6). 

In Beaufort County, NC, PCS operated a large integrated 
production facility that included a mine, as well as animal feed, 
fertilizer, and phosphoric acid plants. 

In the Western Phosphate Field in Idaho, Montana, Utah, and 
Wyoming, five mines were active in 2011—four in Idaho and 
one in Utah (table 2). In Idaho, phosphate rock was mined in 
Caribou County by Nu-West Industries, Inc. (a subsidiary of 
Agrium Inc., Calgary, Alberta, Canada), P4 Production, L.L.C. 
(a subsidiary of Monsanto Co.), and J.R. Simplot Co. Simplot 
also operated the Vernal Mine in Uintah County, UT. Nu-West 
reported production from two mines in 2011. The company 
reopened its Rasmussen Ridge Mine in February and operated it 
in conjunction with the Dry Valley Mine until August when all 
production was shifted to the Rasmussen Ridge Mine. 

Monsanto received approval from the U.S. Bureau of Land 
Management to begin construction of a new 595-hectare (ha) 
phosphate rock mine to replace its existing South Rasmussen 
Mine, which was expected to be depleted in late 2012. The new 
Blackfoot Bridge Mine will be near the company's existing 
mine in Caribou County, ID, and was expected be in operation 
for at least 17 years (Green Markets, 2011c). 

Stonegate Agricom Ltd. (Toronto, Ontario, Canada) 
was in the early stages of development of the Paris Hills 
phosphate project in Bear Lake County in southeastern Idaho. 
The company planned to open an underground phosphate 
rock mine in a 1,008-ha area where three mines operated 
intermittently in the 20th century. The Bloomington Canyon 
Mine operated from 1942—43 and 1973—75, the Consolidated 
Mine, operated from 1930—32, and the Paris Canyon Mine, 
operated from 1917—26 (Jasinski and others, 2004). The 
company estimated a total measured and indicated mineral 
resource of 19 Mt with an average grade of 30.6% P „O, and an 
inferred resource of 12 Mt with an average inia of 30. 1% P,O, 
(Stonegate Agricom, Ltd., 2011). 


Consumption 


Phosphate rock was used primarily for production of 
wet-process phosphoric acid for fertilizer applications, which 
accounted for more than 90% of domestic consumption. The 
remainder was used in the manufacturing of animal feed 
supplements, for direct application to soil, and for elemental 
phosphorus production. Domestic apparent consumption of 
phosphate rock was 32.0 Mt compared with 30.5 Mt in 2010 
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(table 1). There were no sales of domestically mined phosphate 
rock reported by producers, 

All phosphate rock mining companies are vertically 
integrated, having one or more fertilizer plants, usually located 


near the mine. Mosaic was the leading company with about 56% 


of domestic phosphoric acid production capacity and 13% of 
world capacity. In 2010, the company operated four wet process 
phosphoric acid plants and four fertilizer plants in Florida and 
one of each in Louisiana (Mosaic Company, The, 2012, p. 1). 
PCS had phosphoric acid and fertilizer production facilities 
near its mines in Florida and North Carolina. In Idaho, Simplot 
sent ore from its Smoky Canyon Mine by slurry pipeline to its 
fertilizer plant in Pocatello, ID; Simplot sent ore by pipeline 
from the Vernal Mine in Utah to its plant in Rock Springs, WY. 
Three companies—Agrifos Fertilizer Inc., Pasadena, TX; 
Mississippi Phosphates Corp., Pascagoula, MS; and PCS 
Nitrogen, Inc., Geismar, LA—manufactured wet-process 
phosphoric acid using imported phosphate rock from Morocco. 
Agrifos and Mississippi Phosphates produced phosphate 
fertilizer products for domestic and export markets. PCS sold 
some merchant-grade phosphoric acid to Innophos Holdings, 
Inc., which had a nearby facility, for upgrading into high-purity 
acid for technical- and food-grade applications (Innophos 
Holdings, Inc., 2012, p. 8). 


Agrifos ceased production of phosphoric acid and phosphate 


products in April 2011 per a 2008 agreement with the U.S. 
Environmental Protection Agency that required the closure of 
the phosphogypsum stack because of violations to the Resource 
Conservation and Recovery Act by the plant’s previous owner, 


Exxon Mobil Corp. The closure, cleanup, and monitoring of the 


phosphoric acid facility are the responsibility of ExxonMobil 


until 2060 (Green Markets 2010). 

Monsanto operated the only elemental phosphorus plant 
in the United States in Soda Springs, Ш. The company used 
elemental phosphorus to manufacture phosphorus trichloride, 

h was used as a chemical intermediary for the production 
e-base herbicides (Monsanto Company, 2011, 
ountries, elemental phosphorus was used 
chiefly to manufacture high-purity phosphoric acid by burning 
the phosphorus in water, which 15 known as thermal acid. 
Worldwide, there has been a gradual shift to manufacturing 
high-purity phosphoric acid from wet-process acid, which has 
lower operating costs and none of the hazardous waste disposal 
issues that are associated with elemental phosphorus. Thermal 
acid, however, still accounts for more than 50% of annual world 
production capacity of high-purity phosphoric acid, primarily 
in China. The only other operating elemental phosphorus 
facilities in the world were located in China, Kazakhstan, and 
the Netherlands. 

The United States is considered a mature market for 
phosphate fertilizers, with average annual consumption of 
slightly more than 4.0 Mt since 1993. Fertilizer consumption 
information is collected by the Association American of Plant 
Food Control Officials on a crop year (July 1 to June 30) basis. 
During the most recent year for which data were available, crop 
year 2010 (July 1, 2009, to June 30, 2010), consumption of P,O, 
consumed in fertilizers was 3.72 Mt compared with 2.85 Mt 
in 2009, owing to the recovery from the economic downturn 


which w 
of glyphosat 
p. 9). In other c 
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causing fertilizer use and sales to return to near average levelsd 
the past decade (Slater and Kirby, 2011, p. 6). 


Stocks 


Producers’ stocks of phosphate rock on December 31, 201, 
were 1896 lower than at yearend 2010 (table 3). 


Transportation 


In Florida and North Carolina, crude phosphate rock ore 
was sent by slurry pipeline from the mines to the processing 
plants. All beneficiated phosphate rock was used internally 
to manufacture wet-process phosphoric acid; the beneficiated 
phosphate rock was sent by conveyers to acid plants. In села 
Florida, animal feed products, fertilizers, and phosphoric acid 
were sent by rail to domestic customers or to the Port of Tampa 
for export. The Port of Tampa handles the largest volume of 
fertilizer materials in the United States. 

In northern Florida, PCS transported its fertilizer products by 
rail to consumers; some materials, however, were sent by rail 
to the PCS port facility at Morehead City, NC, for export PCS 
used barges and tugboats to move products from its Ашоп, № 
complex to the Port of Morehead City for export ог delivery by 
rail to domestic consumers. Phosphoric acid producers along the 
Gulf of Mexico received phosphate rock by ship and transporte 
their products by barge on the Mississippi River and its 
tributaries or by rail to domestic consumers. In Idaho and Utah, 
phosphate rock was sent from the mine to the processing СУ 


via truck, rail, and slurry pipelines. 


Prices 


Price data were collected through the semiannual canvass 
of producers and reflected the value of phosphate rock used 
for production of phosphoric acid and elemental phosphors 
The total value of phosphate rock used in the United States 
increased by 29% from that of 2010 (table 1). Unlike many | | 
other mineral commodities, no standard domestic от world E 
for phosphate rock exists. Average ranges of world ai | 
published in various industry trade journals based оп 4$ nee 
of transactions. The import price of $1 16.88 per metric (0 
determined based on the U.S. Census Bureau customs valu 
included cost, insurance, and freight (table 1). 


Foreign Trade 


phosphate rock in the wor 
phosphate rock was from 
imported phosphate rock was consumed | 
producers located along the Gulf of Mexic 
Mississippi Phosphates (Mississippi). үл рани 
and PCS Nitrogen (Louisiana). In 2011, U. e US, Censis 
estimated to be 3.35 Mt, based on data from | 

Bureau and PIERS, а commercial apres а A 
waterborne trade activity. Tonnage and [os pu 
some phosphate rock imports into Louis! 
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sorata sources. U.S. import tonnage of other phosphate fertilizers 
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was insignificant compared with exports of the same materials 
(tables 5—7, 9). 

The United States is the leading exporter of phosphate 
fertilizers in the world, accounting for about 25% of world 
Р.О; contained in processed phosphate exports in 2011. In 
total, exports of phosphoric acid and phosphate fertilizers 
increased by 8%, in terms of P,O, content (The Fertilizer 
Institute, 2012). India was the leading destination for U.S. 
phosphate exports (tables 5—7). 


. World Review 


World production of phosphate rock increased by 9% in 
2011 compared with that of 2010. China (81.0 Mt), the United 


' States (28.1 Mt), and Morocco (28.0 Mt) were the leading 


producing countries, accounting for 69% of the world total 
(table 10). Much of the activity in phosphate rock exploration 
and expansion took place in Africa and Australia in 2011. 
There were major projects in Africa (Morocco and Namibia); 
smaller mines were under various stages of development in 
Angola, Congo (Brazzaville), Guinea-Bissau, Ethiopia, Mali, 
Mauritania, Mozambique, Uganda, and Zambia. Expansion 
of production capacity was planned in Egypt, Senegal, South 
Africa, Tunisia, and Togo. Other new mines and expansion of 
new facilities outside of Africa were ongoing in Brazil, China, 
and Kazakhstan. 

Australia, —Minemakers Ltd. continued development of the 
Wonarah Rock Phosphate Project in the Northern Territory. 

The company changed the business plan of the project from 
producing phosphate rock for export to upgrading the rock into 
phosphoric acid or fertilizer for export. In November 2011, a 
study commissioned by Minemakers was completed. The study 
proposed to either produce wet process phosphoric acid and 
DAP/MAP or to produce superphosphoric acid via the improved 
hard process (IHP), a thermal processing technology developed 
by JDCPhosphate Inc. (JDC). Minemakers was waiting for 

JDC to complete a demonstration plant before it committed to 
using the IHP. Minemakers planned to start mining in 2014 with 
an initial capacity of 1.5 million metric tons per year (Mt/yr) 
and gradually increase to 3.0 Mt/yr (Minemakers Limited, 
2011, p. 9). 

Canada.—Agrium signed a long-term contract with OCP 
Group of Morocco to supply phosphate rock to its Alberta 
phosphate facility beginning in late 2013 when the company's 
Kapuskasing, Ontario, mine was projected to be depleted 
(Agrium Inc., 2012, p. 3). 

Arianne Resources Inc. began development of the Lac-a-Paul 
Project in northern Quebec. A prefeasibility study was 
completed in November 2011 that demonstrated measured and 
indicated resources of 348 Mt of apatite with an average grade 
of 6.5% P,O, that could be upgraded to a 39% P,O, concentrate. 
The company planned to commence mining in 2014 (Fertilizer 
International, 2012b). 

Iraq.—A recent evaluation of the seven major phosphate 
deposits in Iraq was conducted by the Iraq Geological Survey. 
Of the seven, only the Akashat deposit has been mined. It has 
been in operation since 1983 and has reserves of 430 Mt, with 
an average grade of 21.5% Р,О,. Total phosphate rock resources 
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in Iraq are 9.5 billion metric tons, which is 396 of estimated 
world resources (Al-Bassam and others, 2012, p. 18). 

Namibia.—Namibia Marine Phosphate (pty) Ltd., (NMP) 

[a joint venture between Minemakers, UCL Resources Ltd. 
(Australia), and Tungeni Investments cc (Namibia)], continued 
development of its Sandpiper project 60 kilometers (km) off 

the coast of Namibia. NMP plans to dredge marine sediments 
containing 18% to 20% Р.О, at a depth of 225 meters. А 
feasibility study completed in early 2012 demonstrated the 
viability of a 3 Mt/yr production facility producing a concentrate 
of 28% Р.О, for export beginning in 2013 and expanding 

by up to 3 Mt/yr by 2016, depending on market conditions . 
(Minemakers Ltd., 2011). 

Morocco.—OPC Group began work on expanding its mines 
and production facilities. As announced in 2010, OCP planned 
to increase phosphate rock production capacity from 30 Mt/yr 
to 50 Mt/yr by 2018. Phosphate rock beneficiation capacity 
would increase from 9 Mt/yr to 38 Mt/yr and DAP/MAP 
capacity would increase from 3 Mt/yr to 9 Mt/yr. The processing 
expansion would be accomplished through the construction of 
four new plants at the Jorf Lasfar complex, which would be 
served by a 44-Mt/yr slurry pipeline from the mines (Fertilizer 
International, 2012c). 

New Zealand.—Chatham Rock Phosphate Ltd. proceeded 
with development of a shallow undersea mining operation 
450 km off the east coast of New Zealand. The company has 
an offshore mining permit for 4,276 square kilometers with an 
estimated resource of 100 Mt of phosphate rock. The company 
signed an agreement with a dredging company in 2011 and 
planned to begin comprehensive ore sampling and assessment 
(Green Markets, 20112). 

Peru.—Output from the Vale SA Miski Mayo Mine near 
Bayovar increased production to 2.5 Mt in 2011. Vale planned 
to increase production capacity from 3.9 Mt/yr to 5.8 Mt/yr by 
2016 and develop a second deposit at Bayovar, which would 
add an additional 1.9 Mt/yr to production capacity by 2017. 
Mosaic has rights for up to 35% of the output from the mine 
(Fertilizer International, 2011). 

Stonegate Agricom continued with exploration of the 
Mantaro Phosphate Property located near Huancayo. Measured 
and indicated resources were 39.5 Mt with an average grade 
10.0% Р,О,. More drilling and testing were planned in 2012 
(Stonegate Agricom Ltd., 2012). 

Russia. —JSC Acron, through its North-Western Phosphorus 
Co. subsidiary, planned to commence mining in 2012 at the 
Olenty Ruchey deposit in the Murmansk region. The mine was 
expected to have a production capacity of 1 Mt/yr and increase 
to 2 Mt/yr in 2017 (Industrial Minerals, 2011). 

Saudi Arabia. —Ma'aden Phosphate Co. began mining and 
processing phosphate rock at its Al-Jalamid complex in 2011. 
The phosphate concentrate was used to produce DAP at Ras 
Al Khair. Ma'aden planned to build a new phosphate complex 
at Umm Wu'al to mine the Al-Khabra deposit. The new mine 
would have a production capacity of 5 Mt/yr, the.same as 
Al-Jalamid (Fertilizer International, 20122). 
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Outlook 


World phosphate rock annual production capacity was 
projected to increase 20% from 2011 to 2016, increasing from 
213 Mt to 256 Mt, with more than 50% of the increase from 
Africa. The increase will be from a combination of new mines 
and expansion of existing operations (Heffer and Prud’homme, 
2012). U.S. production capacity will likely remain the same or 


decrease slightly through 2015, depending on whether three new 


mines under development in Florida receive permits to operate. 
Three new mines are planned in Idaho, but two would be as 
replacements for existing mines and not significantly change 
domestic production capacity. 

The projected increases in annual production capacity 
for phosphate rock will Supply the associated increase in 
Phosphoric acid and fertilizer production. World population 
growth ensures the need for phosphate fertilizer to grow crops 
for food and biofuels. World consumption of P.O, in fertilizer 
was projected to increase from 40.9 Mt in 2011, to 41.9 Mt in 
2012, and to 45.3 Mt in 2016, according to the International 
Fertilizer Industry Association (Heffer and Prud'homme, 2012). 
Phosphoric acid production capacity was expected to increase 
gradually from 42.5 Mt Р.О; in 2012 to 46.2 Mt P.O, in 2016, 
With one-third of the new output from operations in China. 
Global production of phosphate fertilizer was expected to 
increase from 39.9 Mt/yr Р.О; to 47.6 Mt/yr Р.О, between 2011 
and 2016 (Heffer and Prud'homme, 2012). 

Domestic production and consumption of phosphate rock in 
2012 were expected to be slightly lower than in 201 l, owing to 
the temporary closure of some fertilizer plants planned for the 
first quarter of 2012 because of weak seasonal demand. 
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(Thousand metric tons and thousand dollars unless otherwise specified) 


TABLE 1 
SALIENT PHOSPHATE ROCK STATISTICS! 


2007 2008 2009 2010 2011 
United States: 
Mine production (crude ore) 126,000 124,000 107,000 106,000 129,000 
Marketable production: 
Quantity: 
Gross weight 29,700 30,200 26,400 25,800 28,100 
Р.О; content 8,480 8,590 7,640 7,400 8,160 
Value 1,520,000 2,320,000 3,360,000 1,980,000 2,720,000 
Value, average” dollars per metric ton 51.10 76.76 127.19 76.69 96.64 
Sold or used by producers: 
Quantity: 
Gross weight 31,100 28,900 25,500 28,100 28,600 
Р.О; content 8,890 8,200 7,380 8,000 8,320 
Value | 1,600,000 2,210,000 3,250,000 2,210,000 2,850,000 
Value, average dollars per metric ton 51.36 76.64 127.22 78.50 99.61 
Imports for consumption:*^* 
Quantity, gross weight 2,670 2,750 2,000 2,400 3,350 
Value, cost, insurance, and freight" 154,000 266,000 161,000 211,000 392,000 
Value, average dollars per metric ton 57.54 96.95 80.61 87.79 116.88 
Consumption, gross weight"? 33,800 ' 31,600 27,500 30,500 32,000 
Stocks, December 31, producers 4,970 6,340 8,120 5,620 4,580 
World, production, gross weight 160,000 166,000 " 162,000 "€ 181,000 198,000 * 
"Estimated. 'Revised. 
"Data are rounded to no more than three significant digits, except average values per metric ton. 
? Average value based on the sold or used values. 
?Sources: U.S. Census Bureau and the PIERS. 
*Includes some estimated phosphate rock tonnage imported from Morocco but not reported by the U.S. Census Bureau. 
*Expressed as sold or used plus imports. 
TABLE 2 
ACTIVE PHOSPHATE ROCK MINES IN THE UNITED STATES IN 2011 
Owner Mine County and State 
CF Industries Holdings, Inc. South Pasture Hardee, FL. 
Mosaic Company, The Four Corners Hillsborough/Manatee/Polk, FL. 
Do. Hookers Prairie Polk, FL. 
Do. Hopewell! Hillsborough, FL. 
Do. South Fort Meade Polk, FL. 
Do. Wingate Manatee, FL. 
Nu-West Industries, Inc. (Agrium Inc.) Dry Valley’ Caribou, ID. 
Do. Rasmussen Do. 
P4 Production, LLC. (Monsanto Co.) South Rasmussen Do. 
PCS Phosphate Co., Inc. Aurora Beaufort, NC. 
Do. Swift Creek Hamilton, FL. 
Simplot, J.R., Co. Smoky Canyon Caribou, ID. 
Do. Vernal Uintah, UT. 
Do. Ditto. 
'Closed January 2011. 
Closed August 2011. 
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ТАВГЕ 3 
| 
PRODUCTION OF PHOSPHATE ROCK IN THE UNITED STATES, BY PERIOD 


(Thousand metric tons and thousand dollars) 


Mine production, crude ore Marketable production, beneficiated 
РО; Р.О; Ending stocks, 
Period Rock content Rock content Value" rock 
бк content Кок content  . Value ок — 
2010: a 
January-June 55,300 5,870 13,200 3,720 896,000 1, 
July-December 50,600 6,030 12,700 3,680 1,080,000 5,620 
Total 106,000 11,900 25,800 7,400 1,980,000 XX 
2 р и 
2011: "m 
January-June 60,900 6,400 13,800 4,010 1,390,000 » 
-July-December о 68,400 6,950 14,300 4,160 1,330,000 i5 
(Tua 7129000 13,300 28,100 8,160 2,720,000 
NR aL ge EC c LL "aO NM CÓ о ee ОНЕ РАИ Se 
XX Not applicable. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 
? Based on the per ton sold or used values. 


TABLE 4 
PHOSPHATE ROCK SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY 


PERIOD! 


(Thousand metric tons and thousand dollars) 


Ca SS 


Р.О; 
Репод Коск content Value? 
PI NNNM MMC Li == шша 
_ашшу-ше ~~ 13,700 3,850 912,000 
 Juy-December ^ — —— 14,400 4,160 1,290,000 
2011: === ые 
EU ~ — 13,600 3,910 1,300,000 
_July-December ~~~ 15,000 4,410 1,550,000 
Тош 28,600 8,320 2,850,000 


1 
Data аге rounded to no more than three 


2 Significant digits; may not add to totals shown. 
Free on board mine. 
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TABLE 5 
U.S. EXPORTS OF DIAMMONIUM PHOSPHATE"? 


(Thousand metric tons and thousand dollars) 


"Revised. -- Zero. 


2010 201] 
Country Quantity Value Quantity Value 

Argentina _' -- ' 128 62,800 
Australia 147 69,200 102 61,100 
Brazil 151 59,800 303 181,000 
Сапада 31 4,600 213 41,000 
Colombia 127 57,200 96 58,800 
Guatemala 24 10,000 65 33,800 
India 2,550 1,080,000 2,100 1,240,000 
Japan 166 64,100 169 102,000 
Mexico 216 88,400 189 99,100 
Peru 59 23,700 71 37,600 
Other 619 * 256,000 " 495 272,000 

Total 4,090 1,710,000 3,940 2,190,000 


Presentation of annual data is based on the top 10 quantities (gross weight) of the 


leading countries in 2011. 


?Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 


TABLE 6 
0.5. EXPORTS OF MONOAMMONIUM PHOSPHATE"? 


(Thousand metric tons and thousand dollars) 


"Revised. 


2010 2011 
Country Quantity Value Quantity Value 

Argentina 258 112,000 267 161,000 
Australia 330 153,000 252 153,000 
Brazil 588 255,000 841 491,000 
Canada 647 263,000 906 585,000 
Chile 76 28,700 37 18,400 
China 26 8,020 31 12,700 
Colombia 133 66,900 156 95,700 
Japan 71 26,300 99 60,400 
Mexico 96 43,900 69 36,100 
Thailand 7 3,800 15 9,330 
Other 98 ' 40,100 ' 38 22,200 

Total 2,330 1,000,000 2,710 1,650,000 


‘Presentation of annual data is based on the top 10 quantities (gross weight) of the leading 


countries in 2011. 


?Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 7 


U.S. EXPORTS OF PHOSPHORIC ACID'? 


(Thousand metric tons and thousand dollars) 


2010 2011 
Country Quantity Value Quantity Value 

Argentina 6 4,320 32 17,300 
Brazil 96 42,600 92 47,000 
Canada 17 4,860 17 5,030 
India 456 153,000 588 272,000 
Mexico 60 17,500 220 65,200 
Other 39 ' 13,000 ' 5 1,430 

Total 674 235,000 954 408,000 
Revised, SSS 


‘Excludes superphosphoric acid tonnage. 


*Data are rounded to no more than three significant digits; may not add to 


totals shown. 


Source: U.S. Census Bureau. 


TABLE 8 


U.S. EXPORTS OF ELEMENTAL PHOSPHORUS! 


р 
2000 ^ 20 


Quantity Value” 
Country (metric tons) (thousands) 
Brazil 14,100 $46,200 
Canada 950 3,180 
Mexico 2,830 5,420 
Other 389 1,820 


Quantity Value? 
(metric tons) (thousands) 
11,600 $41,200 
1,120 3,800 
| 14 
346 687 


—— 297 18200 346 67 
6 Total 18,300 56,600 13,100 45,700 
Data are rounded to no more than 


"Free alongside ship values. 


Source: U.S. Census Bureau. 


three significant digits; may not add to totals shown. 
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(Thousand metric tons and thousand dollars) 


TABLE 9 
U.S. IMPORTS FOR CONSUMPTION OF PHOSPHATE ROCK AND PHOSPHATIC MATERIALS! 


Phosphatic materials 
Phosphate rock: 
Unground' 
Ground? 
Тога!“ 
Dicalcium phosphate 
Elemental phosphorus 
Normal superphosphate 
Triple superphosphate 
Diammonium phosphate 
Monoammonium phosphate 
Fertilizer containing nitrates and phosphates 
Phosphoric acid 
"Revised. 
'Data are rounded to no more than three significant digits. 
Declared cost, insurance, freight values. 


Quantity 


1,280 


605 


2,400 


7 
7 

4 
189 
190 
269 
(5) 
31 


Value” 


117,000 
48,900 
211,000 
9,990 
23,500 
1,400 
66,900 
101,000 
142,000 * 
182 
20,600 


Some phosphate rock tonnages and values were not reported by the U.S. Census Bureau. 


‘Includes an estimate for tonnage data not reported by U.S. Census Bureau. 


"Less than № unit. 


Sources: U.S. Census Bureau and the PIERS. 
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Quantity 


2,450 


402 


3,350 


7 
5 
4 
207 
260 
602 
2 
1 


Value” 


345,000 
62,900 
392,000 
10,800 
18,700 
1,580 
113,000 
155,000 
361,000 
895 

185 
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TABLE 10 


PHOSPHATE ROCK, BASIC SLAG, AND GUANO: WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 


Gross weight Р.О; content 
Commodity and country’ 2007 2008 2009 2010 2011° 2007 2008 2009 2010 201' 

Phosphate rock: 

Algeria® 1,800 4 1,805 4 1,070 1,525 ^^ 1,500 536 542 305 458' 450 
Australia® 2,850 ^ 2,950 2,500 2,600 2,650 655 678 575 600 610 
Brazil, concentrate 6,185 6,727 ' 6,084 ' 6,192 ' 6,2200? 2,185 2472" 2,163" 2,179" 2,200? 
Burkina Faso“ 2 2 2 2 2 1 1 | | | 
Сапада“ 700 900 ' 900 € 900 ' 900 210 300 ' 300' 3007 3% 
Chile: 

Apatite 13 21 11 9' 10 4° 7° 3* QUE ooy 

Guano -- 3 2 1' | -' МА ' NA NA М 

Phosphorite 12 17 1 41" 40 NA NA NA NA M 
China 45,400 50,700 60,200 68,000 81,000 ^ 15,100 15200 18000 20400 24000 
Colombia" 43 27 27 30 -- 8 8 8 8 x 
Egypt, beneficiated 3,890 5,523 6,627 3,4357 3,500 1,167 1657 2,000 1,0311 10 
Finland" 825 825 650 825 825 300 300 225 300 300 
India" 1,210 1,220 1,230 1,240 1,250 629 ' 631 640 645 650 
Indonesia‘ 1 1 1 1 1 (5) (5) (5) (5) (5) 
Кап“ 330 325 330 330 330 41 36 40 4 9 
Iraq, beneficiated" 1 10 30 10 30 (5) 3 10 3 10 
Israel 3,069 3,088 2,697 3,135 3,105 4 840 * 850 * 740° 8607 80 
Jordan 5,552 6,265 5,281 6,529 ' 6,500 1,780 2,005 1620 2000* 200 
Kazakhstan" 7204 1,2264 1,225 1,600 1,600 165 280 280 350 3% 
Korea, North* 300 300 300 300 300 95 95 95 95 95 
Mexico 42 968 1,443 1,507 1,510 14 291 433 42 % 
Morocco* 27,800 24,500 18,400 26,600' 28,000 8,900 7,850 6,000 8,800" 9,20 
Nauru’ 45 45 45 45 45 17 17 17 17 i 
Pakistan 4 4 4 4* ? 1 | | 1° | 
Peru’ 57 38 38 7914 2,5444 17 11 11 И 
Philippines 2 2 2 T 5 i | 1 1 € | 
Russia 11,400 10,400 9,500 11,000 11200 4,200 3,800 3,500 4000 4,070 
Saudi Arabia* = " » 100 1.000 N _ x 30 300 
Senegal 691 645 948 ' 976 ' 980 234 180 ue de m 
South Africa 2,556 2,287 2,237 2,494 2,500 959 ' 858 ' 839" 935 $ 
Sri Lanka 40 25 Т ње = з ed "TELE № 
syria 3,678 3,221 2,466 3,765" 310 110° 993 10305 1160" 930 
Tanzania 8 29 | К | x | (5) (5) (5) 
Thailand* 44 44 34 3 ; | | | | ; 
Togo" 750 4 842 4 726 4 720 ' 730 270 303 260 260 ' es 
8а = 8,005 7,623 7,398 7,281" 5000 2,20'* 2,210 55 2,140"° 2,10 пе 1,50 | 
United States 29,700 30,200 26,400 25,800 28,100 ^ 8,480 8,590 7,640 7,400 8,160 
Uzbekistan? 600 600 бо к ы PEN 140 140 200 213 
Venezuela’ 400 400 400 400 400 115 115 115 115 115 
Чаша 1,523 201 2,0477" 2,268" 2,300 460 630 ват v m 
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TABLE 10—Continued 
PHOSPHATE ROCK, BASIC SLAG, AND GUANO: WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 
Gross weight Р.О; content 
Commodity and country’ 2007 2008 2009 2010 2011° 2007 2008 2009 
Basic (Thomas converter) slag:* 
France 50 50 50 50 50 8 8 8 


Luxembourg 475 475 475 475 475 70 70 70 


2010 


70 


2011" 


70 


Мм—_ ЕЕЕ ЕЕ 


Тога! 525 525 525 525 525 78 78 78 
"Estimated. PPreliminary. ‘Revised. NA Not available. -- Zero. 
World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
^Table includes data available through May 13, 2012. Figures are from official country sources where available. 
*In addition to the commodities listed, phosphate rock may be produced in Nigeria, but information is inadequate to estimate output. 
"Reported figure. 
"Less than % unit. 
“Includes production from Western Sahara. 
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PLATINUM-GROUP METALS 


By Patricia J. Loferski 


Domestic survey data and tables were prepared by Paula R. Neely, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2011, Stillwater Mining Co. (SMC) (Billings, MT), the 
only domestic mine producer of platinum-group metals (PGMs), 
recovered PGMs from its Stillwater Mine near Nye, MT, and its 
East Boulder Mine south of Big Timber, MT. 

In 2011, the automobile industry continued to be a major 
consumer of PGMs. Autocatalysts accounted for approximately 
82% of global rhodium consumption, 71% of palladium 
consumption, and 39% of platinum consumption. Jewelry was 
the second leading use of platinum in 2011, accounting for 3196 
of global consumption (Butler, 2012, p. 27—32). 

In 2011, world mine production of PGMs totaled 481,000 
kilograms (kg), a 3% increase relative to that of 2010. 


Legislation and Government Programs 


The Defense Logistics Agency, Strategic Materials reported 
no PGM sales in 2011; 18 kg of iridium and 261 kg of platinum 
remained in the stockpile. Palladium stocks were exhausted in 
2004. 

In December 2011, owing to problems in the procurement 
process, the U.S. Mint canceled a study to explore the feasibility 
of producing an American Eagle 1-ounce palladium bullion 
coin. An independent study to determine potential demand for 
palladium bullion coins prior to their production was mandated 
under the American Eagle Palladium Bullion Coin Act of 
2010, Public Law 111—303. The U.S. Mint planned to reissue 
a solicitation for the study in 2012. Once begun, the study was 
expected to take no more than 90 days to complete (Gilkes, 
2012). 

In 2011, the U.S. Mint did not sell any platinum American 
Eagle Bullion coins (U.S. Mint, 2012). 


Production 


Primary.—During 2011, the Stillwater Mine produced 
9,250 kg of palladium and 2,790 kg of platinum, increases of 
11% and 10%, respectively, compared with production in 2010. 
The increase in production was a result of improved ore grades. 
The East Boulder Mine produced 3,160 kg of palladium and 
914 kg of platinum, which was a slight decrease for platinum 
and palladium from that of 2010. Total palladium and platinum 
production for SMC increased by 796 each, and production of 
156 kg of rhodium was 150% greater than that of 2010. SMC 
milled 1.18 million metric tons (Mt) of ore from the mines, 
slightly less than that of 2010. In 2011, the Stillwater and East 
Boulder Mines processed 2,020 and 1,140 metric tons per day of 
ore, respectively, about the same rates as in 2010. Mill recovery 
of PGMs was about 92% at the Stillwater Mine and about 89% 
at the East Boulder Mine, unchanged from the recovery rates 
in 2010. SMC planned to produce 15,600 kg of PGMs in 2012 
(Stillwater Mining Co., 2012, p. 8, 53, 54). 
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SMC continued to develop the Blitz and Graham Creek 
projects, both of which were extensions of the existing mines. 
The Graham Creek project, located west of the East Boulder 
Mine, consisted of a 2,500-meter (m) extension of East 
Boulder's main travel way. The extension could be completed in 
the first half of 2013, followed by a multiyear drilling program 
to delineate the extent of the deposit. The Blitz project, located 
east of the Stillwater Mine, consisted of tunneling about 7,000 m 
east of the Stillwater Mine shaft and was expected to take 
several years to complete. 

At yearend 2011, SMC reported proven and probable 
reserves in its Montana operations of 42.5 Mt of ore with an 
average grade of 15 grams per metric ton (g/t) and containing 
about 621,000 kg of palladium and platinum, with an in-situ 
palladium-to-platinum ratio of about 3.57 to 1. Average PGM 
mill head grades were 16 g/t at the Stillwater Mine and 11 g/t at 
the East Boulder Mine. SMC's proven and probable reserves of 
PGMs in its Montana operations are contained in the J-M Reef, 
an ore body within the layered mafic and ultramafic igneous 
rocks of the Stillwater Complex (Stillwater Mining Co., 2012, 
p. 8). 

SMC had a 3-year agreement, effective in January 2011, 
to supply General Motors Corp. (Detroit, MI) monthly 
deliveries of fixed quantities of palladium. SMC also had 
а 1-уеаг agreement with Tiffany & Co. (New York, NY) to 
supply platinum, and at yearend had pending 1-year platinum 
and palladium supply agreements with Johnson Matthey plc 
(London, United Kingdom) and Ford Motor Co. (Detroit, MI) 
(Stillwater Mining Co., 2012, p. 28). 

In 2011, PGM exploration continued at several locations 
in the United States. The most advanced projects were in the 
Duluth Complex of Minnesota. Duluth Metals Ltd. (Toronto, 
Ontario, Canada) completed its acquisition of all the remaining 
shares of Franconia Minerals Corp. (Spokane Valley, WA) 
and then rolled Franconia into Twin Metals Minnesota LLC 
(St. Paul, MN), which was a Duluth (60%) and Antofagasta 
plc (Santiago, Chile) (4096) joint venture. The transaction 
consolidated the land holdings of Twin Metals in the Duluth 
Complex, which included the Birch Lake, Maturi, Nokomis, and 
Spruce Road copper-nickel-PGM deposits (Duluth Metals Ltd., 
2011). 

PolyMet Mining Corp. (Hoyt Lakes, MN) continued the 
environmental review and permitting process for the NorthMet 
Mine in the Duluth Complex. The supplemental draft 
environmental impact statement was expected to be completed 
and submitted for public review and comment in the fall of 
2012. No production expectation was given (PolyMet Mining 
Corp., 2012). 

Secondary.—In 2011, PGMs were recycled from three main 
sources—autocatalysts, electronics, and jewelry. The global 
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recovery of platinum from recycling autocatalysts increased 

by 13% in 2011 compared with that of 2010, reaching 38,100 
kg. In North America, an estimated 20,000 kg of platinum 

was recovered from catalytic converters, which was a 10% 
increase from that in 2010, and represented roughly 52% of 
global autocatalyst recycled material. Platinum recovered from 
catalytic converters increased by 19% in Europe, was unchanged 
in China, and decreased by 8% in Japan compared with 2010 
quantities. In the rest of the world, recycling of autocatalysts 
produced about 27% more platinum in 2011 compared with that 
of 2010. Globally, increased PGM prices encouraged recycling. 
About 311 kg of platinum was recovered from electronics 
recycling in 2011, which was the same amount recovered in 
2010. About 25,200 kg of platinum was recovered from the 
jewelry industry globally, an increase of 10% compared with 
that of 2010 (Butler, 2012, p. 22—23). 

Globally, about 51,500 kg of palladium was recovered from 
autocatalysts in 2011, an increase of 26% compared with that 
of 2010. Roughly 63% of recycled palladium came from North 
America. Palladium recovery from autocatalysts in North 
America increased by 33% to 32,700 kg, and that in Europe 
increased by 15% to 12,000 kg. Palladium recovery from 
autocatalysts in China increased by 17% and that in Japan 
decreased by 13%. Recovery of palladium from electronics 
totaled 15,000 kg in 2011, an increase of 9% compared with 
that of 2010. Recovery of palladium from the jewelry industry 
in 2011 increased 1 10% to about 6,500 kg. In 2011, recovery 
of rhodium from autocatalysts increased by 16% to 8,700 kg 
(Butler, 2012, р. 44). | 

gram recovered 15,100 kg of PGMs in 


SMC’s recycling pro | 
2011, an increase of 22% compared with that of 2010. Recycled 


material sales were $376.8 million in 2011, which was more 
than double the 2010 sales value. SMC reconstructed its original 
smelting furnace during 2011 and planned to use the furnace 

to improve metal recoveries and for additional capacity for 


recycling (Stillwater Mining Co., 2012, p. 10, 52). 


Consumption 


adium sales were 263,000 kg 


Palladium.—Global pall 7 
in 2011, about 13% less than those in 2010. About 71% of 
palladium was used by the autocatalyst industry, about 16% by 


the electronics industry, and about Th by the dental industry. 
The remainder was used in industries such as chemical, | 
jewelry, and others, and as investment. Global palladium use in 
autocatalysts reached an alltime high in 201 | owing to higher 
global vehicle production and greater use of palladium in 
light-duty vehicles (Butler, 2012, p. 36-45). | | 

Palladium use in autocatalysts worldwide increased by 8% to 
188,000 kg in 2011 compared with 2010 consumption. Demand 
in Europe increased by 8% to 44,800 kg. The increase was 
owing to increased production levels and increased exports of 
vehicles to China and the United States. 

Consumption in the North American autocatalyst sector 
‘ncreased to 45,900 kg, a 9% increase relative to that of 2010 
owi to increased auto production. Palladium consumption 
dinis Japanese autocatalyst industry was 20,600 kg, a 19% 
decrease compare 


d with that of 2010. Palladium consumption 
for autocatalysts үп China increased to 34,700 kg, an 11% 
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increase relative to that of 2010. Palladium consumption for 
autocatalysts in the rest of the world increased by 25% to 
41,500 kg (Butler, 2012, р. 36—39). 

On a global basis, palladium consumption by the jewelry 
industry was 15,700 kg, a 15% decrease compared with that 
of 2010. The decreased demand was a result of higher prices 
early in 2011. China remained the leading user of palladium 
for jewelry, with 60% of world consumption in that sector. 
Palladium use in jewelry in 2011 decreased in the much smaller 
markets in Europe and North America. Consumption in Europe 
was 1,870 kg of palladium, an 8% decrease relative to that of 
2010, and consumption in North America decreased by 31% to 
1,400 kg. Consumption in Japan decreased by 7% to 2,180 kg of 
palladium (Butler, 2012, p. 39-41). 

World palladium consumption in dental alloys was 17,100kg 

in 2011, which was about 8% less than consumption in 2010. 
Japan and North America accounted for about 42% and 40%, 
respectively, of the global consumption in this sector. The 
chemical industry consumed 13,800 kg of palladium in 2011, a 
20% increase from that in 2010, owing to increased consumer 
demand for end products that use these various chemicals that 
required palladium in their manufacturing. In the chemical 
industry, palladium was used as a catalyst in manufacturing 
bulk chemicals, including purified hydrogen peroxide, nitric 
acid, purified terephthalic acid, and vinyl acetate monomer, 
which in turn were used in the production of many resins and 
plastics as well as polyester and polyethylene terephthalate 
for use in textiles and packaging. Consumption of palladium 
by the electronics industry was 42,900 kg in 2011, which was 
a slight decrease compared with that of 2010, owing partly to 
increased substitution by other metals in some applications. 
The majority of demand for palladium in the electronics sector 
was for multilayer ceramic capacitors (MLCCs), which have 
widespread use in electronic circuitry. Use of palladium in 
other applications, mainly stationary-source emissions con 
increased by 1796 in 2011 compared with that of 2010. 

Major selloffs in the palladium investment sector 
accompanied price decreases in the second half of 2011. 
Holdings in exchange-traded funds (ETFs) were 54,400 kg at 
yearend 2011, a decrease of 20% compared with holdings at 
yearend 2010 (Butler, 2012, p. 43). 

Apparent domestic palladium consumpti 
be about 79,300 kg, a 79% increase from 44,300 kg in 

Platinum.—In 2011, global platinum sales totaled 
252,000 kg, a slight increase compared with sales in 2010. 
About 3996 of the total was used by the autocatalyst industry, 
about 31% by the jewelry industry, and about 7% by the glass 
industry. The remainder was purchased for investment Or 
used in other industries including chemical, electrical, and 
medical and biomedical. Platinum use in the autocatalyst sector 
increased slightly as a result of an increase in heavy-duty Ain 
vehicle production. Light-duty vehicle production increased 
the United States and in Europe, but decreased in Japan M 
to the earthquake and tsunami that took place т March 2 А 
Growth of light-duty vehicle sales in China decreased A 8 
Government measures aimed at slowing growth rates (Buliel, 


2012, p. 4-5). 
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Worldwide use of platinum in the autocatalyst sector 
increased slightly to 96,600 kg in 2011 compared with that in 
2010. While platinum demand in the heavy-duty diesel sector 
increased, demand in light-duty vehicles declined owing to 
increased substitution by palladium and by decreased production 
after the Japanese earthquake. Consumption in Europe was 
about 45,600 kg of platinum in 2011, which was slightly 
less than that of 2010, and accounted for about 47% of the 
global total. The market share of light-duty diesel vehicles in 
Europe increased to about 52% in 2011 from 48% in 2010. 
Consumption in the autocatalyst sector of North America was 
11,800 kg, a decrease of 6% in 2011 relative to that of 2010 
Owing to supply chain disruption that lowered production by 
Japanese manufacturers in North America after the Japanese 
earthquake in March. In Japan, platinum consumption in the 
autocatalyst sector was 15,600 kg, about 9% less than that of 
2010. In China, consumption of platinum in the autocatalyst 
sector increased by 10% to 3,420 kg. Consumption of platinum 
for autocatalysts increased by 24% in other areas of the world in 
2011 relative to that of 2010 (Butler, 2012, р. 27—30). 

In 2011, global consumption of platinum in the jewelry 
industry was 77,100 kg, a slight increase relative to that of 
2010. Consumption in North America increased by 6% relative 
to that of 2010, partly in response to gold’s price premium to 
platinum in the fourth quarter of 2011. Consumption in China 
increased slightly, and China remained the leading consumer, 
accounting for 68% of global consumption of platinum for 
jewelry. Consumption in Europe was the same as that in 2010, 
consumption in Japan was 3% less, and consumption in the rest 
of the world increased by 32% to 3,890 kg (Butler, 2012, 

p. 30-32). 

Global use of platinum in the chemical sector was 14,600 kg 
in 2011, which was an increase of 7% compared with that 
of 2010, largely owing to increased use of platinum in the 
production of silicones. Platinum use in the petroleum refining 
industry increased by 24% to 6,530 kg in 2011 as a result of 
increased refining capacity in emerging economies. Worldwide 
consumption of platinum in electrical applications was about 
7,150 kg in 2011, the same as that of 2010 (Butler, 2012, 

p. 33-34). 

Platinum equipment was used in the glassmaking industry 
because of its high melting point and resistance to corrosion. 
Platinum consumed in the glass industry increased by 44% to 
17,300 kg in 2011, owing to increased manufacturing capacity 
in Asia for liquid crystal displays. Consumption in the medical 
and biomedical sector was 7,150 kg, which was the same as that 
in 2010. Consumption in other end uses increased by 18% to 
11,000 kg relative to that of 2010, including automotive sensors, 
coating of aircraft turbine blades, and spark plugs. 

Global investment demand for platinum decreased by 30% to 
14,300 kg relative to that in 2010 (Butler, 2012, р. 34—35). 

In 2011, U.S. apparent consumption of refined platinum was 
estimated to be about 121,000 kg, a 12% decrease from the 
apparent consumption of 139,000 kg in 2010. 

Other PGMs.—Global rhodium consumption in 2011 was 
28,200 kg, a slight increase compared with that of 2010. А 
majority of rhodium use, 69% in 2011, was in the production of 
autocatalysts. In 2011, rhodium use in autocatalysts was 
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22,100 kg, slightly less than that of 2010, as a result of lower 
light-duty automobile production following the Japanese 
earthquake. In addition, rhodium demand decreased because 

of continued thrifting by autocatalyst manufacturers owing to 
previous high prices. Use of rhodium in the glass manufacturing 
sector increased by 15% to 2,430 kg compared with that in 
2010, owing to increased demand for flat-panel glass, and, 
owing to lower prices, increased rhodium content of alloys 
used for fiberglass bushings. Consumption of rhodium in the 
chemical sector increased by 796 to 2,240 kg in 2011 owing to 
increased capacity utilization rates in oxoalcohol manufacturing 
plants in Asia. Demand from the electrical sector increased 

by 2596 in 2011, to 156 kg, and demand in other applications 
increased by 86% from that of 2010, to 1,210 kg (Butler, 2012, 
p. 44). 

Global consumption of ruthenium decreased by 14% to 
25,100 kg in 2011 relative to that in 2010. The consumption of 
ruthenium in electrical applications decreased by 2696 to 
15,600 kg, mainly as a result of decreased consumption 
in the hard disk industry in the second half of the year. 
Electrochemical demand was 4,040 kg, a 596 decrease; use 
in the chemical sector was 3,390 kg, a 994 increase; and 
consumption in other applications increased by 62% to 2,110 kg 
(Butler, 2011, p. 45). 

Global consumption of iridium decreased by 1196 to 9,360 kg 
in 2011 compared with that of 2010. The electrical sector · 
accounted for 5596, 5,130 kg, of total global ruthenium use. 
Iridium crucibles were used in the electronics industry to grow 
high-purity single crystals for use in various applications, 
including single crystal sapphire, which was used in the 
production of back-lit light-emitting diode displays in 
televisions and other electronic devices (Butler, 2011, p. 45). 


Prices 


In 2011, the Engelhard annual average prices of iridium, 
palladium, and platinum increased by 61%, 39%, and 7%, 
respectively, compared with the 2010 annual average prices, 
and decreased for rhodium and ruthenium by 18% and 16%, 
respectively (table 1). 

Iridium.—1n the beginning of January, the price of iridium 
was $780 per troy ounce. The price increased dramatically 
through late February, when it reached $1,075 per troy ounce. 
The price decreased slightly in late March, to $1,050 per troy 
ounce, and then held steady until early September, when it 
increased steadily, reaching an alltime high of $1,085 per troy 
ounce in late September, where it remained for the rest of the 
year. The large price increase was the result of strong industrial 
purchasing of iridium by the electrochemical and electronics 
sectors. 

Palladium.—Palladium prices began 2011 at $808 per troy 
ounce, increased to $851 per troy ounce in mid-February, and 
then decreased to $706 per troy ounce in mid-March. Prices 
fluctuated between about $710 per troy ounce and $848 per 
troy ounce until early September, and then plunged throughout 
September to the year’s low of $553 per troy ounce in early 
October. For the remainder of 2011, the price fluctuated but 
remained below $690 per troy ounce. The large decrease in 


September correlated with concerns about the global economy, 
which led to a selloff of investments. 

Platinum.—In 2011, the annual average platinum price 
reached an alltime high of $1,724.51 per troy ounce. Throughout 
the year, daily platinum prices followed a trend similar to those 
of palladium. Platinum began the year at $1,790 per troy ounce, 
and fluctuated between $1,677 and $1,892 per troy ounce 
through mid-September. The price decreased precipitously 
throughout September, reaching $1,455 per troy ounce in early 
October. The price increased to $1,665 per troy ounce in early 
November, and then decreased steadily, finishing the year at 
$1,395 per troy ounce. The decrease in the latter part of the year 
corresponded with global uncertainties regarding European 
sovereign debt problems. 

Rhodium.—The rhodium price began the year at $2,425 per 
troy ounce, increased to $2,500 per troy ounce in late January, 
where it remained until mid-February, and then decreased 
steadily to $1,950 per troy ounce at the end of May. The price 
increased to $2,350 per troy ounce in early June, then decreased 
steadily to $1,400 per troy ounce at yearend. The decreased 
price was the result of a lack of buying interest owing to 
continued concern about the euro area debt crisis. 

Ruthenium.—The ruthenium price began the year at $180 
per troy ounce, where it remained until early August. The price 
then decreased continuously to $110 per troy ounce at yearend. 
The ruthenium price decreased owing to decreased industrial 


demand. 


Foreign Trade 


In 2011, the U.S. net import reliance as a percentage of 
apparent consumption was estimated to be 84% for refined 
palladium and 97% for refined platinum. Imports of refined — 
palladium in 2011 totaled 98,900 kg, an increase of 40% relative 
to those of 2010, with three countries accounting for about 
90% of refined palladium imports ш 201 1—Russia (52%), 
South Africa (29%), and the United Kingdom (9%). Imports о 
platinum, including waste, scrap, and coins, decreased by 15% 
in 2011 to 129,000 kg, from 152,000 kg in 2010. Excluding 
waste and scrap, three countries accounted for 72% of imports 
of platinum in 2010—South Africa (41%), Germany (19%), 
and the United Kingdom (12%). Refined imports of other PGM 
decreased by 4% in 2011 compared with those of 2010. Imports 
of rhodium increased slightly, and those of шш osmium, 
and ruthenium decreased by 18%, 37%, and 6%, respectively. 
Three countries accounted for 89% of the imports of other PGM 
in 2011—South Africa a Germany (13%), and the United 

j 2%) (tables 2, 3). 
пи ма of palladium was exported in 2011, а 
decrease of 16% relative to palladium exports in 2010. EXports 
of platinum, including waste and scrap, increased by % 

130,000 kg, and exports of rhodium decreased by 41% 
_ агей with exports їп 2010. Exports of iridium, osmium, 
А decreased by 69% during the same time period 


(table 4). 
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World Review 


In 2011, world mine production of PGMs increased by 4% 
to 484,000 kg from 466,000 kg in 2010 (table 5). South Africa 
accounted for 59% of total mine production in 2011; Russia 
accounted for 26%, Canada and Zimbabwe each accounted for 
4%, and the United States accounted for 3%. In 2011, South 
Africa produced 145,000 kg of platinum, a slight decrease 
from that in 2010, and accounted for 75% of world production. 
Global mine production of palladium increased by 5% to 
214,000 kg, with Russia and South Africa accounting for 40% 
and 38%, respectively, and the United States accounting for 
6%. World mine production of other PGMs (iridium, osmium, 
ruthenium, and rhodium) increased by 4% in 2011 compared 
with that of 2010. South Africa was the dominant producer, 
accounting for 80% of global production of other PGMs. 

Botswana.—In 2011, OJSC MMC Norilsk Nickel (Moscow, 
Russia) produced 2,100 kg of palladium and 373 kg of platinum 
as byproducts from its nickel operations at the Tati Mine. These 
quantities were about 25% less than production in 2010 owing. 
to lower РОМ ore grades (OJSC MMC Norilsk Nickel, 2012). 

Canada.—SMC continued to make progress on its Marathon 
PGM-copper project in Ontario, Canada. An environmental 
assessment was underway as well as detailed engineering plans 
for the development of an open pit and processing plant. Mine 
construction was planned to begin in 2013, and the project was 
expected to have an annual production of about 6,220 kg of 
platinum and palladium during a mine life of 12 years. SMC 
planned to crush, grind, and concentrate the ore onsite and to 
ship the concentrate offsite for smelting and refining. SMC 
reported proven and probable ore reserves at its Marathon. 
project of 91.4 Mt with an average grade of 0.83 g/t palladium 
and 0.23 g/t platinum and containing about 74,600 kg of 
palladium and 21,800 kg of platinum (Stillwater Mining Со, 
2012, р. 8). SMC also planned to conduct exploration at its 
PGM properties at Geordie Lake, Ontario, and Bird River in 
Manitoba, both of which were acquired along with the Marathon 
project in November 2010 (Stillwater Mining Co., 2012, 

р. 22—30). 

North American Palladium Ltd. (Toronto) produced 4,560 ke 
of palladium and 284 kg of platinum from its Lac des Isles Mine 
in Ontario, increases of 87% and 54%, respectively, compared 
with production in 2010. The mine reopened in April 2010 
after having been placed on care-and-maintenance status In | 
October 2008 in response to low metal prices. Mine expansio 
was proceeding, and a new mine shaft was expected to be 
commissioned at the end of 2012. North American Palladium 

| bout 7,800 kilograms pet 
expected to increase production to a а дыш 
year (kg/yr) of palladium by 2015 (North American са 
Ltd., 2012, p. 17—18). 
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17% of other PGMs. Norilsk Nickel produced 84,100 kg of 
palladium and 20,900 kg of platinum in 2010, a slight increase 
for platinum and a slight decrease for palladium compared with 
2010 production (OJSC MMC Norilsk Nickel, 2012). Russia's 
alluvial production was estimated to be about 4,100 kg of 
platinum, which was a 996 decrease compared with 2010 
production. 

South Africa.—In 2011, South African production of 
palladium and platinum decreased slightly compared with that 
in 2010. The world's leading PGM producer, Anglo American 
Platinum Ltd. (Johannesburg) (Amplats), reported primary 
refined production of 42,400 kg of palladium and 78,700 kg 
of platinum in 2011, an increase of 696 for palladium and a 
slight decrease in platinum production compared with that in 
2010. Rhodium production was 10,800 kg in 2011, an increase 
of 18% from that of 2010. Production of platinum at the 
Mogalakwena open pit mine increased by 15% to 8,470 kg. 
Output from the Khuseleka Mine was 4,140 kg of platinum and 
2,040 kg of palladium, slight decreases from 2010 production. 
The Siphumelele Mine produced 3,140 kg and 1,440 kg of 
platinum and palladium, respectively, which were decreases of 
5% and 10%, respectively, relative to that of 2010. Platinum 
production of 3,580 kg from the Mototolo Mine, a joint venture 
with Xstrata, was about 4% less than 2010 production. The 
Kroondal and Marikana Mines, operated as pool-and-share 
agreements with Aquarius Platinum Ltd. (Perth, Australia), 
produced 6,770 kg and 1,515 kg of platinum, respectively, 
which were decreases of 18% and 9% respectively, relative to 
that of 2010. At Modikwa, a joint venture with African Rainbow 
Minerals Ltd. (ARM) (Sandton), platinum production decreased 
by 4% to 4,040 kg. At the Bafokeng-Rasimone Platinum Mine 
(BRPM) joint venture with Royal Bafokeng Platinum Ltd. 
(Johannesburg), refined platinum production declined slightly 
to 5,600 kg. The greatest losses in production took place at the 
Bathopele, Tumela, and Union Mines, primarily as a result of 
safety stoppages. Amplats expected to produce 77,800 to 80,900 
kg of platinum in 2012 (Anglo American Platinum Ltd., 2012, 
р. 123—145). 

Impala Platinum Holdings Ltd.(Johannesburg) produced 
36,000 kg of refined platinum in 2011, a 7% increase compared 
with that of 2010. Output at the Impala Mine increased by 8% to 
29,300 kg of platinum. Production at the Marula Mine decreased 
by 11% to 2,000 kg of platinum. An expected ramp up in 
production at Marula was hindered by incomplete infrastructure 
development. Production of platinum in concentrate at the 
Two Rivers Mine increased by 5% to 4,630 kg, as a result of 
continued progress toward ramp up to full capacity (Impala 
Platinum Holdings Ltd., 2012, p. 60–75). 

In 2011, Northam Platinum Ltd. Johannesburg) reported 
production from its Zondereinde Mine of nearly 10,000 kg of 
PGMs in concentrate, about the same as production in 2010 

(Northam Platinum Ltd., 2012, p. 2). 

Lonmin plc (London) reported production of 42,000 kg of 
platinum, 11,100 kg of palladium, and 3,080 kg of rhodium, 
increases of 13%, 16%, and 5%, respectively compared with 
those in 2010. Production increased despite disruption to 
operations caused by a workers’ strike (Butler, 2012, p.16). 
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Aquarius Platinum Ltd. (Bedford) resumed production at 
the Everest Mine in 2010 after completing repairs following 
subsidence of the mined-out portion of the mine in 2009. 
Production from Everest increased by 77% to 1,740 kg of 
platinum in concentrate. Everest Mine faced geologic challenges 
related to an extensive oxidized area, and Aquarius was 
performing a strategic review of the mine. Aquarius closed 
the Blue Ridge Mine in September 2010 for redevelopment 
and had expected to reopen it in July 2011. However, low 
metal prices led to an extension of the mine’s closure beyond 
yearend. Production from the Chromite Tailings Retreatment 
Plant, a joint venture between Aquarius (50%), GB Mining 
and Exploration Ltd. (Johannesburg) (25%), and Sylvania 
South Africa Ltd. (West Perth, Australia) (25%), was 100 kg of 
PGM in 2011 an increase of 18% compared with that of 2010 
(Aquarius Platinum Ltd., 2012, p. 9). 

The Nkomati Nickel Mine, a 50-50 joint venture between 
ARM and Norilsk Nickel, produced 2,050 kg of PGMs, 27% 
less than that of 2010, owing to low PGM grades and recoveries 
(African Rainbow Minerals Ltd., 2012, p. 55). 

Eastern Platinum Ltd.’s (Vancouver, British Columbia, 
Canada) Crocodile River Mine produced 1,460 kg of platinum 
in concentrate, 30% less than that in 2010, owing to disruption 
of operations by strikes (Eastern Platinum Ltd., 2012, p. 3). 

Platmin Ltd.’s (Centurion) Pilanesburg Mine was behind 
schedule in the build-up to full production, owing partly to 
illegal strike action by workers. Sales of PGM in concentrate 
totaled 2,210 kg, an increase of 18% compared with that of 2010 
(Butler, 2012, p. 16). 

Platinum Australia Ltd.’s (West Perth) Smokey Hills Mine 
produced about 995 kg of PGM in concentrate, slightly more 
than that of 2010 but, owing to safety stoppages and strike 
action, far less than had been anticipated. Platinum Australia 
continued with a feasibility study of the Kalahari Platinum 
project and planned to extract a bulk sample for pilot-plant 
treatment during 2012 (Platinum Australia Ltd., 2012, p. 11). 

Zimbabwe.—In 2011, palladium and platinum production 

«increased by 17% and 21%, respectively, compared with that 

of 2010. The large increases were the result of the first full 

year of production from Amplats’ Unki Mine, which was 
commissioned in January 2011 and produced 1,070 kg of 
platinum in concentrate. The Mimosa Mine, a joint venture 
between Aquarius and Impala, was operating at full capacity, 
and produced 2,500 kg of palladium and 3,290 kg of platinum, 
which were increases of 7% and 5%, respectively, compared 
with production in 2010. Impala’s Zimplats Mine produced 
4,600 kg of palladium and 5,700 kg of platinum, slight increases 
compared with that in 2010. The phase 1 Zimplats expansion 
project was completed and work on the phase 2 expansion of 
the Ngezi Mine, including a third underground mine and a 
second concentrator, was underway. The phase 2 expansion was 
expected to be completed in 2014 and to achieve full production 
of 8,400 kg/yr of platinum (Butler, 2011, p. 20). 


Outlook 


The progress of the global economic recovery is expected 
to be the main driver of demand for PGMs owing to their 
use as industrial metals. Because the primary end use for 
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palladium, platinum, and rhodium is for catalytic converters in 
automobiles, the outlook for that industry will have the greatest 
impact on the consumption and prices of these PGMs. Global 
automobile production is likely to increase, particularly in 
emerging markets such as China and India; therefore, an overall 
increase in demand for PGMs in that sector was expected. 
Tighter emission standards in China were also expected to 
cause increased palladium demand. Manufacturers continued to 
switch to palladium-based catalytic converters and to increase 
palladium loadings on diesel light-duty vehicles because of 

the price difference between platinum and palladium. Thus, 

the increase in automobile demand will likely affect palladium 
demand in particular. In the electronics sector, palladium 
demand is likely to remain strong as the global economy 
recovers because of increasing demand for consumer electronics 
in which palladium is used in MLCCs. In the glass sector, 
demand for platinum could decrease owing to an expected 
near-term slowdown in purchasing by the fiberglass and LCD 
industries. In the petrochemical sector, near-term demand for 
platinum and palladium is expected to decrease because of high 
petrochemical inventories and limited new capacity installation. 
The demand for platinum in the jewelry sector was expected 

to be higher than that of 2011, assuming the price premium of 
gold continues, whereas palladium jewelry demand is likely to 
be lower. The consumption of rhodium is expected to increase 
as a result of higher vehicle production in many areas of the 
world. Ruthenium demand is expected to increase as a result 

of increased demand from the electrical and electrochemical 

nd is likely to decrease as a result of a 


sectors. Iridium dema | 
stock buildup of crucibles used for the growth of metal oxide 


single crystals. | 
Шш: production from South Africa was expected to 


decrease owing to work stoppages and to the increasing costs 
associated with mining, such as electricity and wages. Supply 


from Zimbabwe was expected to increase because of new 


mining projects, but this may be dependent on the political | 
situation. Palladium supply was expected to decrease 1n Russia 


ing toc i А ; 
вит ore grade. Recycling of platinum л 


expected to increase, particularly in the automotive catalyst 


recycling sector. 
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d Problems 


ahead 


2007 2008 2009 2010 2011 
United States: 
Mine production: 
Palladium, Pd content: 
Quantity kilograms 12,800 11,900 12,700 11,600 12,400 
Value thousands $148,000 $136,000 $108,000 $199,000 $295,000 
Platinum, Pt content:? 
Quantity kilograms 3,860 3,580 3,830 3,450 3,700 
Value thousands $162,000 $182,000 $149,000 $179,000 $205,000 
Refinery production: 
Palladium, Pd content: 
Quantity kilograms 7,410 7,650 7,820 6,820 ' 17,500 
Value thousands $85,100 $87,300 $66,800 $116,000 ' $298,000 
Platinum, Pt content: 
Quantity kilograms 8,930 7,400 7,210 5,410 ' 15,500 
Value thousands $375,000 $376,000 $280,000 $281,000 ' $805,000 
Imports for consumption, refined: 
Iridium, Ir content kilograms 3,410 2,550 1,520 3,530 2,880 
Osmium, Os content do. 23 11 68 76 48 
Palladium, Pd content do. 113,000 120,000 69,700 70,700 98,900 
Platinum, includes waste, scrap, and coins, Pt content do. 181,000 150,000 183,000 152,000 129,000 
Rhodium, Rh content do. 16,600 12,600 11,200 12,800 13,100 
Ruthenium, Ru content do. 48,700 49,800 21,200 14,100 13,200 
Exports, refined: 
Iridium, osmium, and ruthenium, gross weight do 8,190 6,450 4,020 3,720 1,150 
Palladium, Pd content do. 41,800 26,400 30,300 38,100 32,000 
Platinum, Pt content do 28,900 15,600 15,600 16,900 11,300 
Rhodium, Rh content do 2,210 1,980 1,220 2,320 1,370 
Stocks, National Defense Stockpile, December 31: 
Iridium, Ir content do 18 18 18 18 18 
Platinum, Pt content do. 261 261 261 261 261 
Price, average: 
Iridium" dollars per troy ounce 444.43 448.34 420.40 642.15 1,035.87 
Palladium’ do. 357.34 355.12 265.65 530.61 738.51 
Platinum* do. 1,308.44 1,578.26 1,207.55 1,615.56 1,724.51 
Rhodium do. 6,203.09 6,533.57 1,591.32 2,459.07 2,024.35 
Ruthenium? do. 573.74 324.60 97.28 198.45 165.85 
Employment 1,630 1,360 1,270 1,350 1,570 


World, mine production', РОМ content 
“Estimated. ‘Revised. do. Ditto. 


TABLE ] 
SALIENT PLATINUM-GROUP METALS STATISTICS! 


kilograms 


509,000 ' 


468,000 


447,000 ' 466,000 ' 484,000 


'Data are rounded to three significant digits, except prices. 

?Source: Stillwater Mining Co., 2011 annual report, p. 53. 

*Price data are annual averages of daily Engelhard unfabricated quotations published in Platts Metals Week. 
*Price data are annual Engelhard unfabricated quotations published in Platts Metals Week. 
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ТАВГЕ 4 | 
U.S. EXPORTS ОЕ PLATINUM-GROUP METALS, BY COUNTRY 


Country 
2010 
2011: 
Argentina 
Australia 
Austria 
Belgium 
Brazil 
Canada 
Chile 
China 
Colombia 
Czech Republic 
Denmark 
France 
Germany 
Hong Kong 
India 
Ireland 
Israel 
Italy 
Japan 
_ Korea, Republic of - 
ke. - 
Mexico 
Netherlands 
New Zealand 
Norway 
Russia 
Saudi Arabia 
_ Singapore о 
Slovakia 
South Africa 
Spain 
Switzerland 
Taiwan 
Thailand 


ee с, ИН НИ 
United Arab Emirates 
United Kingdom 

OR  __ 


Other 
Total 


*Less than % unit. 


Source: U.S. Census Bureau. 


57.10 


1,540 


416,000 


2 552,000 118,000 1,440,000 1,150 18,000 
-- LETO. 


1 
Data аге rounded to по more than three 51 


3,020 


gnificant digits; may not add to totals shown. 


2 


Platinum, 
waste and scrap 
Quantity, 
Value Value Pt content Value 
(kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) 
$419,000 $775,000 38,200 $1,100,000 
-- 2,850 -- -- 
8,960 24,100 -- -- 
895 1,380 3 73 
104 6,940 1,180 11,000 
6,080 2,060 -- -- 
39,800 20,400 47 1,380 
15 5,520 -- = 
71,600 1,760 351 19,400 
1,220 848 — - 
1,360 "E НА m 
1,810 8 =n У 
4,120 1,350 3 69 
31,400 148,000 58,900 186,000 
20,400 21,400 2 81 
4,270 22,600 -- -- 
389 8,780 -- -- 
14,200 1,380 -- -- 
19,200 44,400 483 12,100 
29,300 67,600 8,150 66,400 
14,800 26,300 E E 
= 1,790 -- -- 
1,150 15,200 = es 
433 1,050 2 Е. 
1,580 165 -- = 
1,140 293 = E 
12 4,920 -- -- 
766 8 a: ee 
2,710 17,000 4 272 
а 4,640 -- -- 
257 35 2,960 31,900 
1,130 РЕ 09 > 
21,900 61,100 18,000 240,000 
18,100 2,430 2 19 
2,540 1,210 -- = 
169 4,930 1 24 
92,300 26,800 28,200 873,000 


94 


Iridium, osmium, 
ruthenium 


Quantity, 
gross weight Value 


——————— 
————— ——————— 
Ő 


Rh content Vale 


(kilograms) (thousands) (kilograms) (thousands) 


3,720 $36,800 


39 446 

1 3 

8 125 
(2) 6 
178 1,360 
4 64 
45 1,460 
55 973 
12 247 
16 110 

1 28 
54 794 
267 1,800 
5 152 

|| 5 
126 1,720 
(2) 14 
91 538 
4 23 
239 8,100 


7 63 
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2,320 $13600 
(2) 16 
191 6240 
66 2,890 
(2) él 
288 16,00 
218 1540 
126 6,400 
2 154 
0) 4 
281 9,060 
147 150 
13 866 
| M 
и № 


(2) 
71,100 


C. Сел ал ү, n 


Мел, ттеу Cc — * 


Palladium: 
Australia" 
Botswana 
Canada 


Russia 
Serbia 
South Africa 
United States”? 
Zimbabwe 
Total 
Platinum: 
Australia“ 
Botswana 
Canada 
Colombia" 
Ethiopia? 
Finland 
5,6 


Јарап 
Poland^? 
Russia 
Serbia 
South Africa? 
United States”? 
Zimbabwe 
Total 
Other platinum-group metals: 
Canada 
Russia 
South Africa? 
Zimbabwe 
Total 
Grand total 
"Revised. NA Not available. -- Zero. 


600 
5,000 
14,100 
NA 
6,505 ' 
15 
96,800 
15 
83,643 5 
12,800 
4,180 5 
224,000 ' 


461 ^3 

1,000 * 
25 
27,000 
2 
160,940 
3,860 

5,306 > 


900 * 
14,500 
59,449 

1,695 > 
76,500 ' 
509,000 ' 


TABLE 5 
PLATINUM-GROUP METALS: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


(Kilograms) 


а а ы л. 
Country? 2007 2008 2009 2010 2011 


580 800 г 650 ' 600 
3,000 3,000 3,000 € 3,000 
14,700 7,000 ' 6,200 ' 14,000 
342 $ 560 5 1,493 5 1,058 5 
7,526 ' 6,675 ' 6,107 ' 7,534 
15 15 15 15 
87,700 83,200 $ 84,700 86,000 
70 ' 38 г 22° 25 
75,537 > 75,117 "3 82,222 5 82,000 
11,900 12,700 11,600 12,400 
4,386 > 5,680 7,000 8,200 
206,000 ' 195,000 ' 203,000 ' 215,000 
120 230 ' 130 130 
600 600 600 " 600 
8,500 4,000 г 3,600 € 7,000 
1,369 929 998 1,231 
10 ? 10° 85 dum 
214 "5 265 "5 500° 400 
1,442 ° 1,417 ' 1,331 € 1,765 
25 25 ^. 25 25 
25,000 24,500 25,000 € 25,000 
-- r 12 т xs r a 
146,140 140,819 147,790 145,000 
3,580 3,830 3,450 3,700 
5,642 5 6,849 55 8,800 10,600 
209,000 193,000 183,000 ' 192,000 195,000 
oI 19390) _ 124000 195,000 _ 
1,000 € 400 € 400 ' 600 
12,500 11,900 12,000 12,500 
53,999 55,456 57,292 59,000 
1,804 > ‚ 800 1,300 1,700 
69,300 ' 68,600 ' 71,000 € 73,800 
468,000 447,000 € 466,000 € 484,000 


World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


?Table includes data available through May 20, 2012. Platinum-group metal (PGM) production by Germany, Norway, and the United 
Kingdom is not included in this table because the production is derived wholly from imported metallurgical products and to include it 


would result in double counting. 


?In addition to the countries listed, China, Indonesia, and the Philippines are thought to produce PGM, and several other countries may 


also do so, but output is not reported quantitatively, and there is no reliable basis for the formulation of estimates of output levels. A 


part of this output not specifically reported by country is, however, presumably included in this table credited to Japan. 


*PGM recovered from nickel ore that is processed domestically. PGM in exported nickel ore are extracted in the importing countries, 
such as Japan, and are thought to be included in the production figures for those countries. 


‘Reported figure. 


$Production derived entirely from imported ores. 


"Based on official Polish estimates. 


*Estimates based on reported platinum- and palladium-bearing final (residual) slimes and then average platinum and palladium content 


from electrolytic copper refining. 


?A very small quantity of byproduct platinum and palladium produced from gold-copper ores was excluded. 


раја for the Ethiopian calendar year ending July 7 of that stated. Yubdo Mine only. Platinum was also reportedly contained in gold 
ingots from the Lega Dembi Mine, but information is inadequate to estimate output. 
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POTASH 


By Stephen M. Jasinski 


Domestic survey data and tables were prepared by Annie Hwang, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


In 2011, domestic production increased by 8% from 930,000 
metric tons (t) potassium oxide (К.О) equivalent in 2010 to 1 
million metric tons (Mt) KO.! U.S. sales of potash were the 
same as that of 2010 and apparent consumption increased by 
5%, from 5.5 Mt K,O in 2010 to 5.8 Mt K,O (table 1). In 2011, 
the world production of potash increased from 34.1 Mt in 2010 
to 36.4 Mt. (table 1). 

Potash denotes a variety of mined and manufactured salts, 
all of which contain the element potassium in water-soluble 
form. The majority of domestic potash was produced near 
Carlsbad, NM, with most of the potash coming from the mineral 
sylvite. The term potash refers to potassic fertilizers, which are 
potassium chloride (KCI or sylvite), potassium sulfate [K,SO, 
or sulfate of potash (SOP), usually a manufactured product], and 
potassium-magnesium sulfate [K,SO,*2MgSO, or langbeinite or 
double sulfate of potash magnesia (SOPM or K-Mag)]. Muriate 
of potash (MOP) is an agriculturally acceptable mix of KCI 
(95% pure or greater) and sodium chloride (halite) for fertilizer 
use that includes minor amounts of other nontoxic minerals 
from the mined ore and is neither the crude ore sylvinite nor 
pure sylvite. 


Production 


Domestic production data were developed by the U.S. 
Geological Survey from a semiannual voluntary canvass of U.S. 
operations. All of the seven operations canvassed for semiannual 
production data responded to the surveys. 

Potash companies in the United States produced MOP, SOP, 
and SOPM. Published production data of all types and grades 
of potash in the United States are adjusted to avoid disclosing 
the proprietary data of companies that produce SOP and SOPM, 
which together are known as sulfates. 

Three companies produced potash from seven operations in 
three States. Most domestic production was from southeastern 
New Mexico, where Intrepid Potash, Inc. operated two mines 
and The Mosaic Company operated one mine. Mosaic also 
operated a deep-solution mine in Michigan. The third State with 
potash production was Utah, where Intrepid produced potash 
from a solution mine in Moab and from a solar evaporation 
facility in Wendover; Great Salt Lake Minerals Corp. (GSLM), 
a subsidiary of Compass Minerals International, Inc., operated a 
solar evaporation facility in Ogden. 


'The potash industry has established a common standard of measurement for 
defining a product’s potassium content [or purity] because the potassium content 
of its common salts varies in terms of equivalent percentages of potassium oxide 
(К.О). A К.О equivalent for muriate of potash is 60%; sulfate of potash, 51%; 
and double sulfate of potash magnesia products, 22%. All tonnages are reported 
in metric tons, K,O equivalent, unless otherwise specified. All percentages are 
computed on unrounded К.О equivalent values. 
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Intrepid continued with the development of the HB Solar 
Solution Mine in Carlsbad, NM. The mine was operated 
previously as a conventional underground potash mine. Intrepid 
planned to convert the HB mine into a solution mine. In 2010, 
the U.S. Bureau of Land Management (BLM) began the 
environmental impact statement (EIS) required for approval of 
the project. The final EIS was expected to be released in early 
2012. The company expected to begin production about 18 
months after receiving approval for the project and gradually 
increase production to full capacity of 200,000 metric tons per 
year (t/yr) about 1 year after commencing operations (Intrepid 
Potash, Inc., 2012, p. 8). 

IC Potash Corp. (ICP) (Toronto, Ontario, Canada) completed 
a prefeasibility study for its Ochoa Potash Project in Lea 
County, NM. ICP planned to produce SOP and SOPM from a 
polyhalite deposit. The mine will be located 97 kilometers east 
of Carlsbad, NM. ICP planned to start production by 2016 and 
would have an annual production capacity of 700,000 t/yr of 
SOP and SOPM combined (IC Potash Corp., 2012). 


Consumption 


The principal use of potash is as an agricultural fertilizer 
(plant nutrient) because it is a source of soluble potassium, 
which is one of the three primary plant nutrients required for 
plant growth and maturation; the others are fixed nitrogen and 
soluble phosphorus. Potash and phosphorus are mined products, 
and fixed nitrogen is produced from the atmosphere using 
industrial processes. Modern agricultural practice uses large 
amounts of these primary nutrients and additional nutrients, 
such as boron, calcium, chlorine, copper, iron, magnesium, 
manganese, molybdenum, sulfur, and zinc, to ensure plant health 
and proper maturation. The three major plant nutrients have 
no cost-effective substitutes. Low-nutrient-content alternative 
potash sources, such as animal manure and guano, bone meal, 
compost, glauconite, and “tankage” from slaughterhouses, are 
available, but the cost of transportation per metric ton of nutrient 
beyond relatively short distances can reduce their desirability. In 
addition to its use as a fertilizer, potassium chloride is important 
in industrialized economies, where it is used in aluminum 
recycling, by the chloralkali industry to produce potassium 
hydroxide, in metal electroplating, oil-well drilling mud, 
in snow and ice melting, in steel heat-treating, and in water 
softening. 

Potassium hydroxide is used for industrial water treatment 
and is the precursor of potassium carbonate, several forms 
of potassium phosphate, many other potassic chemicals, 
and soap manufacturing. Potassium carbonate is used to 
produce animal feed supplements, cement, fire extinguishers, 
food products, and textiles. It is also used in brewing beer, 
pharmaceutical preparations, and as a catalyst for synthetic 
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rubber manufacturing. Generally, these nonfertilizer uses have 
accounted for about 15% of annual potash consumption in the 
United States and 8% worldwide. 


Foreign Trade 


Total U.S. imports of all forms of potash (КО equivalent) 
increased by 5% from those of 2010. Potassium chloride 
accounted for 98% of the import tonnage. Canada was the 
leading source for imports, accounting for 81% of all types of 
potash. Russia was a distant second with 14% of imports. Total 
import value increased by 32% compared with that of 2010 
(table 4). 

The United States is not a significant exporter of potash. In 
2011, exports of all forms of potash (КО equivalent) decreased 
by 32% from those of 2010, owing to a large decrease in 
potassium chloride exports (table 3). 


World Industry Structure 


World production of potash increased to 36.4 Mt from 
34.1 Mt in 2010. Canada, Russia, and Belarus were the leading 
producing countries, by order of output, accounting for 63% 
of total production (table 5). Global potash capacity increased 
by 6% in 2011 compared with that of 2010. In 201 1, about 170 
new potash projects were under development worldwide that 
Were expected to be completed by 2020. Of the 170 projects, 45 
were from leading producers, 75 from smaller companies, and 
50 still in the exploration phase. With the exception of China, 
all projects were in exporting countries. The leading projects 
were under development in Argentina, Brazil, Canada, Chile, 
Congo (Brazzaville), Eritrea, Ethiopia, Kazakhstan, Laos, 
Mexico, Peru, Russia, Turkmenistan, the United Kingdom, and 


Uzbekistan. Most of the projects were expected to be completed 
after 2017 (Feytis, 201 1). 


World Review 


Belarus.—JSC Belaruskali was the third leading producer 
in the world in 2011, following PotashCorp of Saskatchewan 
(Canada) and JSC Uralkali (Russia). Belaruskali began a 
debottlenecking program in 2011 to improve production 
efficiency. The company planned to increase production 
capacity gradually to 11 million metric tons per year (Mt/yr) by 
2015 from 9.2 Mt/yr MOP (Fertilizer International, 201 la). 

Canada.—Canada is the world’s leading potash producer and 
passesses the largest potash reserves in the World. Canadian 
potash production capacity was projected to increase by 58% 
during the next 5 years, owing primarily to expansion projects 
by the three current producers, Agrium Inc., PotashCorp, and 
Mosaic. PotashCorp, the world's leading producing company 
had four projects in progress that would increase the company's 
operational capability to 17.1 Mt/yr MOP from 11.2 Mt/yr 
MOP. Production capability at the Cory and Allan Mines in 


Saskatchewan were being expanded by 1 Mt/yr MOP each 
and were expected to be completed in 2012. A 
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Saskatchewan, that was projected to be completed in 2014 and 
to reach full capacity by 2016 (Fertilizer International, 20110) 

Mosaic has ongoing expansion projects at all three of its 
mines in Saskatchewan. It planned to add 0.6 Mt/yr MOP of 
capacity to the Belle Plain Mine and 0.5 Mt/yr MOP to the 
Colonsay Mine by 2015 or 2016, and 0.9 Mt/yr MOP to the 
Esterhazy Mine by 2018 (Mosaic Company, The, 2012, p. 10) 

In December, Agrium announced plans to expand its 

Vanscoy, Saskatchewan, mine to 3 Mt/yr MOP by 2015 from 
2 Mt/yr MOP. In March, German potash producer, K+S 
Aktiengesellschaft, acquired Canadian potash producer, Potash 
One Inc., which was developing the Legacy Potash project m 
Saskatchewan. K+S planned to construct a solution mine and 
processing facilities, which will have an initial capacity of 24 
Mt/yr MOP and later expand to 4 Mt/yr MOP. The first phase 
was expected to commence construction in 2013 and to be 
completed in 2016 (Fertilizer International, 20 115). - 

Russia.—Russian potash producers JSC Silvinit and U : 
completed their merger in June 2011. The new company С 
retain the Uralkali name and became the world’s second р B 
producer of potash with a production capacity of 10.6 Müyr 
MOP. In October, Uralkali announced plans to increase 15 , 
production capacity to 19 Mt/yr by 2021 through ioa 
debottlenecking at its five mines and the development o 
new mines (Fertilizer International, 20 1a). 


Outlook 


Potash is an essential fertilizer nutrient that cannot d us 
substituted. More than 90% of world consumption 5 n 
products. Growing world population and its need 5 | а 3 
will require continued growth in both potash producti 
consumption. | 

World potash consumption for all uses 15 рг 
at a rate of 3% per year to 36.6 Mt K,O in 201 
in 2012. Potash production capacity was projecte Pins 
by 33% to 61.4 Mt in 2016 from 46.2 Mt in 2012, ари 
to the International Fertilizer Industry Association ( 
Prud’homme, 2012). 

Potash exploration and development ac 
to remain very high during the next decade. 
mines are projected to startup before 2025 in 
Australia, Brazil, Chile, China, Eritrea, Ethio een 
Laos, Turkmenistan, the United Kingdom, and Uz м by 
However, many of these projects were likely to be any franci 
several months owing to changes in demand, a The are 
performance, permitting procedures, and M А й Sm 
of largest expansion during the next decade ул 
Asia, Eastern Europe, and North America. 


ojected to increase 
6 from 32 МЕКО 
d to increase 


tivity is expected 
Significant new 
Argentina, 

pia, Kazakhstan, 
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TABLE ] 
SALIENT POTASH STATISTICS"? 


(Thousand metric tons and thousand dollars unless otherwise specified) 


United States: 
Production? 
Gross weight 
КО equivalent 
Sales by producers: 
Quantity: 
Gross weight 
КО equivalent 


Value” * 480,000 


Average value? 
Gross weight dollars per metric ton 
K,O equivalent do. 
Exports: 
Gross weight 
К;О equivalent 
6,7 


Imports for consumption: ' 
Quantity: 
Gross weight 
К,О equivalent 


Value, customs 
Consumption, apparent: У 
Gross weight 
K-O equivalent 
World, production, marketable K,O equivalent 
“Estimated. ‘Revised. do. Ditto. 


1,310,000 


10,000 


34,900 


2008 2009 2010 2011 
2,500 1,700 2,200 2,300 
1,100 720 930 1,000 
2,400 1,500 2,400 2,300 
1,100 630 1,000 990 
740,000 500,000 660,000 740,000 
305 330 275 320 
675 800 630 ' 745 
694 705 813 675 
222 303 297 202 
9,560 3,670 7,840 8,210 
5,800 2,220 4,760 4,980 
3,260,000 1,720,000 2,620,000 3,450,000 
11,000 4,500 9,400 9,800 
6,700 2,500 5,500 ' 5,800 
33,700 20,800 ' 34,100 " 36,400 “ 


‘Includes muriate of potash, sulfate of potash, potassium magnesium sulfate, and some parent salts. Excludes other 


chemical compounds that contain potassium. 


?Data are rounded to no more than three significant digits unless otherwise specified. 


?Data are rounded to no more than two significant digits. 


^Free on board mine. 


Rounded to the nearest $5 to avoid disclosing proprietary data. 


Excludes potassium chemicals and mixed fertilizers. 
"Includes nitrate of potash. 
*Calculated from sales plus imports minus exports. 
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ТАВГЕ 2 
PRICES OF U.S. POTASH, BY TYPE AND GRADE"? 


(Dollars per metric ton of K,O equivalent) 


II CORNER ms o та 


2010 


January- July- Yearly 


Type and grade June December average June December average 
Muriate, 60% K,O minimum: 
Мо minimum: 


2011 


January- July- Yearly 


Standard 615" 650 630 ' 740 715 730 
Granular 505 г 555 530° 690 670 680 
"Revised. 


! Average Prices, free on board mine, based on sales. 
"Data rounded to nearest 55. 


TABLE 3 


U.S. EXPORTS OF POTASH, BY TYPE! 


nC Ur ——————M——À 


Includes potassium magnesium sulfate. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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Brazil, 48%; Mexico, 13%; Honduras, 8%. 
Canada, 21%; Mexico, 10%; Chile, 9%. | 
Mexico, 57%; Netherlands, 15%; Canada, 10%. 
Brazil, 17%; Canada, 15%; Mexico, 11%. 


Honduras, 34%; Mexico, 26%; Canada, 14%. 
Canada, 13%; Chile, 12%; Mexico, 11%. | 
Mexico, 41%; Netherlands, 34%; Canada, 7%. 
Canada, 13%; Mexico, 13%; Chile, 11%. 


pproximate Quantity 
average K,O (metric tons) 
equivalent content Gross КО о 
| (percentage) Weight ^ equivalent® Principal destinations, by gross weig > 
2010: 
Potassium chloride, all grades 61 248,000 151,000 
Potassium sulfate? 26 555,000 142,000 
Potassium nitrate 45 9,990 4,500 
Total XX 813,000 297,000 
2011: 
Dainese oes 
Potassium chloride, all grades 61 65,100 39,700 
Potassium sulfate” 26 594,000 154,000 
Potassium nitrate 45 16,400 7,400 
Total ХХ 675,000 202,000 


ее significant digits; may not ада to totals shown. 
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TABLE 4 
U.S. IMPORTS FOR CONSUMPTION OF POTASH, BY TYPE! 


Approximate ~ Quanity ~ ју — (та 


Approximate 
average K,O ` (metric tons) Value 
equivalent content Gross K,O (thousands) 
(percentage) weight equivalent? Customs C.i.f? Principal sources, by gross weight 
2010: 
Potassium chloride? 61 7,660,000 4,670,000 $2,530,000 $2,590,000 Canada, 86%; Russia, 13%; Israel, 1%. 
Potassium sulfate 51 99,400 50,700 41,600 44,300 Germany, 62%; Canada, 26%; Chile, 5%. 
Potassium nitrate 45 76,900 34,600 44,900 45,700 Chile, 84%; Germany, 6%; Israel, 4%. 
Potassium sodium nitrate mixture 14 353 49 245 250 Canada, 94%; China, 3%; Norway, 2%. 
Total , ХХ 7,840,000 4,760,000 2,620,000 2,680,000 Canada, 84%; Russia, 12%; Germany, 1%. 
2011: 
Potassium chloride? 61 8,000,000 4,880,000 3,340,000 3,420,000 Canada, 82%; Russia, 14%; Israel, 3%. 
Potassium sulfate 51 89,900 45,900 54,900 56,200 Germany, 59%; Canada, 28%; Chile, 9%. 
Potassium nitrate 45 115,000 51,700 59,100 60,400 Chile, 84%; Germany, 4%; Israel, 8%. 
Potassium sodium nitrate mixture 14 1,520 213 345 353 Canada, 42%; Brazil, 36%; Chile, 17%. 
Total XX 8,210,000 4,980,000 3,450,000 3,530,000 Canada, 81%; Russia, 14%; Israel, 3%. 


“Estimated. XX Not applicable. 

‘Data are rounded to no more than three significant digits; may not add to totals shown. 

*Cost, insurance, and freight. 

*Contains imports listed under Harmonized Tariff Schedule of the United States code 3104.10.0000. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 


TABLE 5 
MARKETABLE POTASH: WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons of K,O equivalent) 


Country 2007 2008 2009 2010 2011* 
Belarus 4,972 4,968 2.485 5,223 ' 5,500 
Brazil 424 383 453 453 454 Р3 
Сапада 11,085 10,379 4,297 9,788 11,005 ^? 
Chile 515 559 691 964 ' 980 
China* 2,600 2,750 3,200 ' 3,400 ' 3,700 
Germany 3,637 3,280 1,825 3,024 ' 3,010 
Israel 2,182 2,170 1,900 1,960 1,960 
Jordan 1,096 1,223 683 1,185 ' 1,378 
Russia 6,429 ' 5,992 ' 3,727 ' 6,283 ' 6,500 
Spain* 435 435 400 415 420 
United Kingdom" 427 ? 427 427 427 427 
United States* 1,100 1,100 720 930 1,000 ? 
Total 34,900 33,700 20,800 ' 34,100 ' 36,400 


“Estimated. PPreliminary. ‘Revised. 
World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


“Table includes data available through May 14, 2012. 


Е Reported figure. 
“Rounded to no more two significant digits. 
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PUMICE AND PUMICITE 


By Robert D. Crangle, Jr. 


Domestic survey data and tables were prepared by Pamela A. Wiser, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2011, U.S. pumice and pumicite production was 489,000 
metric tons (t). This was an increase of 25% compared with 
that of 2010, when the United States produced 390,000 t. The 
overall value of pumice production in 2011 was $11.2 million, 
an increase of 43% from that in 2010. The observed increase in 
total production and particularly in value followed 3 years of 
depressed production as a result of the stagnant U.S. housing and 
construction industries, where pumice is used in building blocks 
and concrete. Despite the increase, the 2011 production total 
remained 61% less than the overall 2007 production total of 
1.27 million metric tons (Mt). The apparent consumption of 
pumice and pumicite in the United States in 2011 was 498,000 t, 
an increase of 21% compared with that of 2010. Imports decreased 
by 32% to 23,000 t. Exports of 14,000 t represented an increase of 
approximately 8% compared with 13,000 t of exported pumice 
and pumicite in 2010. Pumice imports and exports represent 
relatively small amounts of U.S. apparent consumption and are 
subject to large annual fluctuations in terms of percentage. World 
production of pumice and related material was 17.4 Mt in 2011 
(table 1). 

Pumice is an extrusive igneous volcanic rock formed through 
the cooling of air-pocketed lava, which results in a highly 
porous, low-density rock (Presley, 2006). Its low density 
allows some pumice to float on water. Large pumice rafts 
that consist of clusters of floating pieces of pumice, a unique 
geologic phenomenon, have been documented to be as long 
as 30 kilometers (km) and to drift for several years in oceanic 
waters (Wood-Jones, 1910, р. 290—291; Bryan and others, 2004, 
p. 136). Pumicite is defined as grains, flakes, threads, and (or) 
shards of volcanic glass finer than 4 millimeters in diameter 
(Harben and Bates, 1984, p. 64). Pumicite and volcanic ash are 
descriptive terms that are often interchangeably used. 

The porous, lightweight properties of pumice are well 
suited for its main use as an aggregate in lightweight building 
blocks and assorted building products. In 2011, other major 
applications included abrasives, horticulture (including 
landscaping), and stonewashing of denim. Minor applications 
incorporated the use of pumice as an absorbent, as a concrete 
ageregate and admixture, as a filter aid, and as a traction 
enhancer for tires. A small percentage of pumice was used in 
abrasive-type products, including pencil erasers, a polishing 
agent for circuit boards and television monitors, an exfoliant 
in cosmetics, and a variety of heavy-duty hand cleaners. 
Imports were primarily used as raw material for blocks and as a 
lightweight aggregate. 


Production 


Domestic production data for pumice and pumicite were 
developed by the U.S. Geological Survey (USGS) from an 
annual voluntary review of U.S. pumice- and pumicite-producing 
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sites and company operations. The canvass for 2011 included 

11 companies with 12 active operations that produced, used, 

or sold pumice and pumicite in the United States. Ten of the 

11 companies responded to the canvass. Data from the single 
nonrespondent producer were estimated from reported prior-year 
information adjusted to current employment and consumption 
trends, coupled with Mine Safety and Health Administration 
employment records. Data were rounded to no more than three 
significant digits. All percentages in this report were computed 
based on unrounded data. 

U.S. pumice and pumicite production of 489,000 t was valued 
at $11.2 million. States that produced pumice and pumicite 
were, in order of decreasing production, Oregon, Nevada, Idaho, 
Arizona, California, New Mexico, and Kansas. 

Pumice is usually extracted by simple open pit methods 
using rippers, bulldozers, and front-end loaders. Processing 
is typically limited to drying, crushing, and screening, 
although some abrasive grades may require fine grinding and 
classification. Pumice blocks may be sawn into a variety of 
shapes and sizes. 


Consumption 


In 2011, 242,000 t, or 49% of the pumice and pumicite 
produced in the United States, was used for building and 
decorative blocks (table 2). This was an 10% decrease from 
that of 2010. Pumice used for horticultural and landscaping 
purposes in 2011 almost tripled to 161,000 t from the 2010 
reported total of 60,000 t. As a result of relatively small 
production totals, variations in pumice-use categories are 
subject to large annual fluctuations in terms of percentage. 
Horticultural and landscaping applications accounted for 33% 
of total consumption in 2011. Pumice and pumicite for concrete 
admixture and aggregate more than doubled to 39,000 t in 2011 
from 16,000 t in 2010 and accounted for 8% of consumption. 
Pumice used as an abrasive in 2011 increased by 9% to a total 
of 25,000 t, which accounted for 5% of consumption. The 
amount of pumice reported sold or used by several low-volume 
markets or for unreported uses grouped in the “other” category 
increased by 10% to 22,000 t in 2011 from 20,000 t in 2010 
and accounted for 5% of consumption. “Other” uses included 
absorbent (including pet litter), cosmetics, diluents, engineered 
fill, filter aids, geotechnical aids, pottery clays, highway snow 
control, road construction, and other unspecified uses. There are 
several substitutes for pumice in agriculture, horticulture, as an 
aggregate, as a concrete additive, and other end products. 
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As a result of the small number of pumice producers, coupled 
with producer-specific end-use products, the average prices 
reported for pumice and pumicite in 2011 varied greatly by 
use compared with the average price for all uses in 2010. The 
overall average prices reported for all pumice and pumicite 
products increased by 14% to $22.89 per metric ton in 2011 
from $20.00 per ton in 2010. The price change reflected 
increases in unit values of abrasives, concrete admixture and 
aggregate, and horticulture and landscaping products. The 
unit value for the building block and decorative use category 
decreased by 4% to $11.56 per ton in 2011 from $12.05 per ton 
in 2010. The average price for pumice and pumicite used for 
horticultural and landscaping increased by 35% to $19.09 per 
ton in 2011 from $14.11 per ton in 2010. The average price in 
2011 for pumice and pumicite used in nonspecialty abrasive 
applications was $11.27 per ton, an increase of 10% from 
the reported amount of $10.25 per ton in 2010. For concrete 
admixture and aggregates, $38.91 per ton was reported for 2011, 
an increase of 34% from the 2010 value of $29.12 per ton. For 
other uses, the 2011 unit value of $158.53 per ton was 8% more 
than the $146.36 unit value reported in 2010 (table 2). 


Foreign Trade 


Export and import data presented here, which are from the 
U.S. Census Bureau, are of limited accuracy. This is a result of 


Imports of crude or unmanufactured pumice and pumicite 


in 2011 decreased by 34% to 22,600 t Compared with 34,100 t 
reported in 2010. By volume most im | 
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World production of pumi 
17.4 Mt in 201 1, which was 
in 2010. As in the United St 


ce and related material was 


3% тоге than the 16.9 Mt produced 
ates in 2011, the Increase in world 
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production is attributed to а slight rebound in commercial and 
residential construction following the 2008 financial crisis. | 
Pumice is used more extensively as a building material outil 
the United States, which helps to explain the large global 
production of pumice relative to that of the United States. [n 
Europe, basic home construction uses significantly less уш 
wallboard because stone and concrete are the preferred building 
materials. Prefabricated light-weight concrete walls are often | 
produced and shipped to construction locations. Because e | 
light-weight, strength, and cementitious properties, ae 
pumicite perform well in European-style construction. In 
Greece was the leading exporter of pumice to Asia, Europe, an 
the United States. 


Outlook 


U.S. consumption of pumice and pumicite in от 
increase compared with that of 2011, as the U.S. res сте 
housing sector, a major user of pumice- and pumicite-r 
products, continues to recover. 
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TABLE 1 
SALIENT PUMICE AND PUMICITE STATISTICS! 


(Thousand metric tons and thousand dollars unless otherwise specified) 


2007 2008 2009 2010 2011 
United States: 
Sold and used by producers: ` 
Quantity 1,270 791 410 390 489 
Value” 28,900 15,900 12,300 7,810 11,200 
Average value dollars per metric ton 22.85 20.13 29.97 20.00 22.89 


Exports? 9 15 11 13 


NITIDO C R—— DC E ПИ 
Imports for consumption? 35' 65 26 34 ' 23 
ee, TM. 


1,290 841 425 411° 498 


Apparent consumption‘ 

World, production, pumice and related 
volcanic materials‘ 

"Estimated. "Revised. 

"Data are rounded to no more than three significant digits, except average value. 

?Free on board mine and (or) mill. 

Source: U.S. Census Bureau. 

*Production plus imports minus exports plus adjustments for Government and industry stock changes. 


TABLE 2 
PUMICE AND PUMICITE SOLD AND USED BY PRODUCERS IN THE UNITED STATES, BY USE! 


'Data are rounded to no more than three significant digits, except average unit value; may not add to totals shown. 


"Includes cleaning and scouring compounds. 
?Includes absorbent, diluents, fill, filter aids, laundries, pottery, and other unspecified uses. 
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20,500 " 18,300 € 17,700 € 16,900 * 17,400 


2010 2011 
Quantity Average Quantity Average 
(thousand Value unit (thousand Value unit 
Use metric tons) (thousands) value metric tons) (thousands) value 
Abrasives” 23 $239 $1025 25 $278 $11.27 
Building block, includes decorative block 270 3,260 12.05 242 2,800 11.56 
Concrete admixture and aggregate 16 476 29.12 39 1,500 38.91 
Horticulture and landscaping 60 842 14.11 161 3,070 19.09 
Other 20 2,990 146.36 22 3,540 158.53 
Total or average 390 7,810 20.00 489 11,200 22.89 
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TABLE 3 
U.S. IMPORTS FOR CONSUMPTION OF PUMICE, 


BY CLASS AND COUNTRY’ 
Crude or Wholly or partly 
unmanufactured manufactured 
Quantity Value Quantity Value 
Country (metric tons) (thousands) (metric tons) (thousands) 
ia... о ee ee RT 
China 9 $40 54 $278 
Germany -- =- 231 131 
Greece 33,200 556 4] 569 
Iceland -- -- 236 236 
Јарап 28 16 35 37 
Mexico 818 146 516 118 
Turkey -- — 19 19 
Other == € 5 41' 
Total ____34,100 — 758 1140 ë 1430 
2011: Se Se ee ee DERE 
China 5 6 30 320 
Germany 7 3 55 76 
Greece 22,300 402 -- -- 
Ireland -- -- 236 236 
Japan à 40 27 15 11 
Mexico 331 56 178 49 
Turkey ҒА be 7 7 
Other x z (2) 21 
M = ______- 25604. м. 


‘Revised. -- Zero. 


-—- Ж. 
Data аге rounded to no more than three significant digits; may not add 
to totals shown. 


21 ess than % unit. 


Source: U.S. Census Bureau. 
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Coun 
Algeria, pozzolan 
Argentina, pumice 
Burkina Faso 
Cameroon, pozzolan 
Chile, pumice and pozzolan 
Croatia, volcanic tuff 
Dominica, pumice and volcanic tuff 
Ecuador: 
Pozzolan 
Pumice 
EI Salvador, pozzolan 
Eritrea, pumice 
Ethiopia” 
France, pozzolan and lapilli 
Greece: 
Pozzolan, Santorin earth 
Pumice 
Guadeloupe, pumice 
Guatemala, pumice 
Honduras, pozzolan 
Iceland: 
Pumice 
Scoria 
Iran 
Italy: 
Pozzolan 
Pumice and pumiceous lapilli 
Jamaica, pozzolan 
Kosovo, volcanic tuff 
Macedonia, volcanic tuff 
Martinique, pumice 
New Zealand 
Philippines: 
Pumice 
Volcanic tuff 
Saudi Arabia, pozzolan 
Serbia, volcanic tuff 
Solvenia, volcanic tuff 
Spain, including Canary Islands 
Syria, volcanic tuff 
Tanzania, pozzolanic materials 
Turkey 
Uganda, pozzolanic materials 
United States, pumice, sold and used by producers“ 
Grand total 
Of which: 
Pumice 
Pozzolan 
Scoria 
Volcanic tuff 
Unspecified 
See footnotes at end of table. 
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TABLE 4 
PUMICE AND RELATED MATERIALS: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 
2007 2008 
570,000 4 490,567 4 
16,200 4 6,500 4 
10,000 10,000 
600,000 600,000 
1,135,771 4 1,063,176 * 
15,085 * 15,000 
100,000 100,000 
803,502 "4 901,379 "4 
153,500 4 137,241 "4 
-. Т S: 
55 ^ 60 
22,000 * 35,000 ^ 
250,000 276,000 
1,400,000 1,059,000 ^ 
850,000 828,000 4 
210,000 210,000 
220,389 * 393,779 * 
NA' МА ' 
100,000 100,000 
1,000 1,000 
1,500,000 1,500,000 
4,000,000 3,000,000 
20,000 20,000 
114,482 * 124,304 4 
NA r$? 39,631 547 
80,910 ^ 103,476 * 
130,000 130,000 
354,903 4 174,729 * 
1,912 4 2,063 4 
16,490 4 17,570 * 
784,000 ^ 810,000 
m r wa Т 
40,000 40,000 
600,000 600,000 
810,000 901,000 4 
184,070 * 260,403 * 
3,995,423 4 3,449,773 4 
140,000 140,000 
1,270,000 791,000 


20,500,000 " 


2,950,000 
8,600,000 ' 

1,000 
962,000 * 

7,990,000 


18,300,000 * 


2,600,000 * 
7,390,000 
1,000 
1,120,000 " 
7,230,000 


2009 
328,000 ^ 
7,020 * 
10,000 
600,000 
919,249 * 
15,000 
100,000 


884,773 "5 
44171 4 


r 


60 
25,000 "4 
276,000 


830,000 
381,000 
200,000 
394,955 4 
МА ' 


100,000 
1,000 
1,500,000 


3,000,000 
20,000 
132,470 * 


51,769 <? 


113,064 4 
130,000 
159,357 ^ 


2,064 4 
18,830 4 
800,000 


T 


40,000 
600,000 
957,639 * 
171,904 "5 

4,322,543 * 
140,000 
410,000 

17,700,000 ' 


1,670,000 ' 
6,890,000 ' 
1,000 
1,200,000 ' 
7,930,000 ' 


2010 
236,961 ^* 
7,582 "4 
10,000 
600,000 
824,049 "^ 
15,000 
100,000 


640,620 "^ 
75,000 * 


r 


60 
35,000 "4 
276,000 


900,000 
380,000 
200,000 
340,000 * 
NA' 


100,000 
1,000 
1,500,000 


3,000,000 
20,000 
125,000 
52,800 ^? 
113,000 
130,000 
118,249 "4 


2,274 "* 
19,166 ^^ 
915,000 "^ 


r 


40,000 
600,000 
950,000 

45,240 "* 

4,000,000 
140,000 
390,000 


16,900,000 ' 


1,630,000 ' 
6,600,000 " 
1,000 
1,190,000 ' 
7,480,000 " 


2011 
300,000 
7,000 
10,000 
600,000 
850,000 
15,000 
100,000 


700,000 
100,000 
60 
35,000 
276,000 


850,000 
375,000 
210,000 
150,000 

NA 


100,000 
1,000 
1,500,000 


3,000,000 
20,000 
125,000 
52,800 7 
113,000 
130,000 
120,000 


2,300 
19,500 
950,000 
40,000 
600,000 
900,000 
45,000 
4,500,000 
140,000 
489,000 
17,400,000 


1,560,000 
6,710,000 

1,000 
1,140,000 
8,010,000 


TABLE 4—Continued 


PUMICE AND RELATED MATERIALS: ESTIMATED WORLD PRODUCTION, BY COUNTRY? 
‘Revised. NA Not available. — Zero. 
World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
"Table includes data available through May 5, 2012. 
countries, including China, Japan, Mexico, and the Commonwealth f 


produced in a number of other 


*Pumice and related materials also are 
on is inadequate for the formulation of reliable estimates of output levels. 


Independent States, but available informati 


‘Reported figure. 


“Data are for year ending July 7 of that stated. 
боп February 17, 2008, the Kosovo Assembly declared independence from Serbia. Kosovo’s data for 2007 are not included in Serbian statistics. 
—not available; 2008—45,005; 2009—58,788; 2010—60,000 (estimated); 


"Converted from reported data, in cubic meters, as follows: 2007 
and 201 1—60,000 (estimated). 
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RARE EARTHS 


By Joseph Gambogi 


Domestic survey data and tables were prepared by Martha L. Jackson, statistical assistant, and the world production tables 


were prepared by Lisa D. Miller, international data coordinator. 


In 2011, world rare-earth production was primarily from 
the minerals bastnásite and monazite. Rare-earth ores were 
primarily mined in China, with smaller amounts mined in India, 
Australia, Malaysia, and Brazil, listed in order of decreasing 
production (tables 6, 7). Processing of intermediate rare-earth 


concentrates took place at the Mountain Pass Mine in California. 


At yearend, plans were underway to resume mining at Mountain 
Pass for the first time since 2002. 

Domestic use of scandium remained limited in 2011. Demand 
was primarily for aluminum alloys used in baseball and softball 
bats. Scandium alloys, compounds, and metals were also used 
in analytical standards, metallurgical research, and other sports 
equipment. Minor amounts of high-purity scandium were used 
in semiconductors and specialty lighting. 

Based on import data from the Port Import Export Reporting 
Service (PIERS) database of Commonwealth Business Media, 
Inc. (undated), domestic yttrium imports for consumption 
decreased by 18% in 2011 compared with those of 2010. 
Yttrium was used primarily in linear fluorescent lamp and 
cathode-ray tube phosphors; lesser amounts were used in 
structural ceramics and oxygen sensors. Because yttrium stocks 
are replenished sporadically, year on year changes do not 
necessarily refiect trends in consumption. 

The rare earths are a moderately abundant group of 17 
elements comprising the 15 lanthanides, scandium, and 
yttrium. The lanthanides are the elements with atomic numbers 
57 through 71 that include the following in order of atomic 
number: lanthanum, cerium, praseodymium, neodymium, 
promethium, samarium, europium, gadolinium, terbium, 


dysprosium, holmium, erbium, thulium, ytterbium, and lutetium. 


At an average concentration in the Earth’s crust of 60 parts per 
million (ppm), cerium is more abundant than copper, followed 
in decreasing order, by yttrium at 33 ppm, lanthanum at 30 
ppm, and neodymium at 28 ppm. Thulium and lutetium, the 
least abundant of the lanthanides at 0.5 ppm, occur in the 
Earth’s crust in higher concentrations than antimony, bismuth, 
cadmium, and thallium. In rock-forming minerals, rare earths 
typically occur in compounds as trivalent cations in carbonates, 
oxides, phosphates, and silicates (Mason and Moore, 1982, 

p. 46). 

Rare earths can be classified as either light rare-earth 
elements (LREE) or heavy rare-earth elements (HREE). The 
LREE include the lanthanide elements from atomic number 57 
(lanthanum) through atomic number 64 (gadolinium), and the 
HREE include the lanthanide elements from atomic number 65 
(terbium) through atomic number 71 (lutetium). The division is 
based on the LREE having unpaired electrons in the 4f electron 
shell, and HREE having paired electrons in the 4f electron 
shell. Gadolinium has a very stable half-filled 4f electron shell 
with seven unpaired electrons. Proceeding with terbium and 
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continuing along the series through lutetium, paired electrons 
are progressively added to the 4f electron shell for each 
respective element in the HREE lanthanide series until there 
is a full complement of 14 electrons in the 4f electron shell of 
lutetium. Yttrium is included as a HREE even though it is not 
part of the lanthanide contraction series. | 

Scandium (atomic number 21), a transition metal, is the 
lightest REE but it is not classified as one of the group of LREE 
nor one of the HREE. It is the 31st most abundant element 
in the Earth’s crust, with an average crustal abundance of 22 
ppm. Scandium is a soft, lightweight, silvery-white metal, 


similar in appearance and weight to aluminum. Although its 


occurrence in crustal rocks is greater than that of lead, mercury, 
and the precious metals, scandium rarely occurs in concentrated 
quantities because it does not selectively combine with the 
common ore-forming anions. 

Yttrium (atomic number 39), a transition metal, is chemically 
similar to the lanthanides and often occurs in the same minerals 
as a result of its similar ionic radius. Its atomic radius of 
104 picometers in the trivalent state places it in relative size 
between the ionic radii of holmium and erbium (104.1 and 103 
picometers, respectively) and it is included as one of the HREE. 
Yttrium is the second most abundant rare earth in the Earth’s 
crust. Yttrium is a bright silvery metal that is soft and malleable, 
similar in density to titanium. 

The elemental forms of rare earths are iron gray to silvery 
lustrous metals that are typically soft, malleable, ductile, and 
usually reactive, especially at elevated temperatures or when 
finely divided. Melting points range from 798° C for cerium to 
1,663° C for lutetium. The unique properties of rare earths make 
them useful in a wide variety of applications such as batteries, 
catalysts, magnets, and phosphors. The principal economic 
ores of the rare earths are the minerals bastnásite, loparite, and 
monazite and the lateritic ion-adsorption clays (table 2). 


Production 


In 2011, rare earths were not mined in the United States 
(table 1). Molycorp, Inc. resumed mining at its Mountain Pass 
operation at yearend, but production of rare-earth oxide (REO) 
products during the year was from stockpiled concentrates. In 
2011, Molycorp sales from Mountain Pass increased to 3,050 
metric tons (t) of REO equivalent, a 67% increase compared 
with sales in 2010. The first phase of the company's Project 
Phoenix was expected to add 19,100 t of annual REO capacity 
and was scheduled for completion by yearend 2012 (Molycorp, 
Inc., 2012b). 

U.S. processors of rare-earth permanent magnets and 
permanent magnet materials included Arnold Magnetic 
Technologies Corp., Electron Energy Corp., Great Western 
Technologies, Inc., and Santoku America, Inc. Sigma-Aldrich 
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Co. LLC produced a variety of scandium compounds from 
imported materials, All domestic, commercially produced, 
purified yttrium products were derived from imported 
compounds. The principal source of these compounds was 
China. 

In April, Molycorp acquired Santoku America which 
produced rare-earth metals and magnet alloys at its operations in 


Tolleson, AZ. Santoku America produced both neodymium-iron- 


boron and samarium-cobalt permanent magnets (Molycorp, Inc., 
201 2a, р. 13). 

Owing to market conditions, several mineral exploration and 
development projects were underway. Drilling and prefeasibility 
studies were underway in Alaska, Nebraska, and Wyoming. 

At yearend, Rare Element Resources Ltd. neared completion 
of an updated National Instrument (NI) 43-101 compliant 
mineral resource estimate at its Bear Lodge project near 
Sundance, WY. The updated estimate of the Bull Hill deposit 
consisted of 6.8 million metric tons (Mt) averaging 3.75% REO 
in measured and indicated mineral resources, using a 1.596 REO 
cutoff grade. At yearend, a preliminary feasibility study was 
underway and was scheduled to be completed in 2012 
(Rare Element Resources Ltd., 2012). 

In 2011, Ucore Rare Metals Inc. announced the results of a 
NI 43-101 report for its Bokan Mountain project in Alaska. 
Using a 0.5% REO cutoff, inferred resources were estimated to 
be 27,400 t of REO with 45% reported to be heavy REO. The 
resource was classified as inferred owing to the limited sample 
data available within the deposit area. A preliminary economic 
assessment was expected to be completed in 2012 (Ucore Rare 
Metals Inc., 2011). 


Consumption 


Data on domestic rare-earth consumption were developed by 
surveying known processors and manufacturers and evaluating 
import and export data. Domestic apparent consumption of rare 
earths was not calculated in 2011 because data were withheld to 
avoid disclosing company proprietary data. 

In 2011, yttrium consumption was estimated to have 
decreased to 550 t from 670 t in 2010. Yttrium information was 
based on data retrieved from the PIERS database. The leading 
source of yttrium compounds and metal in 2011 was China 
(94%). The estimated use of yttrium, based on imports, was 
primarily in phosphors, ceramics, metal casting, and specialty 
alloys. 


Prices 


There was much speculation concerning China's ability to 
restrict the supply of REO through quotas, licensing, and taxes; 
prices of rare-earth products fluctuated significantly in 2011. 
According to Metal-Pages, most rare-earth metal and oxide 
prices spiked in mid-2011, fell toward yearend, but finished 
the year significantly higher than yearend 2010. Prices for 
dysprosium, europium, and terbium metals and oxides were 
among the most volatile. 

The yearend prices of most rare-earth materials, provided by 
Rhodia Inc., were higher in 2011 compared with those of 2010 
(table 3). On average, REO yearend prices increased by 18296 


60.2 


from those in 2010. Scandium oxide prices were moderately 
higher than those in 2010. 


Foreign Trade 


Data in this section are based on gross weight, although data 
in the tables are also converted to REO content. U.S. exports 
totaled 10,050 t valued at $249 million, a 24% increase in 
quantity and a 183% increase in value compared with those of 
2010. On a gross-weight basis, rare-earth compounds (excluding 
cerium) was the largest export category, accounting for 36% of 
total exports (table 4). 

U.S. rare-earth imports totaled 10,000 t valued at $802 
million, approximately a 3896 decrease in quantity and a 
324% increase in value compared with those of 2010 (table 5). 
Elevated prices caused U.S. imports to fall to the lowest level 
since 1994. China continued to dominate most import markets, 
especially for mixed and individual rare-earth compounds. 
France was the leading source of ferrocerium and other 
pyrophoric alloys. 


World Review 


Australia.—In New South Wales, Alkane Resources Ltd. 
continued to develop its Dubbo Zirconia project with planned 
production of hafnium, niobium, rare earths, tantalum, and 
zirconium products. In September, a definitive feasibility study 
was completed based on a 20-year operation with a potential 
production of 4,170 metric tons per year (tyr) of REOs. Proven 
and probable reserves of REO, including yttrium oxide, РА 
estimated to contain 316,000 t of REO, based опа 1.5% ES 
grade (combined ZrO,, Nb,O,, and REO). Alkane oni) 
begin mine production in 2014 (Alkane Resources Ltd., a 

Arafura Resources Ltd. continued to develop 15 eae 
Bore mining and beneficiation project in the ено $ 
and its Whayalla processing operation in South Aus p E 
2011, Arafura continued a demonstration project tha ps — 
2010. In the fourth quarter of 2011, а mineral sae y m 
produced from 1,500 t of ore and further iy ene : 
into REO was planned to be completed in 201 | re 
feasibility study was — to be complete 

Arafura Resources Ltd., 2011). e-earth 

| In May, Lynas Corp. Ltd. began ао proces 
concentrate from its Mount Weld ieee је ep tok 
operations in Western Australia. At year x bagged and | 
concentrate containing 2,190 | of d w essing 
ready for shipment pending the со 11). 
оше! к in Malaysia (Lynas C огр. i dn jud Rare Metals 

= Northwest Territories; 

Сапада.— т the ibility study оп! 
Inc. completed an updated cient was based on an ann 
production output of 8,240 Шуто ted study did notin” ey 
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nonbinding memorandum of understanding (MOU) with Toyota 
Tsusho Corp. The MOU could facilitate Toyota support for 
feasibility study expenditures and set up offtake agreements 

for the Kipawa project (Matamec Explorations Inc., 201 1c). 

In 2012, the company planned to proceed with processing and 
hydrometallurgical pilot-plant studies for the Kipawa project 
(Matamec Explorations Inc., 201 1a). 

In Quebec and Newfoundland and Labrador, Quest Rare 
Minerals Ltd. continued drilling and updated its resource 
estimate on its Strange Lake B-zone deposit. According to its NI 
43—101 report, at a cutoff grade of 0.579% REO, the indicated 
resource estimate was 140.3 Mt grading 0.93% REO. In 2012, 
the company planned a parallel path for work required to 
complete prefeasibility and bankable feasibility studies (Quest 
Rare Minerals Ltd., 2012, p. 5—10). 

China.—China continued to dominate the supply of REE, 
accounting for 95% of global mine production in 2011. Mine 
production was primarily from bastnásite and other rare-earth 
minerals in Nei Mongol Autonomous Region and Sichuan 
Province and from ion adsorption ores in Fujian, Guangdong, 
and Jiangxi Provinces in southeastern China. 

Citing domestic requirements and environmental concerns, 


· China restricted supply of REE through quotas, licenses, and 
, taxes. The Ministry of Land and Resources increased the quota 


for China’s REO production in 2011 to 93,800 t compared with 
89,200 t in 2010. The production quota included 80,400 t of 
light REOs and 13,400 t of heavy REOs. Ninety-three percent of 
the light REO quota was allocated to Nei Mongol Autonomous 
Region and Sichuan Province, and 99% of the heavy REO 
quota was allocated to the Fujian, Guangdong, and Jiangxi 
Provinces (Ministry of Land and Resources of the People’s 
Republic of China, 2011). In December, China’s Ministry of 
Commerce announced a first-batch rare-earth export quota of 
24,900 t for 2012. Unlike prior years, the Government specified 
quantities for light or middle and heavy rare earths allocated to 
each company. The Government also withheld export quotas 
for companies that did not meet the environmental protection 
guidelines (Reuters, 2011). 

Estonia.—Molycorp acquired AS Silmet. Silmet’s operations 
in Sillamáe produced rare-earth compounds and metals from 
rare-earth concentrates. The acquisition was renamed Molycorp 
Sillamáe and increased Molycorp's REO separation capacity by 
3,000 t/yr (Molycorp, Inc., 2012a, p. 4). 

India.—In July, Toyota Tsusho Corp.’s Indian subsidiary, 
Toyotsu Rare Earths Orissa Pvt. Ltd., started construction of 
a REO processing plant in Orissa. The plant was scheduled to 
be completed in 2012 and was expected to produce as much as 
2,500 t/yr of REO derived from monazite produced at Indian 
Rare Earth Ltd.'s heavy-mineral sands operation (Toyota Tsusho 
Corp., 2012, p. 23). 

Japan.—Sojitz Corp. and Japan Oil, Gas and Metals National 
Corp. (JOGMEC) agreed to provide Lynas with $250 million in 
financial assistance through a loan and equity. The companies 
also agreed that Lynas would provide an 8,500-t allocation of 
rare-earth products for the Japanese market during a 10-year 
period. The assistance was expected to allow Lynas Corp. to 
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expand its production capacity in Australia and Malaysia (Lynas 
Corp. Ltd., 2012, p 12). 

Malaysia.—Lynas neared completion of its processing plant 
near Kuantan with an initial capacity of 11,000 t/yr of REO. 
Mineral concentrate from Australia was expected to supply the 
cracking and separation operation. The company commenced 
work on expanding REO capacity at Kuantan to 22,000 t/yr 
(Lynas Corp. Ltd., 2012, p. 12). 

South Africa.—Great Western Minerals Group Ltd. 
(GWMG) was moving ahead with a project to recommission the 
abandoned Steenkampskraal (SKK) Mine in the Western Cape 
owned by Steenkampskraal Monazite Mine Ltd. (SMM). In 
July, GWMG received approval for a work program from the 
South African National Nuclear Regulator. The approval was 
expected to enable SMM to begin refurbishing the mine site and 
conduct a drilling program to confirm and expand resources. 
GWMG and China's Ganzhou Qiandong Rare Earth Group Ltd. 
agreed to form a joint venture to build a rare-earth separation 
plant near the SKK Mine. A detailed design for a processing 
plant in which ore is converted into rare-earth chlorides was 
expected by yearend (Great Western Minerals Group Ltd., 2012, 
p. 5-6). 


Outlook 


Rare-earth use in catalysts, magnets, phosphors, and 
rechargeable batteries is expected to continue to increase to 
keep up with future global demand for automobiles, consumer 
electronics, energy efficient lighting, and alternative energy 
sources. Demand for cerium and lanthanum for use in 
automotive catalytic converters and catalysts for petroleum 
refining is expected to follow refinery and automotive 
production. 

REE magnet production was projected to increase to 
150,000 t by 2014 from 92,000 t in 2011. Future growth was 
expected for rare earths in rechargeable NiMH batteries, 
especially those used in hybrid vehicles, increasing to 62,000 t 
REO by 2014 (BCC Research, 2010). NiMH demand was 
expected to be moderated by increasing demand for lithium-ion 
batteries. Increased rare-earth use was expected in fiber optics, 
medical applications that include dental and surgical lasers, 
magnetic resonance imaging, medical contrast agents, medical 
isotopes, and positron emission tomography scintillation 
detectors. 

Rare-earth content of world reserves is greater than 
cumulative world consumption expected into the 21st century; 
however, recent shortages of rare earths for alloys, magnets, and 
phosphors have compelled companies to explore and develop 
rare-earth deposits throughout the world. Although the industry 
had shifted away from using naturally occurring radioactive 
rare-earth ores, several new projects are based on monazite ores. 
Long-term demand for monazite is expected to increase because 
of the minerals abundant supply and low-cost byproduct 
recovery. Thorium's use as a nuclear material is a possible 
substitute for uranium in the future. If consumption of thorium 
increases, monazite could resume its role as a major source of 


rare earths. 
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TABLE 2 
RARE EARTH CONTENTS OF MAJOR AND POTENTIAL SOURCE MINERALS"? 


(Percentage of total rare-earth oxide) 


в 


Monazite 
Mountain Pass, Bayan Obo, Inner North Capel, North Stradbroke Island, Green Cove Springs, Nangang, 


- Rare earth CA, United State? Моп olia, China” Westem Australia? Queensland, Australia? FL, United States’ Guangdong, China 
Yttrium 0.10 trace 


2.40 2.50 3.20 24) 
Lanthanum — — — 33.20 23.00 23.90 21.50 17.50 2300 
Cerium _____ 49.10 50.00 46.00 45.80 43.70 010 
Praseodymium 4.34 6.20 5.00 5.30 5.00 4n 
Neodymium 12.00 18.50 17.40 18.60 17.50 17.00 
Samarium 0.8 0.8 2.53 3.10 4.90 30 
Europium 0.1 0.2 0.053 0.8 0.16 0] 
Gadolinium 0.2 0.7 1.49 1.80 6.60 20 
Terbium trace 0.1 0.035 0.3 0.26 0] 
Dysprosium trace 0.1 0.7 0.60 0.9 08 
Holmium trace trace 0.053 0.1 0.11 ou 
Erbium trace trace 0.2 0.2 trace 03 
Thulium trace trace trace trace trace trace 
Ytterbium trace trace 0.1 0.1 0.21 240 
Lutetium trace trace trace 0.01 trace 0.14 
Total 100 100 100 100 100 100 
See ee Еу eae Comes [ЦА 
Eastern coast, Mount Weld, Lahat, Perak, Southeast Xunwu, Jiangxi Longnan, Jiangxi 
В Australia’? ^ Malaysia! o Guangdong, China" Province, China" __ Province, Chin 
Yttrium 1.40 trace 61.00 59.30 8.00 65.0 
Lanthanum 24.00 26.00 1.24 1.20 43.4 180 
Cerium 47.00 51.00 3.13 3.00 2.40 04 
Praseodymium 4.50 4.00 0.5 0.6 9.00 W 
Neodymium 18.50 15.00 1.60 3.50 31.70 ‘a 
Samarium 3.00 1.80 1.10 2.20 3.90 ки 
Europium 0.1 0.4 trace TEC 0.5 690 
Gadolinium 1.00 1.00 3.50 5.00 3.00 13 
Terbium 0.1 0.1 0.9 1.20 trace 610 
Dysprosium 0.4 0.2 8.30 9.10 irage 1,60 
Holmium trace 0.1 2.00 2.60 trace 490 
Erbium 0.1 0.2 6.40 5.60 UPON 0 
Thulium trace trace 1.10 1.30 iie 250 
Ytterbium 0.02 0.1 6.80 6.00 0.3 04 
Lutetium not determined trace 1.00 1.80 0.1 100 
Total 100 100 100 HU... oo epe 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
*This table is in atomic numerical order. 
Johnson, G.W., and Sisneros, T.E., 1981, Analysis of rare-earth elements in ore concentrate samples using direct current plasma spectro 
of the 15th Rare Earth Research Conference, Rolla, MO, June 15-18, 1981: New York, NY, Plenum Press, v. 3, p. 525-529. T 
“Zang, Zhang Bao, Lu, Ke Yi, King, Kue Chu, Wei, Wei Cheng, and Wang, Wen Cheng, 1982, Rare-earth industry in China: Hydrometallurey, 
р. 205-210. 
?Westralian Sands Ltd., 1979, Product specifications, effective January 1980: Capel, Australia, Westralian Sands Ltd. brochure, 8 p. 
^ Analysis from Consolidated Rutile Ltd. 
7 Analysis from RGC Minerals (USA), Green Cove Springs, FL. als on Permanent Magnet 
PS Zhang, 1986, The present status of Nd-Fe-B magnets in China—Proceedings of the Impact of Neodymium-Iron-Boron Mater! 
Users and Producers Conference, Clearwater, FL, March 2-4, 1986: Clearwater, FL, Gorham International Inc., 5 p. 
?Krumholz, Pavel, 1991, Brazilian practice for monazite treatment: Symposium on Rare Metals, Sendai, Japan, December 12- pecu 
Kingsnorth, Dudley, 1992, Mount Weld—A new source of light rare earths—Proceedings of the TMS and Australasian Institute 
Rare Earth Symposium, San Diego, CA, March 1-5, 1992: Sydney, Australia, Lynas Gold NL, 8 p. 
Nakamura, Shigeo, 1988, China and rare metals—Rare earth: Industrial Rare Metals, no. 94, May, p. 23-28. 

Introduction to Jiangxi rare-earths and applied products, 1985, Jiangxi Province brochure, 42 p. 
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TABLE 3 
RARE-EARTH OXIDE PRICES IN 2011! 


Standard package Price 


Purity quantity- (dollars per 
Product (oxide) (percentage) (kilograms) kilogram) 

Scandium? 99.99 NA 3,700 
Yttrium? 99.99 20 165 
Lanthanum’ 99.99 20 100 
Cerium? 99.50 20 100 
Praseodymium? 96.00 20 225 
Neodymium? 95.00 20 270 
Samarium? 99.90 20 118 
Europium? 99.99 20 3,300 
Gadolinium? 99.99 20 239 
Terbium? 99.99 20 2,750 
Dysprosium? 99.00 20 1,600 
Holmium’ 99.90 10 NA 
Erbium? 96.00 20 255 
Thulium? 99.90 5 NA 
Ytterbium? 99.00 10 450 
Lutetium’ 99.99 1 ог 10 4,000 
МА Not available. 


'This table is in atomic numerical order. 
Source: Stanford Metals Corp. 
Source: Rhodia Electronics & Catalysis, Inc. 
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ТАВГЕ 4 


U.S. EXPORTS OF RARE EARTHS, ВУ COUNTRY! 
ee ee „= 


Category and coun 
Cerium compounds (2846.10.0000): 
Australia 
Austria 
Belgium 
Brazil 
Canada 
China 
Estonia 
France 
Germany 
Hong Kong 
India 
Japan 
Korea, Republic of 
Mexico 
Netherlands 
Russia 
Singapore 
Taiwan 
United Kingdom 
Vietnam 
Other 
Total 
Total estimated equivalent rare-earth oxide (REO) content 
Ferrocerium and other pyrophoric alloys (3606.90.0000): 
Argentina 
Australia 
Canada 
China 
Egypt 
France 
Germany 
Greece 
Hong Kong 
India 
Israel 
Japan 
Korea, Republic of 
Mexico 
Netherlands 
New Zealand 
Saudi Arabia 
Singapore 
Sweden 
Taiwan 
Unjted Arab Emirates 
United Kingdom 
Other 
Total 
Total estimated equivalent REO content 
Rare-earth compounds? (2846.90.0000): 


Austria 
Е 
E I, nee ee eee ee 
Е e a савсани 

Е eee eee en 
Ора ee 


Estonia 
E o ncm TEENS 
France 
а дЫ Мы ш сы ee УН 
Germany 


а ee 3820 ——Ё 


ее footnotes at end of table. 


2010 2011 
Gross weight Gross weight 
(kilograms) Value (kilograms) Value 
9 $8,060 2,040 $154,000 
122,000 1,530,000 64,900 3,780,000 
5,000 5,000 9.060 378,000 
7,900 133,000 12,400 144,000 
25,300 284,000 39,600 513,000 
255,000 2,110,000 139,000 1,780,000 
-- = 378,000 6,380,000 
95,300 412,000 69,700 3,490,000 
124,000 1,110,000 141,000 1,800,000 
18,100 446,000 26,900 1,330,000 
15,700 159,000 27,200 416,000 
180,000 3,170,000 122,000 4,140,000 
25,900 214,000 7,590 82.000 
241,000 1,420,000 80,000 2.130,000 
64,500 364,000 102,000 637,000 
11,400 399,000 22.800 3,200,000 
181 9.500 4,850 121,000 
8,490 156,000 4,740 158,000 
14,400 737,000 20,100 592,000 
= = 161,000 14,500,000 
139,000 г 1,680,000 г 202,000. 5,210,000. 
1,350,000 14,300,000 1,640,000 50,900,000 
1,350,000 XX 1,640,000 XX 
143 4,920 142 5,160 
12,700 2,750,000 15,300 3,660,000 
513,000 2,040,000 462,000 2,040,000 
100,000 789,000 1,610 18,900 
1,260 102,000 39 18,500 
35,400 183,000 13,400 и 
7,760 176,000 6,790 un 
639 42,200 369 qe 
9,450 305,000 16,300 оа 
315,000 182,000 14,300 E 
1,210 10,700 TI 
| 1,300 559,000 
17,100 504,000 31. pem 
1,380 73,100 2,580 
| 0,000 259000 
2,300,000 4,840,000 1,120, 114,000 
229,000 1,180,000 33,700 T 
268 5,400 ; P 41,800 
1,280 40,300 , 911,000 
% A 12,400 0 4 
408 13,200 380 ую 
_ й 52.400 < 540,000 
168,000 4,790,000 53 1,150,000 
163,000 ' 941,000" 3355) 18,0000 
____163,000" ___- 
3,900,000 19,000,000 DN XX 
3,460,000 XX Јо | 
4.150,00 
00 , 
279,000 616,000 eoe 223,000 
248,000 l, 1,360,000 
9,450 d 88 900 ^ 
588,000 3,150,000 
49,600 Se 61,900 ee 
47,000 906,0 13 306 я 
9.010 25,500 А 2,300,00 
; id 136,000 19:100000 
Ў 20,000 1010000 247000 
77,700 220, 123,00 =” 10.000 
442,000 2,510, — 
23,000 3 0 50,000 — — РУ 
38,200 1,420,000_____ к=к 
y MINERAL 
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TABLE 4—Continued 
U.S. EXPORTS OF RARE EARTHS, BY COUNTRY! 


eee 


Category’ and coun 
Rare-earth compounds” (2846.90.0000)— Continued: 
Hong Kong 
India 
Italy 
Japan 
Korea, Republic of 
Mexico 
Netherlands 
Singapore 
Taiwan 
Thailand 
United Kingdom 
Vietnam 
Other 
Total 
Total estimated equivalent REO content 
Rare-earth metals, including scandium and yttrium (2805.30.0000): 
Brazil 
China 
Estonia 
Germany 
Hong Kong 
India 
Japan 
Mexico 
Philippines 
Taiwan 
Vietnam 
Other 
Total 
Total estimated equivalent REO content 
"Revised. XX Not applicable. -- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 


?Harmonized Tariff Schedule of the United States category numbers. 
Inorganic and organic. 
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2010 2011 
Gross weight Gross weight 
(kilograms) Value (kilograms) 
1,090 $69,500 68,200 
18,500 127,000 96,900 
16,300 108,000 2,050 
379,000 13,900,000 115,000 
90,100 940,000 29,700 
79,800 1,160,000 351,000 
107,000 1,560,000 569,000 
12,000 204,000 17,900 
1,670 407,000 1,750 
1,140 385,000 334,000 
77,400 1,930,000 11,000 
62,500 682,000 304,000 
313,000 г 1,300,000 т 100,000 
1,690,000 27,200,000 3,620,000 
1,690,000 XX 3,620,000 
84,200 1,290,000 56,100 
316,000 1,230,000 951,000 
1,030 т 40,000 " 77,700 
7,220 317,000 10,400 
990 190,000 56,600 
6,780 380,000 10,600 
639,000 19,800,000 839,000 
675 83,700 1,230 
-- -- 394,000 
801 64,700 -- 
49,000 3,310,000 76,700 
43,300 : 797,000 " 50,600 
1,150,000 27,500,000 2,520,000 
1,380,000 XX 3,030,000 
а 


Value 


$2,380,000 
2,510,000 
140,000 
11,700,000 
593,000 
4,570,000 
9,040,000 
221,000 
242,000 
36,700,000 
626,000 
9,060,000 
2,700,000 
116,000,000 
KX 


1,330,000 
2,750,000 
352,000 
412,000 
274,000 
840,000 
48,000,000 
160,000 
3,400,000 
1,620,000 
4,780,000 
63,900,000 
XX 
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TABLE 5 
І 
U.S. IMPORTS FOR CONSUMPTION OF RARE EARTHS, ВУ COUNTRY 


2010 2011 
Gross weight Gross weight 
Category” and country (kilograms) Value (kilograms) Value 
Cerium compounds, including oxides, hydroxides, nitrates, sulfate, chlorides, 
46.10.0000): 
Е жалны 131,000 — $1,400,000 302,000 — $10,400,000 
China 2,010,000 13,500,000 640,000 38,500,000 
Estonia 200,000 1,040,000 182,000 10,600,000 
France 11,800 685,000 48,000 2,370,000 
Japan 139,000 4,700,000 168,000 gi 
Korea, Republic of 32,400 275,000 cs sett 
United Kingdom 60,100 155,000 з 
Other 61,500 ' 939,000 ' 327,000 et 
Total 2,640,000 22,600,000 1,670,000 S 
000 
Total estimated equivalent rare-earth oxide (REO) content 1,770,000 XX 1,120, M 


Ferrocerium and other pyrophoric alloys (3606.90.3000): 


28,200 646000 
Austria 25,400 BER 0 801,000 
11,900 184,000 44,10 | 
China | 2.290.000 133,000 2440000 
France 110,000 cs е 29,500 
Germany S 2.070 8,500 
Netherlands м 0 8,500 
Taiwan 700 ape” P 3,930,000 
EC ш уу т a ea 148,000 3,110,000 mare УХ 
0 
Total estimated equivalent REO content 131,000 XE e 
Mixtures of rare-earth chlorides, except cerium chloride (2846.90.2050): 3 > 
A ЕНЕСИН а эу c 0000 686000 4060000 
ue COT MD ————————— 126.000 12,000 dico 
Estonia 4,000 2 120.000 7,010,000 
eaa r ооо , , 
France 10,300 243,000 10.400 2.980,000 
Germany с с за 219 REA. 21 200 2,360,000 
Japan 19,500 206,000 , 000 
Korea, Republic of Ra Ж 2 48 186,000 
Russia 138 76,400 - 
pee y: i а ŘS a 
United Kingdom 15,000 121,000 xod 141,000 
Other = — 31 000 51,700,000 
Total 2,080,000 12,000,000 8 ин XX 
Total estimated equivalent REO content 956,000 XX = 
Mixtures of REOs except cerium oxide (2846.90.2010): 11.000 1,080,000 
Canada -- j 600,000 
China 5,410,000 33,400,000 1,740,000 p ж 
Estonia | ad = за ; 39,200 
Germany 1,270 65,400 : ~ 4.240,000 
Leland OOOO 34,600 2,830,000 а 656,000 
Ay вау юш e 
EC NE  ——  — 4 9,310 148,000 12020 230,000 
Rsa 63 35,100 LBI: o) 
ое 56 t 22,900 ' 2,020 102,000,000 
EE = I Hr NECI ee os 
Total estimated equivalent REO content 5,480,000 XX 1,830,000 
Rare-earth compounds, including oxides, hydroxides, nitrates, other compounds 
except chlorides (2846.90.8000): 15,900,000 
Austria 108,000 4,390,000 нан "600,000 
Cana ОООО шы шыш НЕН Е К 6000 os 
China 4,080,000 55,400,000 3,340,000 *5 50000 
France 542,000 16,600,000 25,009 | 500,000 
Germany 700 208,000 8809 100 
Hong Kong 100 6,800 1,240 "e 0.000 
Japan 417,000 17,300,000 70,000 7 "208,000 
нь, das А УТ 
Заа. 0800 ОШ. о "165,000 
United Kingdom 438 00 211.000 27,300 
See footnotes at end of table. | i 
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TABLE 5—Continued 
U.S. IMPORTS FOR CONSUMPTION OF RARE EARTHS, BY COUNTRY’! 


eee 


2010 2011 
Gross weight Gross weight 
Category” and coun (kilograms) Value (kilograms) Value 
Rare-earth compounds, including oxides, hydroxides, nitrates, other compounds 

except chlorides (2846.90.8000)—Continued: 

Other 45,800 $1,080,000 191,000 $18,000,000 
Total 5,310,000 96,300,000 5,030,000 475,000,000 
Total estimated equivalent REO content 3,980,000 XX 3,770,000 XX 

Rare-earth metals, whether intermixed or alloyed (2805.30.0000): 

Austria 3,610 223,000 13,400 870,000 

Canada 224 19,700 70 5,240 

China 361,000 12,300,000 282,000 54,600,000 

Germany 70 17,600 6,800 620,000 

Hong Kong 46,400 409,000 17,200 1,220,000 

Japan 13,600 954,000 31,400 6,060,000 

Korea, Republic of 53 51,600 ` -- - 

Laos -- -- 16,100 4,290,000 

Russia 3,620 328,000 5,510 463,000 

Thailand -- -- 14,900 2,260,000 

United Kingdom 8,480 413,000 3,070 510,000 

Vietnam 219 4,150 — -- 
Тога! 437,000 14,700,000 390,000 70,800,000 
Total estimated equivalent REO content 525,000 XX 468,000 XX 

Yttrium compounds content by weight greater than 19% but less than 85% 

oxide equivalent (2846.90.4000): 

Austria -- -- 12,100 169,000 

China 98,000 586,000 37,000 9,140,000 

France 9,100 589,000 828 14,800 

Germany 17 9,610 4,720 1,430,000 

Japan 5,100 641,000 3,060 739,000 

Other 10,200 : 234,000 © 187 289,000 


Total 


"Revised. XX Not applicable. -- Zero. 


122,000 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


*Harmonized Tariff Schedule of the United States category numbers. 


Source: U.S. Census Bureau. 


TABLE 6 


2,060,000 


57,900 


RARE EARTHS: ESTIMATED WORLD MINE PRODUCTION, BY COUNTRY"? 


(Metric tons of rare earth oxide equivalent) 


Country 2007 2008 

Australia -- -- 
Brazil 645 4 460 4 

China 120,000 125,000 

India 2,700 2,700 

Malaysia 380 120 

Total 124,000 128,000 


PPreliminary. ‘Revised. -- Zero. 


2009 
170 * 

129,000 

2,700 


132,000 


2010 


140 7^ 
120,000 
2,800 
310° 
123,000 


2011 
2,188 4 
140 P 
105,000 
2,800 
280 
110,000 


11,800,000 


Total estimated equivalent REO content 73,500 XX 34,700 XX 


'World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


?Table includes data available through July 26, 2012. 


Эш addition to the countries listed, rare-earth minerals may be produced in other countries, but information is 


inadequate for the formulation of reliable estimates of output levels. 


^Reported figure. 


RARE EARTHS—2011 


60.11 


60.12 


Brazil 
India 
Malaysia‘ 
Vietnam 
Total 
"Revised. 


TABLE 7 
MONAZITE CONCENTRATE: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons, gross weight) 
Country? 2007 2008 2009 2010 2011 
1,173 " 834 " 303 " 249 250 
5,000 5,000 5,000 5,200 5,200 
682 233 25 7327 779 
1,400 1,400 1,200 310 360 
8,260 ' 7,470 ' 6,530 ' 6,490 ' 6,590 


"World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


?Table includes data available through May 9, 2012. 


*In addition to the countries listed, other countries may produce monazite, but available information is inadequate for the 
formulation of reliable estimates of ouput levels. 


“Reported figure. 
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RECYCLING—METALS 
By John F. Papp 


Survey data and tables were prepared by Maria Arguelles, E. Lee Bray, James F. Carlin, Jr., Daniel L. Edelstein, 
Michael D. Fenton, George M. Bedinger, David E. Guberman, Deborah A. Kramer, Peter H. Kuck, and Amy C. Tolcin. 


In 2011, the United States recycled 68.8 million metric tons 
(Mt) of selected metals, an amount equivalent to 6296 of the 
apparent supply of those metals (table 1). More than 9296 of 
recycled metal was steel, and 90% of apparent supply was steel. 
The United States exported 30.1 Mt of scrap metal and imported 
6.0 Mt of these same metals (table 2). 

Metals are important, reusable resources. Although the 
ultimate supply of metal is fixed by nature, human ingenuity 
determines the quantity of supply available for use by 
developing economical processes to recover metal from the 
Earth (the primary source of metal) and recycle metal from 
the use/process stream (the secondary source of metal). The 
reusable nature of metals contributes to the sustainability of 
their use. Recycling, a significant factor in the supply of many 
of the metals used by our society, provides environmental 
benefits such as energy savings and reduced volumes of waste. 

The term “primary” indicates material from ore deposits, 
and the term "secondary" indicates material from recycling, 
including used products and residuals from manufacturing. 
Recycling practices and the description of those practices vary 
substantially among the metal industries. Generally, scrap is 
categorized as “new” or “old.” “New” indicates preconsumer 
sources, and “old,” postconsumer sources. The many stages 
of industrial processing that precede formation of an end 
product are the sources of new scrap. For example, when metal 
is converted into shapes— bars, plates, rods, or sheets—new 
scrap is generated in the form of cuttings, trimmings, and 
off-specification forms. When these shapes are converted 
to parts, additional new scrap may be generated in the form 
of cuttings, stampings, turnings, and off-specification parts. 
Similarly, when parts are assembled into products, new scrap 
may be generated. 

Once a product completes its useful life, it becomes old scrap. 
Used appliances, automobiles, and beverage cans are examples 
of old consumer scrap; used jet engine blades and vanes, junked 
machinery and ships, and metal recovered from commercial 
buildings or industrial plants are examples of old industrial 
scrap. А wide variety of descriptive terms, including external 
scrap, home scrap, internal scrap, mill scrap, prompt scrap, 
and purchased scrap, have evolved to describe scrap generated 
by diverse industry practices. The material flow of recycled 
metal commodities in the United States has been documented 
in a series of reports published by the U.S. Geological Survey 
(Sibley, 2006—11). 

The U.S. electronics recycling industry treated about 3.5 Mt 
of electronics in 2010, about 7096 of which was recycled in the 
United States into commodity-grade scrap. Industry was the 
leading source of this material; however, households were the 
leading consumer of such equipment, indicating a significant 
opportunity to increase the recycling rates of used electronics 
(Daoud, 2011, p. 1, 11—12). 


RECYCLING—METALS—2011 


Metal recycling provides a source of raw materials that 
is independent of local geology, effectively reduces energy 
consumption and pollution, and supplements raw materials 
from mineral mining. Because metal use is generally increasing 
and lasts for a long period of time, even reuse of all metal 
may not satisfy demand (Espinoza, 2012). Metal recycling 
comprises collection, preprocessing, and end processing. 
Metal recycling is limited by social behavior, product design, 
recycling technologies, and the thermodynamics of separation. 
Metal recycling could be improved by increased collection 
rates of discarded products, improved design for recycling, and 
deployment of modern recycling technology (Reck, 2012). 

The compound annual growth rate of world crude stainless 
steel production was 5.88% from 1950 to 2011, during which 
time, production increased from about 1 million tons per year 
(Mt/yr) to more than 32 Mt/yr. Measured during the 1980 to 
2010 time period, the stainless steel growth rate exceeded that 
of aluminum, carbon steel, copper, lead, and zinc (Lawrence, 
2012). World stainless steel production reached a historical 
high in 2012, mainly driven by China and India. Stainless 
steel scrap is generated during the production process and as 
a post-consumer product. Stainless steel scrap is by weight 
about 75% iron, 17% chromium, and 8% nickel; however, in 
2011, stainless steel scrap was by value about 72% nickel, 15% 
chromium, and 13% iron. About 90% of stainless steel used 
in manufacturing is recycled after an average life of about 22 
years. Stainless steel production has been increasing, resulting in 
a growing reserve of material in use expected to become scrap 
supply (Gledhill, 2012). 

Individual annual reviews for each of the metals listed in the 
tables are in the respective chapters in this volume of the U.S. 
Geological Survey Minerals Yearbook, volume 1, Metals and 
Minerals. 
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TABLE 1 
SALIENT U.S. RECYCLING STATISTICS FOR SELECTED METALS! 


Quantity of metal Value of metal 
(metric tons) (thousands) 
Recycled from Recycled from Apparent Percentage Recycled from Recycled from Apparent 
— —Yex .  newscrp _ oldscrap! — Recycled! —— supply! ___ recycled new scrap? old scrap? Recycled" уу 
Aluminum:® 
2011 1,650,000 1,450,000 3,110,000 5,200,000 60 4,230,000 2,720,000 7,950,000 — 13,300,000 


2007 NA NA 162,000 493,000 33 NA NA 297,000 186000 
Сор _ м тч ннн о Ежа conc => oM О 

2007 772,000 ' 162,000* 933,000" — 3,050,000 ' 30.6" 5,580,000" 1,170,000" — 6,750,000 22000 
2008 ________700000' 1590007 8590007 2,700,000" ____318' 4,930,000 * 1,120,000" 6,050,000" 1899008 

2010 642,000 ' 143,000 ' 785,000" — 2,400,000 ' 32.7" 4,930,000 1,100,000" 6,030,000" 1840000 
Iron and steel:!! 

аа: 


2011 ос 2120.000 1,140,000 1,380,000 ' 81.0' 57,900 " 2,680,000 * т СТ 

Magnesium: : .110,000 — 1,130,000 — 1,520,000 58,000 2980,000 3,040, 

_207 7 00 
2009 47,100 20, о Eu 170,000 49 451,000 167,000 D NET. 
2011 50,900 ae 72,000 137,000 55° 291,000 ' 116,000 D ТТ 

2007 7 г 00' 
2010 "m NA 79,900 174,000 ' 46 NA NA ЫК ТТ 
2011 NE NA 82,000 ' 195,000 : 42° NA NA 1790000 T 

Tips оо ————— BÀ. 8990 _ 21400 _____42  . NÀ м ML 

2000 | 37,000 
2007 NA 
2008 — T NA о W 41 МА МА 167,000 | 
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TABLE 1—Continued 
SALIENT U.S. RECYCLING STATISTICS FOR SELECTED METALS! 


Е аи аль 
Quantity of metal 


Value of metal 
(thousands) 
Percentage Recycled Кот Recycled from 


Year 


Zinc: 
2007 
2008 
2009 
2010 
2011 


Recycled from Recycled from 


new scrap” 


207,000 
247,000 
194,000 
208,000 
213,000 


(metric tons) 
old scrap’ Recycled" 
26,700 234,000 
92,900 339,000 
78,900 273,000 
123,000 332,000 ' 
123,000 336,000 


Apparent 
supply? 


1,100,000 ' 
1,180,000 ' 
1,060,000 ' 
1,120,000 ' 
1,160,000 


recycled® 


21° 
29' 
26 ' 
30" 
29 


"Estimated. "Revised. NA Not available. W Withheld to avoid disclosing company proprietary data. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


new scrap^ 


705,000 
483,000 
334,000 
468,000 
500,000 


old scrap! 


90,900 
182,000 
135,000 
277,000 * 
288,000 


Apparent 


Recycled" supply! 


796,000 
665,000 
469,000 
746,000 ' 
788,000 


3,740,000 ' 
2,310,000 ' 
1,810,000 ' 
2,520,000 ' 
2,710,000 


?Scrap that results from the manufacturing process, including metal and alloy production. New scrap of aluminum, copper, lead, tin, and zinc excludes home scrap, 


which is scrap generated and recycled in the metal producing plant. 


> Scrap that results Кот consumer products. 
"Мега! recovered from new plus old scrap. 

3 Apparent supply is production plus net imports plus stock changes. Production is primary production plus recycled metal. Net imports are imports minus exports. 
Apparent supply is calculated on a contained-weight basis. 


$ Also referred to as recycling rate. 


"Same as apparent supply defined in footnote 5 above but calculated based on a monetary value. 
ЗОџапшу of metal is the calculated metallic recovery from purchased new and old aluminum-base scrap, estimated for full industry coverage. Monetary value is 
estimated based on average U.S. market price for primary aluminum metal ingot. Series revised by removing imported scrap to avoid double counting. 
?Chromium quantity of metal recycled was estimated as chromium content of stainless steel scrap receipts (reported by the iron and steel and pig iron industries). 
For the calculation of apparent supply, trade includes reported or estimated chromium content of chromite ore, ferrochromium, chromium metal and Scrap, a variety 
of chromium-containing chemicals, and stainless steel mill products and scrap. Stocks include estimated chromium content of reported and estimated producer, 


consumer and Government stocks. Recycled monetary value estimated as recycled quantity times the average import value of high-carbon ferrochromium. 


Apparent supply monetary value estimated like apparent supply quantity with monetary value substituted for chromium content. 
P Includes copper recovered from unalloyed and alloyed copper-base scrap, as refined copper or in alloy forms, as well as copper recovered from aluminum-, nickel-, 


and zinc-base scrap. Monetary value based on annual average refined copper prices. 


Recycled scrap reported from consuming manufacturers. Apparent supply measured as shipments of iron and steel products plus castings corrected for imported 


semifinished products. Recycled unit value is the U.S. annual average composite price for No. 1 heavy-melting steel calculated from prices published in 
American Metal Market. Unit value for the year used to calculate values of recycled scrap and apparent supply of scrap. 


'2Monetary value of scrap and apparent supply estimated based upon average quoted price of common lead. 
"Includes magnesium content of aluminum-base scrap. Monetary value based on the annual average Platts Metals Week U.S. spot Western magnesium price. 


^Nickel statistics were derived from the following: 
Production, consumption, receipts 
*Reported nickel content of products made from reclaimed stainless steel dust, spent nickel-cadmium batteries, plating solutions, and other products. 
*Estimated nickel content of reported net receipts of alloy and stainless steel scrap. 


*Reported nickel content of recovered copper-base scrap. 
*Reported nickel content of obsolete and prompt purchased nickel-base scrap. 
*Estimated nickel content of various types of reported obsolete and prompt aluminum scrap. 


Trade data 
*Reported nickel content of International Nickel Study Group (INSG) class I primary products, including briquets, cathode, flake, pellets, and powder. 


*Reported or estimated nickel content of INSG class II primary products, including ferronickel, metallurgical-grade nickel oxide, and a variety of 


nickel-containing chemicals. 


*Estimated nickel content of secondary products, including nickel waste and scrap and stainless steel scrap. 


Stock data 


*Reported or estimated nickel content of all scrap stocks, except copper. 
*Reported nickel content of primary products held by world producers in U.S. warehouses. 
*Reported nickel content of primary products held by U.S. consumers. 
*Reported nickel content of U.S. Government stocks. | 
Monetary value based on annual average cash price for cathode, as reported by the London Metal Exchange. 
Monetary value based on Platts Metals Week composite price for tin. Apparent supply excludes withheld stock changes. 
Percentage recycled based on titanium scrap consumed divided by primary sponge and scrap consumption. 


"Monetary value based on annual average Platts Metals Week metal price for North American special high-grade zinc. 


RECYCLING—METALS—2011 


61.3 


ТАВТЕ 2 
SALIENT U.S. RECYCLING TRADE STATISTICS FOR SELECTED METALS! 


Exports Imports for consumption 
Quantity Quantity 
Gross weight Contained weight Value Gross weight Contained weight Value 

Year (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
Aluminum: 
2007 1,550,000 NA $3,050,000 471,000 NA $803,000 
2008 1,980,000 NA 3,420,000 494,000 NA 853,000 
2009 1,660,000 NA 2,120,000" 433,000 NA 503,000 
2010 1,910,000 NA 3,190,000 504,000 NA 763000 
.2011 à 2,4000 &— à à МА 450000 à 579000 — à 1à1 NA 1,020,000 _ 
Chromium 
2007 882,000 150,000 1,620,000 118,000 20,400 200,000 
.2008 — à 1 1,000000 — 1170000 1,190,000 140000 &— 24300 22000 _ 
..2000  _ 1,130000 — 192,000 778,000 124000 &— 21200 138000_ 
.2010 — à à 2937000 159000 937,000 196000 & 33700 à 300 _ 
.2011 à 656000 — 111000 959.00 170000 29400 29700 _ 
Copper: 
__2007 ___907,000 704,000 2,840,000 133,000 112,000 657,000 ' 
_2008 908,000 688,000 2,960,000 106000 85,700 ____480.000 _ 
_2009 843,000 633,000 2,010,000 71800 56300 23400 _ 
2010 —  —  1,30000 788000 3,550000 95,800 75,000 — 39900 _ 
—20b ________1,240,000 981,000 4,980,000 110,000 87,600 547,000 
Iron and steel: 
—2007 16,00,000'  16,500,000' 6890000: 3,700,000"  3,700,000* 1,040000 _ 
2008 21,500,000 21,500,000 10,400,000 ^ 3,600,000 3,600,000 1,450000 _ 
—2009 22400000 22400000 7,120,000 2,990,000 2990000 814000 _ 
—2010 ________20,500,000 20,500,000 8,380,000 3,780,000 3,780,000 — 1420000 — 
—2011 = 24300.00 24300000 11,400,000 4,010000 4010000 1,650000. 
ТЕА са 
_2007__ 129,000 129000 5540 1590 HOT 
2008 ______ 17500 175,00 ою 1470 _____ 1290 20980 
—3200 _________140,000 140000 72,00 _____1600 1310 &— $289. 
-2010 — . — — . 43500 7431500 33800  — 5000 3 ыз. 
юп . ЗЛО адво зо 3000. м 399. 
Magnesia — 
2010 481 481 802 22,100 22,100 56,500 
Nickel? 
2008 2,720,000 101,000 2,670,000 788,000 22,600 613,000 
209 2420000 ^ ^ ^ 95400 1,710000 699000 20,000 44400 _ 
In: 
2009 9.430 9.430 25.600 80,600 80,600 16,200 
Titanium? — — — 
Е риа Lacie c MEL MEME ee т 
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TABLE 2—Continued 
SALIENT U.S. RECYCLING TRADE STATISTICS FOR SELECTED METALS! 


Exports Imports for consumption 
— ..... Quantity ____ Quantity 
Gross weight Contained weight Value Gross weight Contained weight Value 
Year (metric tons) (metric tons) (thousands) (metric tons) (metric tons) (thousands) 
Zinc: 
2007 102,000 NA 103,000 21,800 NA 32,500 
2008 91,000 NA 99.100 17,000 NA 20,300 
2009 47,100 NA 54,300 9,100 NA 8,800 
2010 77,900 NA 85,200 15,600 NA 19,400 
_ 2011 85,600 МА 93,900 18,500 МА 23,400 


"Revised. NA Not available. 

‘Contained weight based upon 100% of gross, unless otherwise specified. 

"Includes stainless steel scrap and chromium metal waste and scrap. Contained weight for import and export quantities of 
Harmonized Tariff Schedule of the United States (HTS) code 7204.21.0000 is 17% of gross weight; 8112.22.0000 

is 100% of gross weight. | 

*For HTS codes 7404.00.0045, 7404.00.0062, and 7404.00.0080 contained weight for import quantity is 65% of gross 
weight. For HTS codes 7404.00.3045, 7404.00.3055, 7404.00.3065, 7404.00.3090, 7404.00.6045, 7404.00.6055, 
7404.00.6065, and 7404.00.6090 contained weight for import quantity is 72%. 

“Lead content of waste and scrap obtained from lead-acid batteries (HTS 7802.00.0030) included in exports but 
excluded from imports. 

*Contained weight for import and export quantities is 0.4% of gross weight for HTS code 7204.29.0000, 50% for HTS 
code 7503.00.0000, and 7.5% for HTS code 7204.21.0000. 

“Includes titanium waste and scrap HTS code 8108.30.0000. 
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RHENIUM 


By Désirée E. Polyak 


Domestic survey data and tables were prepared by Maria Arguelles, statistical assistant, and the world production table was 


prepared by Lisa D. Miller, international data coordinator. 


U.S. estimated rhenium production increased by about 41%, 
while apparent consumption of rhenium increased by about 6% 
from that of 2010 (table 1). World production of rhenium in 
2011 was estimated to be about 50,700 kilograms (kg), a 14% 
increase from that of 2010 (table 4). 


Production 


In the United States, rhenium is a byproduct of molybdenite 
concentrates that are recovered as a byproduct of porphyry 
copper-molybdenum ore mined in the Western States. Rhenium 
recovery requires roasting in a facility equipped to capture 
the rhenium compounds in the stack gases. In the United States, 
only one molybdenum concentrate roasting facility is currently 
So equipped—the Freeport McMoRan Copper & Gold Inc. 
Sierrita facility in Arizona. Domestic mine production data for 
rhenium (table 1) were derived by the U.S. Geological Survey 
(USGS) from reported molybdenum production at the copper- 
molybdenum mines. Domestic demand for rhenium metal and 
other rhenium products was met by imports, from recovery from 
domestic ores and stocks, and from the recycling of both spent 
catalysts and superalloy scrap. 


Consumption 


In the past decade, the two most important uses of rhenium 
have been in high-temperature superalloys and platinum- 
rhenium catalysts. Rhenium is used in single-crystal, high- 
temperature superalloy turbine blades for aircraft engines and 
Jand-based turbine applications. Rhenium is used in the turbine 
blades closest to the combustion zone in gas turbine engines. 
The use of rhenium-containing blades allows the engine to 
be designed with closer tolerances and allows operation at 
higher temperatures, which prolongs engine life and increases 
engine performance and operating efficiency. Platinum- 
rhenium catalysts are used to produce high-octane, lead-free 
gasoline. Industry continued to research the potential for 
increased recycling of rhenium-bearing turbine blades and the 
development of new alloys and catalysts. 

Other applications of rhenium, primarily as tungsten-rhenium 
and molybdenum-rhenium alloys, are more diverse; these 
included crucibles, electrical contact points, electromagnets, 
electron tubes and targets, flashbulbs, heating elements, 
ionization gauges, mass spectrographs, metallic coatings, 
semiconductors, temperature controls, thermocouples, vacuum 
tubes, and x-ray tubes. 

Eighty percent of the world’s approximately 50 to 55 metric 
tons (t) annual consumption of rhenium was as a 3% or 6% 
addition within complex nickel-base alloys for the manufacture 
of single crystal turbine blades for either aircraft engines or 
industrial gas turbine engines. Turbine engine producers, such as 
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General Electric Aviation (GE) (a subsidiary of General Electric 
Co., Fairfield, CT), Pratt & Whitney, and Rolls Royce plc were 
estimated to consume 45 metric tons per year (t/yr) of rhenium 
(Minor Metals Trade Association, 2012). 

Rhenium was used in petroleum-reforming catalysts for the 
production of high-octane hydrocarbons, which are used in the 
formulation of lead-free gasoline. Bimetallic platinum-rhenium 
catalysts have replaced many of the monometallic catalysts. 
Rhenium catalysts tolerate greater amounts of carbon formation 
when making gasoline, and make it possible to operate the 
production process at lower pressures and higher temperatures, 
which leads to improved yields (production per unit of catalyst 
used) and higher octane ratings. Platinum-rhenium catalysts also 
were used in the production of benzene, toluene, and xylenes, 
although this use was small compared with that used in gasoline 
production. 

GE announced that it had developed two new alloys as part of 
the company's overall strategy to conserve and recycle rhenium. 
The first new alloy, N500, a rhenium-free alloy, was expected to 
be used in stationary parts such as engine nozzles and shrouds. 
The second new alloy, René N515, used less rhenium (1.5%) 
while providing the properties of other second-generation 
alloys that used significantly more rhenium (3%). According to 
the company, René N515 has been tested extensively and has 
been introduced into the СЕМ56 turbine blades in jet engines. 
Computer modeling enabled the development and introduction 
of the alloy in 2 years, compared with the traditional 
developmental time of 4 years (Fink and others, 2010). René 
N515, however, was described as having an oxidation resistance 
capability at 1,175 ?C, a temperature not expected to be an 
operating temperature that could power many of the larger 
jet engines that run at higher temperatures. The only alloys 
capable of running at these higher temperatures were the current 
second-generation (396 Re) and third-generation (696 Re) alloys, 
making GE's new alloys inadequate for larger jet engines 
(Lipmann Walton & Co. Ltd., 2010). 

GE has also been working to lessen its dependence on 
rhenium by researching a variety of innovative component 
designs and by using advanced manufacturing processes. 
Recycling materials from unserviceable engine parts continued 
to be performed through GE's Reclamation Program that was 
launched in 2006 in response to the volatile market and rising 
prices. GE recycles used, high-pressure turbine blades (HPTBs) 
made of a rhenium-bearing nickel superalloy that are cleaned 
and melted for reuse in manufacturing new HPTBs. Although 
the lifespan of engine parts was variable, a turbine blade was 
expected to last approximately 10 years. According to the 
company, more than 10% of its rhenium came from recycling, 
and it expected the percentage to increase in the next few years 
(General Electric Aviation, 2011). 
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Rio Tinto ple announced that Kennecott Utah Copper’s 
molybdenum autoclave-process (MAP) facility, first approved 
in June 2008 and then later put on hold, was expected to begin 
phase 1 commissioning in the fourth quarter of 2012, and 
production at full capacity of 13,600 t/yr of molybdenum was 
scheduled for the fourth quarter of 2013. The phase 2 expansion 
to 27,200 t/yr of molybdenum was anticipated to be completed 
in the first quarter of 2015 (Rio Tinto plc, 2011, p. 78). The 
MAP was expected to enable lower grade concentrate to be 
processed more efficiently than in conventional roasters, to 


allow improved molybdenum recovery, and to enable production 


of chemical-grade molybdenum products. The new facility 
would have the capacity to recover approximately 3 to 5 t/yr 
of rhenium. Unlike the roasting process, the autoclave system 
would extract rhenium at the crystallization stage and recover 
it, as in the old roasting process, via ion exchange. The final 
products would be high-purity ammonium perrhenate (APR) 
suitable for catalysts and rhenium metal for the aerospace 
industry (Rio Tinto plc, 2010, p. 40). 


Prices 


Rhenium has a limited market in terms of the number of 
participants. A large percentage of rhenium sales, especially for 
rhenium metal, are made under long-term contracts. The details 
of the long-term contracts are not made public. The open trade 
market for both APR and rhenium metal is relatively small. 

In 2011, the annual average price of APR catalytic-grade 
rhenium as reported in Metal Bulletin was $4,360 per kilogram, 
a 676 decrease compared with the $4,630 per kilogram annual 
average price of 2010. The annual average price of rhenium 
metal pellets (minimum 99.996) was $4,720 per kilogram in 
2011, a slight increase from the $4,670 per kilogram annual 
average price of 2010. The rhenium metal pellet price was 
$4,690 per kilogram until March, when it trended downward 
to $4,410 per kilogram. In J une, the rhenium metal pellet 
price increased to $4,850 per kilogram until October, when it 
decreased to $4,630 per kilogram by yearend. 


Foreign Trade 


Imports of rhenium metal in 2011 increased to 23,800 kg, a 
3% increase compared with 23,100 kg rhenium metal in 2010. 
Chile and Poland were the leading suppliers of rhenium metal to 
the United States. Imports of APR decreased to 13,800 kg, a 9% 
decrease compared with 15,100 kg APR in 2010. Imports for 


consumption of rhenium metal are shown in tables 1 and 2, and 
those of APR are shown in tables 1 and 3. 


World Review 


World production of rhenium was estimated to have been 
about 50,700 kg in 2011 (table 4). This estimate was based on 
the quantity of rhenium recovered from concentrates that were 
processed to recover rhenium values. 

Rhenium was recovered as a byproduct from porphyry 
copper-molybdenum ores mined primarily in Chile, Mexico 
Peru, Republic of Korea, and the United States. In addition to 
the countries listed, China was thought to produce rhenium 
but output was not reported quantitatively. Rhenium is also 
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associated with copper minerals in sedimentary deposits in 
Armenia, Kazakhstan, Poland, Russia, and Uzbekistan, where 
ore is processed for copper recovery, and the rhenium-bearitg 
residues are recovered at the copper smelter. Rhenium-bearing 
residues from both sources are processed for recovery eitheras 
APR for catalyst uses, or as a metal powder for superalloys. The 
major producers of rhenium metal and compounds were Chile, 
Germany, Poland, and the United States. Б. 

World reserves of rhenium аге contained primarily їп 
molybdenite in porphyry copper deposits. U.S. reserves of 
rhenium are concentrated in Arizona, Montana, Nevada, New 
Mexico, and Utah. Chilean reserves are found primarily at four 
large porphyry copper deposits and in smaller deposits in п. 
northern half of the country. In Peru, reserves are concentrate 
primarily in the Toquepala open pit porphyry copper mine » 
in about 12 other deposits. Other world reserves are containe 
in several porphyry copper deposits and sedimentary copper 
deposits in Armenia, northwestern China, Iran, aem 
Russia, and Uzbekistan, and in sedimentary жыр е " 
deposits in Congo (Kinshasa). U.S. reserves were estima t 
be about 390 t, and rest-of-the-world reserves Were estima 
be about 2,100 t. | 

Chile.—Molibdenos y Metales S.A. (Molymet) UNO, 
maintained roasting facilities equipped for rhenium à 
Belgium, Chile, and Mexico. Molymet toll roasted op 
molybdenum concentrates for Corporación ш. а 
де Chile (Codelco) and also sourced concentrates om ч 
Mexico, Peru, and the United States. Codelco and С ы 
also roasted byproduct molybdenum concentrates шыш» 
those roasters were not equipped for rhenium па 

Estonia.—Toma Group (Tallinn) continued to Хе 7 
metal alloys containing rhenium at its facility P us М APR, 
facility had a capacity to recycle 130 kg of 69.4 Хе i 
or approximately 3,000 kg per month of raw mate s 
month. The company recycled oly dene A 
tungsten-rhenium alloys, nickel-based њи d 
rhenium containing scrap metals. Toma ШШ x Hom 
ways of recycling new materials more efficiently ( 
undated). 

Germany.—Buss & Buss Spezialmetall 
continued to recycle rhenium containing а): ; 
into catalyst grade APR (99.9% Re), and ыы ^ 
(99.9% Re) at its facility in Sagard. Annual capa coximafe 
secondary rhenium production was estimated to I, 
2,000 kg (Buss & Buss Spezialmetalle GmbH. ascen 

Kazakhstan.—Zhezkazganredmet (Redmet), же 
state-owned rhenium producer, received rhenium- d pelte 
residues from the Dzhezkazgan Copper Works wie by 
complex in Kazakhstan. Dzhezkazgan was LAUS 450% 0 
Copper, and its parent Samsung Corp., which re Malis 
Redmet's production as payment for the inet Cir 
disagreement, beginning in 2007, between Kaza 


“ning from 81 
Redmet resulted in rhenium production slipping duction in 


t continue 
further decrease 


e GmbH (Sagard) 
lloys, rhenium scrap 
llets 


renovations in 2011, which was expected to 
rhenium production in 2011 (Kazakhmys ple, 2 

Poland.—KGHM Ecoren S.A. (Lubin), а div 
copper producer KGHM Polish Copper 5.А., con 
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operate their metallic rhenium refinery near the Legnica 
Copper Smelter. Ecoren reported that British customers, 
Johnson Matthey plc and Rolls-Royce Group plc, were the 
major purchasers of its rhenium products. The facility had an 
annual capacity to convert APR into 3.5 t of metallic rhenium. 
It was also able to supply rhenium metal in powder form 
according to customer's requirements. Ecoren also increased 
Its crystalline APR production capacity, which was expected 
to be 6 to 7 t/yr of APR. Ecoren received the waste sulfuric 
acid from the KGHM Polish copper plant and then, through 
hydrometallurgical processes, captured the rhenium to produce 
the APR and rhenium metal (KGHM Ecoren S.A., 2011). 

Uzbekistan.—The Navoi Mining and Metallurgy Combinat 
(NGMK) continued to process molybdenum concentrates to 
recover rhenium. 


Outlook 


The United States is the world's leading producer of 
aerospace superalloys and is, therefore, the largest consumer 
of rhenium (Roskill Information Services Ltd., 2010, p. 34). 
With the leading three consumers—Cannon Muskegon Corp., 
GE, and Pratt & Whitney—consuming an estimated 45 t/yr of 
rhenium, more production from new plants, such as Poland's 
new rhenium facility, are needed. Rhenium consumption was 
estimated to increase by an average of 596 per year between 
2009 and 2015 to reach 71,500 kg in 2015 (Roskill Information 
Services Ltd., 2010, p. 27). 

As the life cycle of turbine blades in jet engines is 
approximately 10 years, significant quantities of 
second-generation blades (396 Re) were accumulating. 
Technology is continuing to be developed to allow recycling 
of second-generation blades for recovery of rhenium that can 
be used in the manufacture of new third-generation blades, 
potentially reducing requirements for virgin rhenium by about 
5096. The majority of rhenium is recycled in Germany and the 
United States, but significant amounts are also being recovered 
in Estonia and Russia. Secondary rhenium recycling rates are 
continuing to increase worldwide. 

Potential molybdenum producers continued to look at ways 
to increase the value of future production since the collapse in 
the molybdenum price during the global economic downturn. 
For some, producing byproduct rhenium is a strong possibility. 
One of the great potentials for increased rhenium production 
lies in the molybdenum concentrates that are presently being 
roasted in facilities that are not equipped to recover the rhenium 
values. For example, Rio Tinto's new MAP facility would allow 
Rio Tinto to recover approximately 3 to 5 Џуг of rhenium, 
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potentially increasing U.S. rhenium production by more than 
50%. 
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TABLE | 
SALIENT U.S. RHENIUM STATISTICS! 


(Kilograms, gross weight) 
2007 2008 2009 2010 2011 
Production” 7,090 ' 7,910 ' 5,580 ' 6,100 8,610 
Apparent consumption? 48,100 51,600 37,100 39,700 ' 42,100 
Imports: 
Metal 30,500 35,900 21,500 23,100 23,800 
Ammonium perrhenate 15,100 11,200 14,300 15,100 ' 13,800 


*Estimated. ‘Revised. 

'Data are rounded to no more than three significant digits unless otherwise specified. 

?Rhenium contained in molybdenite concentrates, based on calculations by the U.S. Geological Survey. 
Calculated as production plus imports minus exports and industry stock changes. 


TABLE 2 
U.S. IMPORTS FOR CONSUMPTION OF RHENIUM METAL, BY COUNTRY! 


___ у ————__————————— ——-— 
2010 2011 


Gross weight Value Gross weight Value 

Country (kilograms) (thousands) (kilograms) (thousands) 
Canada 10 $2] -- -- 
Chile 21,900 50,200 22,200 $51,400 
France -- -- 100 335 
Germany 314 520 150 548 
Лау ________ 89 584 = ка 
Poland 7 24 1,200 2,980 
United Kingdom _____ 771 1,430 209 556 
Тога! | 23,100 52,800 23,800 55,800 

-- Zero. 


!Data are rounded to no more than three si gnificant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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TABLE 3 
U.S. IMPORTS FOR CONSUMPTION OF AMMONIUM PERRHENATE, BY COUNTRY! 


2010° 2011 
Gross weight Value Gross weight Value 
Country (kilograms) (thousands) (kilograms) (thousands) 
Canada 288 $662 1,610 $3,520 
Germany 2,600 6,760 -- — 
Kazakhstan 2,890 6,360 4,040 7,270 
Korea, Republic of -- -- 6,000 10,800 
Netherlands 2,010 4,860 — — 
Poland 4,090 9,930 -- -- 
Russia 1,030 2,170 -- -- 
United Kingdom 980 1,910 2,200 4,800 
Uzbekistan 1,210 2,540 -- — 
Total 15,100 34,500 13,800 26,400 


"Revised. -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 


TABLE 4 
RHENIUM: ESTIMATED WORLD PRODUCTION, BY COUNTRY? 


(Kilograms) 

Country 2007 2008 2009 2010 2011 

Armenia 400 400 400 400 600 
Canada = -- ! -- т LT — 
Chile’ 22,900 27,600 25,000 25,000 ` 27,000 
Kazakhstan 7,000 ' 5,500 3,000 3,000 ' 3,000 
Korea, Republic of -- -- -- -- 500 
Р е ru’ MN ce F E: ne; ger, 
Poland? 2,422 € 3,391 ' 2,422 ' 4,656 6,000 
Russia 1,500 1,500 1,500 1,500 500 
United States? ? 7,090 ' 7,910 € 5,580 ' 6,100 8,610 
Uzbekistan 2,000 ' 2,000 ' 2,000 ' 2,500 € 3,000 
Other 1,500 2,000 1,500 1,500 1,500 
Total 44,800 ' 50,300 г 41,400 € 44,700 ' 50,700 


"Revised. -- Zero. 

"World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
*Table includes data available through June 13, 2012. 

?Data also includes rhenium content from Belgium, Mexico, Peru and the United States, processed at Molymet in Chile. 

“No rhenium is recovered in Peru, but unroasted molybdenum concentrates containing rhenium are exported to Molymet in Chile 
for processing. 

*Data based on new information from KGHM Ecoren S.A. Calculated based on 69.2% rhenium content of ammonium perrhenate. 
SReported figure. 

"Calculated rhenium contained in molybdenite concentrates. 
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SALT 


By Dennis S. Kostick 


Domestic survey data and tables were prepared by Martha L. Jackson, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


The United States was the world’s leading salt-producing 
nation until 2005, when China surpassed the United States to 
become the world leader. Total U.S. salt production in 2011 
increased by 4% to 45 million metric tons (Mt) compared with 
that of 2010 (table 1). According to U.S. Geological Survey 
(USGS) data for 2011, 28 companies operated 67 salt-producing 
plants in 16 States. Of these, 10 companies and 13 plants 
produced more than 1 Mt each and accounted for 91% and 69%, 
respectively, of total U.S. production and accounted for 61% and 
36%, respectively, of total value. Several companies and plants 
produced more than one type of salt. In 2011, 13 companies (25 
operations) produced salt brine; 11 companies (15 operations), 
rock salt; 10 companies (13 operations), solar-evaporated salt; 
and 7 companies (17 operations), vacuum pan salt. 

The five leading States were, in descending order of total salt 
sold or used, Louisiana with 31%; Texas, 21%; New York, 14%; 
Kansas, 7%; and Utah, 6%. Other Eastern States (Alabama, 
Michigan, Ohio, Tennessee, Virginia, and West Virginia) 
accounted for 18% of the domestic total salt sold or used. Other 
Western States (Arizona, California, Nevada, New Mexico, and 
Oklahoma) represented 3% (table 5). 

Salt, also known as sodium chloride, comprises the elements 
sodium and chlorine. Sodium is a silver-colored metal that is 
so unstable that it reacts violently in the presence of water, and 
chlorine is a greenish-colored gas that is dangerous and may be 
lethal, yet combined, these two elements form sodium chloride, 
which is a white-colored compound essential to life itself. 
Virtually every person in the world has some direct or indirect 
contact with salt daily. People routinely add salt to their food 
as a flavor enhancer or apply rock salt to walkways to remove 
ice in the winter. Salt is used as feedstock for chlorine and 
caustic soda manufacture. These two inorganic chemicals are 
used to make many consumer-related end-use products, such 
as polyvinyl chloride (PVC), a plastic made from chlorine, and 
paper-pulping chemicals manufactured from sodium hydroxide 
(caustic soda). 


Production 


U.S. production and sales data for salt are developed by the 
USGS from an annual voluntary survey of U.S. salt-producing 
sites and company operations (table 2). Production refers to the 
quantity of salt mined or manufactured that is available for sale. 
Salt sold or used is the quantity of salt that was sold directly 
to customers or used by the salt producer, which usually is a 
chloralkali (chlorine and sodium hydroxide) manufacturer. The 
data in table 2 are rated capacities for mines and refineries as of 
December 31, 2011. Rated capacity is defined as the maximum 
quantity of product that can be produced in a period of time on 
a normally sustainable long-term operating rate, based on the 
physical equipment of the plant, and given acceptable routine 
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operating procedures involving energy, labor, maintenance, and 
materials. | 

Of the 28 companies to which a canvass form was sent, 25 
responded, representing 92% of the totals shown in this report. 
Data for the nonrespondents were estimated based on their 
prior responses to previous annual surveys, the 2011 production 
estimate survey, or brine production capabilities for chloralkali 
manufacture based upon published chlorine production 
capacities [1.75 metric tons (t) of salt required per ton of 
chlorine capacity]. 

The structure of the U.S. salt industry has changed throughout 
the years. In 1970, 50 companies operated 95 salt-producing 
plants in the United States. Market competition, increased 
energy and labor costs, less expensive imports, fluctuations in 
currency exchange rates, and an excess of production capacity 
(resulting in the downsizing of the industry through mergers and 
acquisitions) reduced the number of operations in the industry to 
28 companies and 67 plants by 2011. 

The four types of salt that are surveyed are classified 
according to the method of recovery as follows: rock salt, from 
the surface or underground mining of halite deposits; solar salt, 
from the solar evaporation of seawater, landlocked bodies of 
saline water, or primary or byproduct brines; vacuum pan salt, 
from the mechanical evaporation of a purified brine feedstock; 
and brine, from the solution mining of underground halite 
deposits. Data for brine production and consumption represent 
the anhydrous salt content only and not the weight of the water. 

Rock Salt.—Rock salt is mined by the room-and-pillar 
method, which is similar to that used in coal and trona mining. 
Additional information about rock salt mining can be found in 
the salt chapter in Minerals Yearbook 2006. 

Because the majority of rock salt was used for deicing, 
the operating rate of rock salt facilities fluctuated with the 
demand for deicing salt, again dependent on the severity of 
winter weather conditions. During periods of strong demand, 
production levels often achieve, or exceed in certain situations, 
the rated capacities. Full mine capacity generally is a function 
of the hoisting capabilities of the mine. Assuming that the work 
week is 5 days (250 workdays per year), two working shifts 
and one maintenance shift per day, and at least one short-term 
planned turnaround for the mine and mill per year, table 2 lists 
the production capacities for domestic rock salt operations. In 
2011, rock salt mining was 18.4 Mt, a 5% increase compared 
with the revised 2010 total of 17.6 Mt. 

Solar Evaporation.—Solar salt production was 3.25 Mt in 
2011, which was a 4% increase from the revised 2010 total 
of 3.12 Mt. Solar evaporation uses the wind and the sun to 
evaporate the water and is an effective method of producing 
solar salt in areas of high evaporation and low precipitation. 


Additional information about solar salt production can be found 
in the salt chapter of the 2006 Minerals Yearbook. 

Because evaporation rates must exceed the precipitation 
rates, the climatic conditions and geographic locations of solar 
evaporation facilities are critical to the successful production 
and harvesting of solar salt. Therefore, rated capacities in table 2 
generally are based on the historical evaporation patterns within 
a region and vary depending on the location and the surface 
acres of the evaporation ponds. Only unpredictable seasonal 


precipitation and market conditions usually affect the production 


rates of the facilities. 

Solution Mining.—U.S. salt brine production in 2011 was 
19.2 Mt, which was about 4% more than the 2010 total of 
18.5 Mt. The brine production capacities for table 2 are difficult 
to derive because they are based on the variabilities of the 
injection rate of the solvent and the solubility rates of the 
underground salt bodies, both of which determine the quantity 
of brine produced. In turn, these production levels are usually 
dependent on the demand for the products that the brine is being 
used to manufacture. Brine capacity is assumed to be equal 
to the amount of annual brine production. In order to avoid 
revealing company proprietary data, individual company brine 
capacities are not included in table 2. 

Solution mining is used to obtain a sodium chloride feedstock 
for vacuum pan salt production and for chlorine, caustic 
soda, and synthetic soda ash (excluding the United States) 
manufacture. The quantity of underground salt dissolved and 
recovered as brine to make vacuum pan salt usually is not 
reported as primary salt production; only the quantity of vacuum 
pan salt manufactured is reported. The quantity of brine used 
to make chloralkali chemicals is reported as either the amount 
of captive brine used or brine sold. The chemical industry 
is the leading consumer of salt brine worldwide. Additional 
information about salt brine production can be found in the salt 
chapter of the 2006 Minerals Yearbook. 

Mechanical Evaporation.—Vacuum pan salt is not mined 
but is a type of salt produced using mechanical evaporation 
technology. Vacuum pan salt production was 4.08 Mt in 201 1, 
which was a slight decrease compared with the 2010 total of 
4.10 Mt. The mechanical evaporation of salt by the vacuum 
pan process is dependent on the number and size of the vacuum 
crystallizers operating in series. Rated capacities in table 2 | 
are usually easier to establish because of the proven design 
performance of the equipment. 

Although rock salt, solar salt, and salt brine may be used to 
make vacuum pan salt, virtually all domestic vacuum pan salt is 
obtained from solution mining of underground salt formations. 
Vacuum pan salt is obtained by dehydrating brine using heat 
alone or in combination with a vacuum. The grainer or open 
Pan process uses open, rectangular pans with steam-heated 
immersion coils to evaporate the water in the brine. The final 
product is usually flake shaped rather than the typical cubic 
form. Flake salt is preferred for the production of baked goods 
butter, and cheese. The Alberger process is a modified grainer | 
operation that produces cubic salt with some flake salt. 


salt sold or used by the chemical industry was 


Consumption 


In 2011, apparent consumption (salt sold or used plus impor 
minus exports) was 58.5 Mt, whereas reported consumption 
(sales or use as reported by the salt companies, including thei 
imports and exports) was 47.6 Mt. Although these two measures 
of consumption are not necessarily expected to be identical, they 
normally are similar. Apparent consumption normally is greater 
than reported consumption because apparent consumption 
includes additional quantities of salt imported and exported 
by nonsalt-producing companies, such as some chloralkal 
operations and salt distributors. Reported consumption | 
statistics are those reported only by the domestic salt producing 

mpanies. 

The direct and indirect uses of salt number about 14,000, 
according to industry sources. The USGS annually surveys 
eight major categories comprising 29 end uses. The 2011 | 
reported percentage distribution of salt by major end use was 
control, 41%; chemicals, 39%; distributors (grocery and other 
wholesalers and retailers, and so forth), 8%; food processing, 
4%; agricultural, 3%; general industrial and other uses P 
combined with exports, 2% each; and primary water AA 
1% (table 6). Distributors represented a substantial share ; i 
salt sales by the salt industry; all this salt 15 ар x E 
to many different end users. For a more complete ana E » 
end-use markets, specific sectors of distribution In table У 
be combined, such as agricultural and water treatment wi | 
agricultural and water conditioning distribution, respectively 

Aside from the different types of salt, there are peo ie 
distinctions in the packaging and applications of salt. in 
human consumption is packaged in different sized 2 wt 
for several specialized purposes. Table salt may con n 
potassium iodide as an additive, which provides а sou 
iodine that is essential to the oxidation process 
Kosher salt, sea salt, condiment salt, and salt ta 
varieties of salt. 

Chemical Industry.—Since 1941 when the a пе 
of Mines began collecting end-use data for salt, ! : ш 
consumer of salt, primarily as salt brine, had been и am 
industry except for 2011 when salt for road deicing sf У 
brine is extracted from natural underground saline 50 sé 
or solution-mined halite deposits (salt beds or pe А 
or produced through the dissolution of solar salt. ео 
industry, the chloralkali sector remains the major p обе 
salt for manufacturing chlorine, coproduct E Pr ыы 
(caustic soda), and synthetic soda ash. Since 19 eof lh 
domestic synthetic soda ash plant was closed AK : 
production costs and competition with less а йе 
soda ash, no synthetic soda ash has been manu ж vce syntheti 
United States; many countries, however, still pro 


S feedstock. 10 
soda ash and use vast quantities of salt brine T sé Mt in 201! 


es in the body. 
blets are special 


of which 17.5 Mt was for chloralkali manufac 
was for other chemical uses (table 6). 
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Salt is used as the primary raw material in chlorine 
manufacture because it is an inexpensive and widely available 
source of chlorine ions. For sodium hydroxide production, 
salt is the main source of sodium ions. Chlorine and caustic 
soda are considered to be the first generation of products 
made from salt. These two chemicals are further used to 
manufacture other materials, which are considered to be the 
second generation of products made from salt. Although 
most salt brine is produced by the same companies that use 
it, many chloralkali manufacturers now purchase brine from 
independent brine supply companies. In certain cases, brine is 
produced by a chemical company that uses some of it and sells 
the excess to neighboring competitors. According to industry 
sources, about 48% of the salt used to manufacture chlorine 
was captive (produced by the chloralkali companies) and 31% 
was purchased brine; domestically purchased solar salt and rock 
salt made up 12% of the supply, and imported rock, solar, and 
vacuum pan salt, 9%. 

In mid-2011, the U.S. Census Bureau terminated its data 
collection program for inorganic chemicals; therefore, data 
for chlorine and sodium hydroxide (caustic soda or lye) 
were unavailable to compare with the quantity of salt used in 
chloralkali manufacture. The industry average ratio of 1.75 t 
of salt is required to produce 1.0 t of chlorine and 1.1 t of 
coproduct sodium hydroxide. Reported consumption of total 
domestic and imported salt for chlorine manufacture was 
17.5 Mt (table 6), however, the data do not include salt imported 
directly by the chlorine producers or captive brine produced by 
them. 

Salt is also used as a feedstock in chemical plants that make 
sodium chlorate, metallic sodium, and other downstream 
chemical products. In powdered soaps and detergents, salt is 
used as a bulking agent and a coagulant for colloidal dispersion 
after saponification. In pharmaceuticals, salt is a chemical 
reagent and is used as the electrolyte in saline solutions. 

It is used with sulfuric acid to produce sodium sulfate and 
hydrochloric acid. The “Other chemical” subsector is relatively 
small, representing about 6% of domestic salt sales for the 
entire chemical sector and only 2% of total domestic salt 
consumption. The consumption of salt for metallic sodium 

has declined during the past several years. E.I. du Pont de 
Nemours and Co. was the sole manufacturer of metallic sodium 
in the United States. The domestic market for metallic sodium 
decreased because sodium metal was no longer needed for the 
production of leaded gasolines. The leading use of sodium was 
for sodium borohydride production, which is the feedstock 

for sodium dithionite used as a reductive bleaching agent by 
the pulp and paper industry. Sodium metal also is used to 
manufacture sodium azide, which is used in automotive air bags. 
Other potential uses of sodium metal are in the remediation ' 
of chemical weapons, chlorofluorocarbons, pesticides, and 
polychlorinated biphenyls. 

Ice Control and Road Stabilization.—In 2011, U.S. 
consumption of salt for this application was 19.6 Mt, which was 
about 5% more than that of 2010. Additional imports of rock 
salt by the salt companies were available if needed during 2011. 

There are at least four ways to treat snow and ice 
accumulation on roadways. 1) Anti-icing is the application 
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of chemicals to roads prior to when the snow-pavement 

bond begins. This practice emphasizes the prevention of this 
bonding rather than reaction. 2) De-icing is the practice of 
removing the snow or ice after it has bonded to the road. This 
involves plowing and continued application of chemicals and 
abrasives. Plowing normally begins when there is an inch or 
more of snow covering the road. 3) Pre-treatment is a form of 
anti-icing in which chemicals (calcium chloride, magnesium 
chloride, sodium chloride, calcium-magnesium acetate, and 
potassium acetate) are applied to the road up to 48 hours before 
adverse weather begins to prevent a bond to develop between 
the pavement and the snow or ice. 4) Pre-wetting pertains to 
treating the dry de-icing chemicals with liquids prior to being 
applied to the roads. This hastens the activation of the chemicals 
before they are spread on the roads (Virginia Department of 
Transportation, undated.) 

The use of salt brine for road deicing has been increasing 
for the past several years. Regular rock salt can be dissolved 
to create the salt brine solution. Salt brine is used as a pre- 
treatment prior to ice or snow accumulation. After the solution is 
applied, it is possible that up to three-quarters of an inch of new 
snow can melt immediately (Caldwells Patch, The, 2011). 

Salt is an inexpensive, widely available, and effective ice 
control agent. It does, however, become less effective as the 
temperature decreases below about 6.5 °C to 9.5 °C (15 °F to 
20 °F). At lower temperatures, more salt must be applied to 
maintain higher brine concentrations to provide the same degree 
of melting. Most winter snowstorms and ice storms happen 
when temperatures are between -4 °C and 0 °C (25 °F and 
32 °F), the range in which salt is most effective. 

In highway deicing, salt has been associated with 
corrosion of bridge decks, motor vehicles, reinforcement 
bar and wire, and unprotected steel structures used in road 
construction. Surface runoff, vehicle spraying, and windblown 
actions also affect soil, roadside vegetation, and local 
surface water and groundwater supplies. Although evidence of 
environmental loading of salt has been found during peak usage, 
the spring rains and thaws usually dilute the concentrations of 
sodium in the area where salt was applied. 

The quantity of salt consumed for road deicing each year is 
directly related to the severity of the winter weather conditions. 
Long-range forecasting of salt consumption in this application 
is extremely difficult because of the complexities in long-range 
forecasting of the weather. 

The winter of 2010-11 was less severe than the 2009-10 
winter. Although rock salt production and sales in 2011 
increased, most municipalities and State transportation 
departments reported high inventories in mid-2011 in 
preparation for the 2011—12 winter weather. Despite the full 
silos, domes, and warehouses, some municipalities had contracts 
with salt suppliers that stated they were required to buy at least 
80% of the salt they normally ordered. The contracts allowed 
them to purchase another 2596 more than they ordered at the 
original price if the weather was severe. Some of the customers 
constructed temporary storage facilities to stockpile their salt. 
One community used an abandoned railroad tunnel to store salt 


(Walker, 2012). 
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Many municipalities and transportation departments had a 
budget surplus because they did not have to purchase additional 
quantities of rock salt for the winter of 2011—12. A few salt 
companies, however, reported decreased earnings and two 
companies were compelled to temporarily layoff some rock salt 
workers in Louisiana and New York (Levato, 2011). 

Salt also is added to stabilize the soil and to provide firmness 
to the foundation on which highways are built. The salt acts 
to minimize the effects of shifting caused in the subsurface by 
Changes in humidity and traffic load. 

Distributors.—A large amount of salt is marketed through 
various distributors, some of which specialize in agricultural 
and water treatment services—two sectors in which the salt 
companies also have direct sales (table 6). Distributor sales 
also include grocery wholesalers and (or) retailers, institutional 
wholesalers, U.S. Government resale, and other wholesalers and 
retailers. Total salt sold to distributors was 4.03 Mt in 20] 1. 

General Industrial. —The industrial uses of salt are diverse. 
They include, in descending order of quantity consumed, other 
industrial applications, oil and gas exploration, pulp and paper, 
textiles and dyeing, metal processing, tanning and leather 
treatment, and rubber manufacture. Total salt sold to these 
sectors was 962,000 t in 2011. 

In oil and gas exploration, salt is an important component 
of drilling fluids in well drilling. It is used to flocculate and 
increase the density of the drilling fluid to overcome high 
downwell 525 pressures. When а drill hits a salt formation, 
salt is added to the drilling fluid to saturate the solution and to 
minimize the dissolution within the salt stratum. Salt is also 
used to increase the set rate of concrete in cemented casings. 

In textiles and dyeing, salt is used as a brine rinse to Separate 
organic contaminants, to promote “salting out" of dyestuff 


aluminum, beryllium, Copper, steel, and vanadium. 
In the pulp and paper industry, salt is used to bleach wood 
pulp. It also is used to make sodium chlorate, which is added 
along with sulfuric acid and water to manufacture chlorine 
dioxide, an excellent Oxygen-based bleaching chemical. 


environmental pressures to redu 
compounds containing chlorine. 


In tanning and leather treatment, salt is added to animal hides 
to inhibit microbial activity 


ce or eliminate other bleaching 


nutrients not found naturally in the diet of certain livestock. 
Salt is also compressed into pellets that are used for water 
conditioning. | 

Food Processing.—Every person uses some quantity of 
salt in food. Aside from table salt, sodium is found in many 
processed foods, such as monosodium glutamate and baking 
soda. The salt is added to the food by the food processor or 
by the consumer as a flavor enhancer, preservative, binder, 
fermentation-control additive, texture-control agent, and color 
developer. Studies show that about 90% of Americans eat зя 
sodium than is recommended for а healthy diet. In fact a stu : 
published in the American Journal of Clinical Nutrition ES 
that infants as young as 6 months can develop des a и 
salty foods such as starchy, sodium-bearing bread, weer 
cereals that are used as beginning solid foods for babies 

et, 2011). ; 
ТЕ U.S. МИРИ of Health and Human Services a 
that 77% of the sodium intake by people comes from d 
and prepared foods with 65% coming from food ur 
Stores and another 25% from meals purchased in resta for 
Where the actual sodium contents can vary. The iE 
Disease Control and Prevention (CDC) indicated that | Ц 
of food account for 44% of the sodium intake by je св 
are, in declining order of sodium content, breads n | din 
cuts and current meats (deli or packaged ham jd ОШ 
fresh and processed poultry (chicken nuggets an le 
soups, sandwiches (cheeseburgers), cheese, iret (meat laf 
(excluding macaroni and cheese), meat mixed dis Раа 
with tomato sauce), and snacks (chips, pretzels, ап Es cooking 
Other sources of sodium intake include salt = sources 
(5%), salt added while eating (6%), and О nits for 
(12%) (Los Angeles Times, 2010; Ruggles, 2012; 
Disease Control and Prevention, 2012). | dnd. 

The food processing category is subdivided, п ng 
order of salt consumption, into other food A UE Tot 
packers, canning, baking, dairy, and grain e 3 | 
salt sold for food processing was 1.77 Mt in 20 is to promote 

In meat packing, salt is added to processed RE ed meat 
color development in bacon, ham, and other pr ue of bacteris, 
products. As a preservative, salt inhibits the ae pc 
which would lead to spoilage of the product. Sa pem 
binder in sausages to form a binding gel made Mos and asa 
fat, and moisture. Salt also acts as a flavor enhan 
tenderizer. lor-, 

In the dairy industry, salt is added to т subsector 
fermentation-, and texture-control agent. The RA 
includes companies that manufacture ш а сен, 
condensed and evaporated milk, frozen мек products 
natural and processed cheese, and specialty uU M and 

In canning, salt is primarily added asa n "ingredients 
preservative. It also is used as a carrier for a ON 
dehydrating agent, enzyme inhibitor, and ten f fermentation 

In baking, salt is added to control the rate у o gluten (the 
in bread dough. It also is used to strengthen "s P d as a flavor 
elastic protein-water complex in certain doug 
enhancer, such as a topping on baked goods. rain mill 

The food-processing category also nes г. and rice and 
products. These products consist of milling По 
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manufacturing cereal breakfast food and blended or prepared 
flour. 

In the “other food processing” category, salt is used mainly 
as a seasoning agent. This category includes miscellaneous 
establishments that make food for human consumption (such 
as potato chips and pretzels) and for domestic pet consumption 
(such as cat and dog food). 

Many consumers are confused with the words salt and sodium 
and often think the two words are synonymous, but they are not. 
Medical experts agree that the daily sodium intake per person 
should be 2,300 milligrams (mg) or less, which is the equivalent 
of one teaspoon of salt, or 5.8 grams (gm). Each gram of salt 
contains 0.4 gm of sodium, and one gram of sodium is equal to 
2.5 gm of salt (Downs, 2010; ScienceDaily, 2010). 

A study in the New England Journal of Medicine (NEJM) 
stated that cutting dietary sodium by three grams daily could 
reduce coronary heart disease and strokes. The report claimed 
that if everyone reduced their daily salt intake by one-half 
teaspoon, there would be between 54,000 and 99,000 fewer 
heart attacks, between 32,000 to 66,000 fewer strokes, between 
44,000 and 92,000 fewer deaths, and between 60,000 to 120,000 
fewer new cases of coronary heart disease in the United States 
each year. In addition, the salt reduction would result in an 
annual savings of $24 billion in health care costs 
(Bibbins-Domingo and others, 2010). 

The NEJM study received support by the New York City 
Department of Health and Mental Hygiene that endorsed draft 
guidelines that recommended a reduction of salt intake by 
20% during a 5-year period. The recommendations also were 
endorsed by 25 other city or State agencies and 17 national 
health organizations (Caruso, 2010; Felten, 2010). 

In an effort to address the concerns of excess sodium in 
the diet by the medical community and various government 
agencies, several major food processing companies voluntarily 
agreed to reduce the salt content in their processed foods. 

These companies found that consumers responded better to 
reducing their sodium intake when the sodium content was not 
emphasized on the labels. Foods that contained more than 500 
mg of sodium рег 100 gm were considered to be “high sodium" 
while foods with less than 120 mg of sodium per 100 gm were 
“low sodium.” Many of the food processing companies began an 
effort to reduce the salt content in their food products by about 
20% during a 3-year period as recommended by the NEJM 
study, so that the changes were not so noticeable 

(Brat and Tamman, 2010; RedOrbit Inc., 2010). 

Many food processors began to use sea salt in their foods as 
a replacement for vacuum pan salt (table salt) as a more natural 
and healthy alternative. By weight, sea salt and table salt contain 
about the same amount of sodium chloride, and both have the 
same basic nutritional value. Sea salt is advertized and marketed 

as containing beneficial trace elements contained in seawater. 
According to the Mayo Clinic, these trace elements are virtually 
insignificant for human health but do add some flavor, larger 
crystal size, and color to the sea salt compared with the table salt 
that eliminates trace minerals and adds iodine and various 
free-flowing agents (Phillips, 2010; Zeratsky, 2010). 

Water Treatment.—Many areas of the United States have 
hard water, which contains excessive calcium and magnesium 
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ions that contribute to the buildup of a scale or film of alkaline 
mineral deposits in household and industrial equipment and 
pipes. Commercial and residential water-softening units use 
salt to remove the ions that cause the hardness. The sodium 
ions captured on a resin bed are exchanged for the calcium and 
magnesium ions. Periodically, the water-softening units must 
be recharged because the sodium ions become depleted. Salt is 
added and dissolved, and brine replenishes the lost sodium ions. 
In 2011, 311,000 t of salt was sold for primary water treatment 
and an additional 493,000 t was sold for water conditioning 
distribution. 


Stocks 


Because bulk salt is stored at many different locations, such 
as plants, ports, terminals, and warehouses, data on the quantity 
of salt stockpiled by the salt industry are not reliable enough to 
formulate accurate inventory totals; however, yearend stocks of 
producers were estimated to be 2 Mt, and consumer inventories 
also were estimated to be high. Most of these inventories 
were imported rock salt and solar salt. Many salt distributors, 
municipalities, road deicing contractors, salt producers, and 
States stockpiled additional quantities of salt in anticipation 
of adverse weather conditions. Deicing salt inventories during 
late 2011 to early 2012 were very large because the winter 
weather was unseasonably mild throughout most of the country. 
For the reasons discussed above, salt stocks are assumed to be 
the difference between salt production and salt sold or used in 
calculating apparent consumption. 


Transportation 


Because the locations of the salt supplies are not often 
near consumers, transportation may be an important cost. 
Pumping salt brine through pipelines is an economic means 
of transportation but cannot be used for dry salt. Large bulk 
shipments of dry salt in ocean freighters or river barges are low 
in cost but are restricted in points of origin and consumption. 
River and lake movement of salt in winter is often severely 
curtailed because of frozen waterways. As salt is packaged, 
handled, and shipped in smaller units, the costs increase and are 
reflected in higher selling prices. 

Transportation costs significantly add to the price of salt. In 
some cases, shipping costs are higher than the actual value of 
the salt. Ocean vessels can transport greater quantities of salt 
than barge, rail, or truck shipments. Transoceanic imports of 
salt have been increasing in some areas of the United States 
because they are more cost competitive than salt purchased from 
domestic suppliers using barge, rail, or truck transportation. One 
important factor that often determines the quantity of salt that 
can be imported is the depth of the channels and the ports; many 
ports are not deep enough to accommodate larger ships. 


Prices 


The four types of salt that are produced have unique 
production, processing, and packaging factors that determine the 
selling prices. Generally, salt sold in bulk is less expensive than 
salt that has been packaged, pelletized, or pressed into blocks. 
Salt in brine is the least expensive salt sold because mining and 
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processing costs аге less. Vacuum pan salt is the most expensive 
because of the higher energy costs involved in processing and 
the purity of the product. 

Price quotations are not synonymous with average values 
reported to the USGS. The quotations do not necessarily 
represent prices at which transactions actually took place, or bid 
and asked prices. The annual average values, as collected by the 
USGS and listed in table 8, represent a national average value 
for each of the types of salt and the various product forms. 


Foreign Trade 


Under Harmonized Tariff Schedule of the United States 
(HTS) nomenclature, imports are aggregated under one category 
named “Salt (including table and denatured salt) and pure 
sodium chloride, whether or not in aqueous solution, seawater.” 
The same classification also applies to exports. The HTS code 
for salt is 2501.00.0000. The trade tables in this report list the 
previous and current identification codes for salt. Although 
several other HTS codes pertain to various salt classifications, 
the United States aggregates shipments under one code because 
the sums of individual subclassifications fail to meet the 
minimum dollar requirements necessary for individual listings. 

Based on U.S. Census Bureau data for 201 1, the United States 
exported 846,000 t of salt; this was a 42% increase compared 
with that of 2010 (table 9). In 2011, the majority of exports 
(89%) were to Canada. Salt was shipped to 90 countries through 
39 customs districts; the Buffalo, NY, district exported the most 
and represented 52% of the U.S. total (table 10). Based on U.S. 
Census Bureau Statistics, the United States imported 13.8 Mt 
of salt from 52 countries in 2011, which was 7% more than 
was imported during 2010 (table 11). Canada was the leading 
source of imports, representing about 39% of tota] imports, 
followed closely by Chile (36%). Table 12 lists the imports 
of salt by customs districts. Of the 40 customs districts that 
imported salt in 20] I, the New York, NY, customs district was 
the largest in terms of tonnage, accounting for about 14% of 


subsidiaries of major U.S. salt producers. 
salt can be purchased and delivered to man 


of domestic salt, and ocean freight rates 
overland rail or truck rates. 


World Review 


Table 13 lists world salt productio 
based on reported and estimated infi 


increased its production. In 2011, estimated salt production in 
China was about 72 Mt, making it the leading salt producerin 
the world, with about 25% of total world output. 

Most countries possess some form of salt production | 
capability, with production levels set to meet their own domestic 
requirements and with additional quantities available for expot 
to other countries. Many developing nations tend to develop 
their agricultural resources to feed their population first. 
Utilization of easily extractable mineral resources follows, and 
salt is one of the first mineral commodities to be mined. Some 
countries, such as the United States, import a substantial amu 
of salt to meet total demand requirements because of economic 
factors, as previously discussed. 


Outlook 


The U.S. salt industry continued to be a leader in T 
production, consumption, and world trade in salt. se » 
closing and idling of some chlorine plants since icon 
Nation's economic problems, the remaining chlorine acili 
ran at higher capacity utilization rates, thereby increasing 
chlorine and caustic soda production as well as salt xx 
production and consumption. Because the inan К E 
is energy intensive, any increase in energy prices is like м 
reduce chlorine manufacture as well as salt brine ret а 
salt and vacuum pan salt production and consumption oe 
constant and are expected to remain stable. U.S. s n 
Is expected to be between 44 Mt to 48 Mt through A | ithe 
salt production and consumption are heavily depen vias fd 
severity of winter weather. Because many municipa n 
sufficient inventories on hand for the 2011—12 winter cA p 
less rock salt was produced in 2012. Although the ae ri 
the weather is virtually impossible to accurately ne 
advance, the supplies of salt, from either СИС и 
sources, аге likely adequate to meet апу anticipate 

d. ippin 
шон salt is a relatively low-value commodity, aim | 
cost for oceanic, rail, ог truck transportation can " pd 
determining factor when attempting to secure supply re 
from either domestic or foreign locations. If energy effect 
increase, one mode of transportation may be more S ido 
than others. Excluding deicing salt, domestic salt x E inc 
may fluctuate but is likely to continue to iue $ expected to 
with population growth. U.S. total salt productio 
be an estimated 44 Mt in 2012. 
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United States: 

Production: 
Brine 
Rock 
Solar 


Vacuum and open pans 


Total 


Sold or used by producers: 


Quantity 

Value 
Exports: 

Quantity 


Value 


Imports for consumption: 


Quantity 


Value 
Consumption: 


Apparent? 


Reported 
World, production 
"Estimated. ‘Revised. 


1 
Data are rounded to no more than three significant digits; may not add to totals shown. 


Excludes Puerto Rico. 


TABLE 1 


SALIENT SALT STATISTICS! 


(Thousand metric tons and thousand dollars) 


2007 


19,700 
16,800 
3,650 
4,420 
44,500 


45,500 
1,520,000 


833 
59,600 


8,640 
171,000 


53,300 
53,200 


261,000 * 


*Sold or used plus imports minus exports. 
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2008 


18,900 
20,900 
4,070 
4,200 
48,000 


47,400 
1,690,000 


1,030 
65,900 


13,800 
282,000 


60,200 
53,100 


267,000 ' 


2009 


17,800 
20,300 
3,880 
4,030 
46,000 


43,100 
1,750,000 


1,450 
74,100 


14,700 
337,000 


56,400 
45,000 


278,000 * 
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2010 


18,500 

17,600 ' 
3,120 € 
4,100 

43,300 


43,500 
1,690,000 


595 
69,300 


12,900 
322,000 


55,800 
48,600 
279,000 ' 


2011 


19,200 
18,400 
3,250 
4,080 
45,000 


45,500 
1,770,000 


846 
87,500 


13,800 
367,000 


58,500 
47,600 
286,000 * 
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TABLE 2 
U.S. SALT COMPANIES BY PRODUCTION CAPACITY, LOCATION, AND TYPE IN 2011 


(Thousand short tons) 


Company Rock Solar 


American Rock Salt Co., Hampton Corners, NY 4,500 -- 
California Supreme Salt, LLC, Twentynine Palms, CA! = 15 


Cargill, Inc.: 
Akron, OH es m 
Avery Island, LA 
Breaux Bridge, LA as ка 
Cleveland, ОН 
Freedom, ОК ss 300 
Lake Point, UT -- 800 
Гапзше, МУ i 
Hutchinson, KS 
Newark, CA | us 750 
St. Clair, MI x dis 
Watkins Glen, NY -- -- 

Corpus Christi Brine Services, Inc., Benavides, TX -- 

Detroit Salt Co. LLC, Detroit, MI 

Dow Chemical Co., The: 
Freeport, TX - 
Plaquemine, LA 

E.I. duPont de Nemours, New Johnsonville, TN -- 

Huck Salt Со., Fallon, NV 

Hutchinson Salt Co., Hutchinson, KS 750 

Independent Salt Co., Kanopolis, KS 750 

Key Energy Services, LLC, Hobbs, NM? 

Lyons Salt Co., Lyons, KS 

Moab Salt, Inc., Moab, UT -- 

Morton International, [пс.: 
Fairport, OH 
Glendale, AZ 
Grand Saline, TX 
Grantsville, UT 
Manistee, MI 
Rittman, OH 
Silver Springs, NY 
South Hutchinson, KS 
Weeks Island, LA 


The Mosaic Co., Hersey, МГ 
— 100 


New Mexico Salt and Mineral Corp., Loving, ММ 


North American Salt Co.” 

Cote Blanche, LA 

Lyons, KS 

Ogden, ОТ -- 
Occidental Chemical Согр., Wichita, KS’ — -- 
Olin Corp., McIntosh, AL -- -- 
PB Energy Storage, Inc.? _ 

Dale, NY =- a 

Napoleonville, LA -— 


PPG Industries, Ine; ____________----- _ x 
Lake Charles, LÀ И d 


New Martinsville, WV 
Redmond Clay & Salt Co., Inc., Redmond, UT 208 


9 
Searles Valley Minerals, Inc., Trona, CA 8 125 


. 0 
South Bay Salt Works, Chula Vista, СА! i - 
Tetra Technologies, Inc., Amboy, CA 


See footnotes at end of table. 


Vacuum and 
Open pans 


TABLE 2—Continued 
U.S. SALT COMPANIES BY PRODUCTION CAPACITY, LOCATION, AND TYPE IN 2011 


(Thousand short tons) 
"——— ee E SS eee 
Company Rock Solar Open pans Brine 
Texas Brine Corp.: = (2) 
Beaumont, TX 3 g x (2) 
Т Glace EA o ыд А ~ ч Q) 
EOD» EGO : и > о) 
_ Corpus Christi, TX — —  _ 00000 00 т i ' @) 
НОЖОВЕ за Е Д к @) 
ОТС ol e ro б у ~ @) 
Е AERE ES ED a А 335 © 
US Salt L.L.C., Watkins Glen, NY Á z © 
Carlsbad, NM ae we á i 
E C ТТ a е. 8 м Ёё 200 = 
_ Saltville, VA oe — 5 750 20.400 
Total Production Capacity 25,200 5,150 — 
-- Zero. 


'Formerly Superior Salt Co. у 
"Includes brine for sale and for captive use. Individual brine capacity is assumed to be equal to the quantity of annual brine 
production, and therefore, considered company proprietary data. Brine producers include those chloralkali producers | 
that produce captive brine and companies that supply brine for chloralkali manufacture, oil field chemicals, etc. Total brine 
production capacity is the quantity of brine produced for the year. 

Formerly Rowland Trucking Co., Inc.; then became Yale E. Key, Inc. 

“Sells salt to North American Salt Со. 

*Owned by Compass Minerals, Inc. 


°Owned by Compass Minerals; operated by Great Salt Lake Minerals Corp. 
7 j 
Formerly Vulcan Chemical Co. 


8 Associated with Texas Brine Corp. 
*Formerly Pacific Salt and Chemical Co. 
Formerly Western Salt Co. 


Source: U.S. Geological Survey. 


TABLE 3 
| 
SALT PRODUCED IN THE UNITED STATES, BY TYPE AND PRODUCT FORM 


(Thousand metric tons) 


а Ор RE НЕР 


Vacuum 
and 
2010: 
Bulk 959 2230: 17,100" 18,500 38,800 
_ Compressed pellets 1,230 326 XX Ex. ai 
Packaged 1,770 474" 3887 ХХ 2,640 
Pressed blocks 138 92 67 XX 297 
Тога] 4,100 3120г 17,600" 18,500 43,300 
ОКРЕНЕ pet e 
Y co MEE 949 2410 17,900 19,200 40,500 
. Compressed pellets — — 1,220 337 XX xx 1,560 
Packaged 1,790 430 438 XX 2,650 
Pressed blocks 127 75 52 XX 254 
Revised. XX Not applicable. 
Data are rounded to no more than three significant digits; may not add to totals shown. 
ook 
nk U.S. GEOLOGICAL SURVEY MINERALS YEAR? 


ТАВГЕ 4 
SALT SOLD OR USED IN THE UNITED STATES, BY TYPE AND PRODUCT FORM"? 


(Thousand metric tons and thousand dollars) 


—————————— M MÀÀ—À ee ee ЦРН 


Vacuum and 
open pans Solar Rock Brine Total 
Product form Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 
2010: 
Bulk 750 83,100 1,850 г 48,200 г 17,500 г 598,000 г 18,500 138,000 38,500 867,000 
Compressed pellets 1,230 219,000 399 53,500 XX XX XX XX 1,630 272,000 
Packaged: 
Less-than-5-pound units = 270 NA 29 г МА 7' МА XX XX 307 ' XX 
More-than-5-pound units 1,630 NA 667 ' МА 351° NA XX XX 2,640 XX 
Total 1,900 396,000 697° 67,500 г 358 ' 37,900 г XX XX 2,950 502,000 
Pressed blocks: 
For livestock 128 NA 131 NA 69 NA XX XX 328 XX 
For water treatment 10 NA 3 NA 1 МА XX XX 14 XX 
Total 139 19,700 134 14,700 70 11,000 XX XX 342 45,400 
Grand total 4,020 718,000 3,080 " 184,000 г 17,900 647,000 г 18,500 138,000 43,500 1,690,000 
2011: 
Вик 763 82,400 2,700 64,700 17,900 652,000 19,200 156,000 40,600 955,000 
Compressed pellets 1,230 214,000 379 60,200 XX XX XX XX 1,610 274,000 
Packaged: 
Less-than-5-pound units 250 NA 49 NA 57 МА XX XX 356 XX 
More-than-5-pound units 1,630 NA 639 NA 447 NA XX XX 2,720 XX 
Total 1,890 378,000 688 67,600 503 53,900 XX XX 3,080 500,000 
Pressed blocks: 
For livestock 118 NA 111 NA 50 NA XX XX 279 XX 
For water treatment 9 NA 3 NA 1 МА XX. XX 13 XX 
Total 127 17,900 114 16,300 51 8,480 XX XX 29] 42,600 
Grand total 4,000 692,000 3,880 209,000 18,500 714,000 19,200 156,000 45,500 1,770,000 


"Revised. NA Not available. XX Not applicable. 


"Рака are rounded to no more than three significant digits; may not add to totals shown. 
As reported at salt production locations, the term “sold or used” indicates that some salt, usually salt brine, is not sold but is used for captive purposes by plant or 
company. Because data do not include salt imported, purchased, and (or) sold from inventory from regional distribution centers, salt sold or used by type may differ 


from totals shown in tables 5 and 6, which are derived from company totals. 


TABLE 5 
SALT SOLD OR USED BY PRODUCERS IN THE UNITED STATES, 
BY STATE”? 


(Thousand metric tons and thousand dollars) 


Se QR ne ВА ge ae ee 
= сан 2 


2010 
State Quantity Value Quantity Value 

Kansas 3,080 194,000 3,060 186,000 
Louisiana 14,100 234,000 14,300 234,000 
New York 6,460 442,000 6,520 452,000 
Texas 9,130 173,000 9,330 180,000 
Utah 1,940 100,000 2,660 126,000 
Other Eastern States? 7,440 437,000 8,190 485,000 
Other Western States* 1,340 107,000 1,440 109,000 

Total 43,500 1,690,000 45,500 1,770,000 
Taa НИО PURPNS NL d 
"Estimated. ү 


!Data аге rounded to no more than three significant digits; may 


totals shown. EE 
?The term “sold or used” indicates that some salt, usually salt brine, 15 


sold but is used for captive purposes by plant or company: xvm 
?Includes Alabama, Michigan, Ohio, Tennessee, Virginia, and West Virginia. 


^Includes Arizona, California, Nevada, New Mexico, and Oklahoma. 
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DISTRIBUTION OF DOMESTIC AND IMPORTED EVAPORA 
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TABLE 7 


(Thousand metric tons) 


а № 
— ee о o  ) N 


2 


estic 5 РА 
Less than % unit. and imported quantities, Brine is excluded beca 


010 


U.S; GEOLÓGICAE SURVEY MINERALS 


TED AND ROCK SALT IN THE UNITED STATES, BY DESTINATION" 


vaporated Evaporated 
.  Evaporaed ___ .  . Evaporated | 
Vacuum and Vacuum and 
Destination pen pans Solar Rock Total open pans Solar Еск Ie 
Alabama 41 9 45 95 43 12 а j 
UM Um cue m oe 
Alaska 3 3 m 6 2 3 - 4 
Не аш 
Апгопа 12 112 1 125 14 109 | 123 
Ааа 48 6 49 103 45 7 m E 
California 197 548 2 747 197 713 3 73 
Colorado 12 85 58 156 12 86 5 
Connecticut 17 165 151 332 14 5 159 178 
Delaware 9 9 3 22 11 6 = : 
District of Columbia (з) 43 9 52 (3) (3) id : 
F lorida 68 198 3 269 75 195 3 213 
Georgia 105 74 60 238 104 95 9 i 
Hawaii Q) 2 -- 2 (3) у | 
ono o 
Idaho 21 90 G) 111 20 130 А " 
C ЛЗР OR P 
illinois 332 105 2.340 2,780 320 100 2,270 Ма 
. 3 { 
Indiana 254 108 923 1,290 246 115 551 Үн 
5, 
Iowa 128 102 604 833 123 97 440 948 
Kansas 78 45 859 983 75 38 iis 160 
Kentucky 72 7 1,160 1,240 72 6 pass | 0 
Louisiana 5] 7 216 274 59 8 239 3 
Maine 20 6 73 99 15 4 E » 
Maryland 83 161 159 403 78 22 ES n 
Massachusetts 32 43 238 313 33 6 den 0 
Michigan 269 38 1,740 2,050 262 36 1,290 on 
Minnesota 120 206 166 1,090 115 204 1,750 209 
Mississippi 22 5 197 224 20 > js # 
Missouri 112 75 532 719 110 97 a 63 
Montana 1 64 (3) 65 | 62 d 310 
Nebraska 56 43 145 244 54 43 Ble 314 
Nevada | 4 226 27 258 5 282 e 103 
New Hampshire 15 56 42 113 15 10 ты 311 
New Jersey 105 107 118 330 105 94 ne 217 
New Mexico 21 192 (3) 213 21 196 у 3,430 
New York | 176 30 2,850 3,050 181 24 eos on 
North Carolina 107 108 170 386 112 48 uH 4 
North Dakota 23 17 8 49 18 19 90 
. l 
ors 422 44 2710 3,180 431 47 2710 | 141 
а 30 30 122 182 29 29 62 
ЕЕЕ = 5 "s y ~ 5 o» у 
181 119 2180 187 65 ^ | 
Rhode Island 4 71 i (3) ks 3 1 и 
Зошћ Carolina 45 31 36 15 
South Dakota 24 51 : ; : 23 51 91 is 
Tennessee 110 6 539 656 133 7 doe af 
fup a = 293 168 315 Зб 309 171 E 234 
ur ope a А 15 261 9 17 207 
E a 5 202 ss 5 a » 
1 
rginia 99 121 276 113 32 p 
Washington 25 d | 6 3) d 
West Virginia 26 a x Ms E ps 256 2 
Wisconsin : 224 132 1,650 2 
e 186 155 1,340 1,680 202 173 m 65 
4 2 64 (3) 3 62 4 
Other 65 1 29 8 680 80 
са 14 79 117 100 
otal 4 3,000 3 
Гоа 160 — 4390 21700 30,300 4250 _ 3,920 __=> 


fu UD doma 15 
I И 


Lc 


а ta 


‘= э: 


PEE re 
vA vi 


га CK 


"Because data include salt imported, purchased, and (or) sold from inventory from regional distribution centers, data for evaporated and rock salt 
distributed by State may differ from totals shown in tables 1 and 3, which are derived from plant reports at salt production locations. Data may 


TABLE 7—Continued 


differ from totals shown in table 5 because of changes in inventory and (or) incomplete data reporting. 
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TABLE 8 


AVERAGE VALUE OF SALT, BY PRODUCT FORM AND ТУРЕ"? 


Pressed blocks 
'Revised. XX Not applicable. 
'Net selling value, free on board plant, excluding container costs. 
"Data are rounded to no more than three significant digits; may not add to totals 
shown. 
*Salt value data reported prior to 1984 were an aggregate value per metric ton of 
bulk, compressed pellets, and packaged salt. For time series continuity, an average 
of these three types of product forms is presented that is based on the aggregated 
values and quantities of the product form for each type of salt listed in table 3. 


(Dollars per metric ton) 


Vacuum 
and 
Product form open pans Solar Rock Brine 
2010: 
Bulk 110.83 26.03 г 34.23 г 7.49 
Compressed pellets 177.44 134.10 XX XX 
Packaged 209.19 90:55" 105151 XX 
Average? 180.08 57.41" 3567" 749 
Pressed blocks 141.56 110.27 158.23 XX 
2011: 
Bulk 108.06 23.98 36.36 8.15 
Compressed pellets 173.92 159.02 XX XX 
Packaged 200.74 98.17 107.04 XX 
Average? 174.00 51.11 38.29 8.15 
140.96 143.16 167.49 ХХ 


ТАВГЕ 9 


U.S. EXPORTS OF SALT, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2010 2011 
Country Quantity Value? Quantity Value? 
Canada 451 40,000 754 55,400 
China 1 797 1 556 
Colombia 2 480 2 537 
Costa Rica 2 379 2 357 
Dominican Republic 1 271 1 242 
Germany 1 494 1 525 
Honduras 1 233 1 267 
Јарап 3 2,390 6 1,710 
Malaysia 1 378 1 1,210 
Mexico 29 6,500 35 7,810 
Netherlands | 630 3 1,710 
Рапата | 611 | 373 
Saudi Arabia 8 2,200 6 1,660 
United Arab Emirates 2 609 | 695 
Other 91 13,300 31 14,500 
Total 595 69,300 846 87,500 


'Data are rounded to no more than three significant digits; may not add to 
totals shown. (The Harmonized Tariff Schedule of the United States code 


for salt is 2501.00.0000.) 


*Free alongside ship value at U.S. ports. 


Source: U.S. Census Bureau. 


TABLE 10 
U.S. EXPORTS OF SALT, BY CUSTOMS DISTRICT! 


(Thousand metric tons and thousand dollars) 


2010 2011 
District Quantity Value? Quantity Value? 
Anchorage, AK (3) 11 2 331 
Buffalo, МУ 76 9,830 440 26,200 
Cleveland, ОН 1 136 (3) 85 
Detroit, MI 191 15,200 75 9,670 
El Paso, TX 2 288 2 315 
Great Falls, МТ 2 647 3 855 
Houston, TX 13 5,510 11 4,230 
Гагедо, ТХ 22 4,860 29 6,410 
Los Angeles, СА 2° 3,150 10 4,290 
Miami, FL 3 1,190 2 1,890 
Mobile, AL (3) 108 (3) 26 
New York, NY 13 4,390 14 7,620 
Nogales, AZ 4 1,030 3 692 
Norfolk, VA 2 1,490 3 1,190 
Ogdensburg, NY 27 5,220 27 5,270 
Pembina, ND 2 628 4 1,090 
San Diego, CA 1 321 | 389 
San Francisco, СА 3 821 3 1,240 
Seattle, WA 34 2,450 8 2,200 
St. Albans, VT 4 771 7 1,200 
Other? ~ 193" 11,300 202 12,300 


1937 11,300. 202 12,300 
Тога] 595 69,300 846 87,500 
‘Revised. = 


‘Data are rounded to no more than three significant digits; may not add to totals 
shown. (The Harmonized Tariff Schedule of the United States code for salt is 
2501.00.0000.) 


"Free alongside ship value at U.S. ports. 
"Less than У unit. 


"Unkn own but assumed to be rail and (or) truck shipments to Canada through 
various points of departure. Also includes minor shipments through 19 other 
customs districts. 


Source: U.S. Census Bureau. 
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TABLE 11 
U.S. IMPORTS FOR CONSUMPTION OF SALT, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


Country 
Australia 
Bahamas, The 
Belgium 
Brazil 
Canada 
Chile 
China 
Colombia 
Cyprus 
Egypt 
France 
Germany 
India 
Israel 
Italy 
Japan 
Korea, Republic of 
Mexico 
Netherlands 
New Zealand 
Pakistan 
Peru 
South Africa 
Spain 
Switzerland 
Syria 


United Kingdom 


Vietnam 

Other 
Total 

-- Zero. 


Quantity 
118 
935 


24 


12,900. 


2010 


Value” 
3,590 
16,500 
887 
4,290 
119,000 
96,100 
2,720 
992 
286 
4,930 
6,800 
1,820 
435 
4,620 
3,970 
96 
1,720 
28,200 
11,100 
91 


290 

916 

219 
1,840 
322,000 


2011 
Quantity 


63 
512 

4 

132 
5,340 
5,030 
12 


1,480 
127 
(3) 


1 
95 
13,800 


Value” 
947 
8,940 
1,190 
3,120 
153,000 
102,000 
1,750 
909 

186 
7,450 
5,620 
1,880 
314 
4,120 
3,390 
161 
1,700 
44,700 
5,800 
98 
1,520 
8,250 
1,510 
3,560 
27 
1,270 
245 
3,130 
367,000 


"Data are rounded to no more than three significant digits; may not add to totals 
shown. (The Harmonized Tariff Schedule of the United States code for salt is 


2501.00.0000.) 


Customs value only. 


Less than % unit. 


Source: U.S. Census Bureau. 


ТАВГЕ 12 
U.S. IMPORTS OF SALT, BY CUSTOMS DISTRICT! 


(Thousand metric tons and thousand dollars) 


_____2010 NUNS | 
District Quantity Value? Quantity Value? 

Anchorage, AK 16 631 19 722 
Baltimore, MD 1,690 38,100 1,320 35,800 
Boston, MA 1,100 17,300 1,210 20,000 
Buffalo, МУ 122 2,780 107 2,700 
Charleston, SC 97 2,710 182 4,000 
Chicago, IL 912 15,400 1,140 22,600 
Cleveland, OH 271 6,720 233 6,760 
Columbia-Snake, OR 187 6,580 157 5,450 
Dallas-Fort Worth, TX 1 390 (3) Fa 
Detroit, MI 895 19,700 1,180 24,400 
Duluth, MN 28 2,610 62 5,880 
Great Falls, MT 7 844 6 939 
Los Angeles, CA 152 6,120 137 6,210 
Miami, FL 1 294 ] 429 
Milwaukee, WI 675 12,000 1,060 22,400 
Minneapolis, MN x 206 4,140 287 5.960 
Mobile, AL = 2 2,260 l 1,220 
New Orleans, LA 137 3,910 197 8,870 
New York NY —  — 2,010 49,300 1,950 45,900 
Norfolk, VA 240 5.210 154 3,980 
Ogdensburg, NY — 765 45,200 736 46,000 
Pembina, Мр Žž  — — 12 1,660 27 2,970 
Philadelphia, PA 1,600 31,700 1,600 35,600 
Portland, ME 708 12,300 891 18,400 
Providence,RI 350 6,860 270 6,180 
Зап Diego, CA — — — 6 2,010 7 2,050 
San Francisco, CA — —— 3 1,370 38 1,940 
Caru ie ee 5 1,050 5 р 
Savannah, GA ___ 42 1,500 31 1,630 
Seattle, WA —  — 44 3,110 121 4,410 
St. Albans, VT | 1 131 5 564 
St. Louis, MO č 1 320 1 273 
Татра, Е. __ 490 9,830 432 10,100 
Wilmington, NC | 126 4,360 159 5,930 
UID MEN 4 3,660 123 5,530 
а. Лобо . 322,000 —— 13,900. 367000 


1 
Data are rounded to no more than three significant digits; may not add to totals 
shown. (The Harmonized Tariff Schedule of the United States code for salt 

15 2501.00.0000.) 


2 
Customs value only. 
"Less than % unit. 


4 a 
Includes imports through six other customs districts. 


Source: U.S. Census Bureau. 
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TABLE 13 
SALT: WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 
Coun 2007 
Afghanistan, rock salt 170° 
Albania* 25 
Algeria, brine and sea salt 183 
Angola* 35 
Argentina 2,358 
Armenia 35 
Australia, salt and marine salt 10,855 
Austria, rock and brine 742 
Azerbaijan 7 
Bahamas, The 882 г 
Bangladesh, marine salt? 360 
Belarus 1,665 ' 
` Bolivia 2 
Bosnia and Herzegovina 502 
Botswana®° 210 
Brazil: 
Brine salt 5,365 ^ 
Rock salt 1,621 * 
Total 6,986 4 
Bulgaria" 2,000 
Burkina Faso* 5 
Burma, brine salt 71 
Cambodia 77 
Сапада 11,862 
Саре Мегде“ 2 
Chile 4,404 
China 59,760 
Colombia: 
Marine salt 310 
Rock salt 204 
Total 514 
Costa Rica, marine salt® 20 
Croatia‘ 33 4 
Cuba 141 
Denmark, sales* 600 
Djibouti? 30 ' 
Dominican Republic, marine salt? 50 
Есџадог“ 75 
Egypt 1,214 
Е Salvador, marine salt‘ 30 
Eritrea, marine salt 60 
Ethiopia, rock salt” : 260 ' 
France, all sources’ 6,140 


30 


2008 
158 ' 
25 
202 
35 
1,681 
37 
11,160 
874 
8 
1,024 ' 
360 
1,476 € 
1 
555 
210 


5,370 
1,650 
7,020 
2,100 
5 

54 

78 
14,386 
2 
6,431 
59,520 


386 
245 


75 

1,879 

30 

60 
300 * 

6,100 

30 


2009 
180 ' 
25 
269 
35 
1,478 
37 
10,316 
1,038 ' 
5 


1,000 =° 


360 
1,695 € 
2 
556 
210 


5,370 
1,650 
7,020 
1,300 
5 
133 
14,615 
2 
8,382 
66,630 ' 


357 
255 
612 


75 
2,952 
30 
60 


351 ^^ 


6,100 * 
30 


2010 
186 ' 
25 
187 ' 
45 
1,500 ° 
40 * 
11,968 
1,083 ' 


4 ђе 


1,036 ' 
360 


1,700 =° 


1 
663 
210 


5,370 
1,650 
7,020 
1,300 ' 
5 
97 
10,537 
2 
7,695 ' 
70,380 ' 


375 * 
260 * 
635 * 
32 
260 * 


75 
2,800 " 


60 


550 ^^ 


6,100 * 
30 


5,370 
1,650 
7,020 
1,300 
5 

98 


12,625 > 4 


2 
9,966 * 
72,000 


375 
260 
635 


Industrial brines 10,395 : 9,084 9,798 8,752 ' 9,160 
Rock salt and other 7,819 6,169 8,816 10,602 ' 9,300 
Salt, evaporated, includes marine salt 592 580 325 322 ' 320 
Total 18,806 ' 15,833 18,939 19,676 ' 18,800 
Ghana* 124 239 250' 250' 300 
Greece" 150 150 150 150 150 
Guadeloupe* 49 49 49 49 49 
Guatemala* 60 60 50 50 50 
Guinea" 15 15 15 15 15 
Honduras* 40 40 40 40 40 


See footnotes at end of table. 
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TABLE 13—Continued 
SALT: WORLD PRODUCTION, BY COUNTRY”? 


(Thousand metric tons) 


Coun 2007 2008 2009 2010 2011" 
Јсејапа“ 5 5 5 5 5 
ша 
 Marnesat == —— 16,000 16,000 16,500 17,000 17,000 
ое ва 3 3 3 3 3 
Total 16,000 16,000 16,500 17,000 17,000 
ое  —— 700 700 585 ' 600 ' 650 
аш 2,565 2,158 2,200 * 2,200 * 2,000 
Israel 400 421 357 421° 430 
"EPI ооо 2,214 4 2,200 2,200 2,200 2,200 
Jamaica’ 19 19,000 19,000 19 L 
C -—— о о ла 
Jordan 17 25 23° 33^ id 
Kazakhstan, salt and sodium chloride — — ^ ^ ^ 228 504 223 229 325 
Korea, North* 500 500 500 500 500 
Korea, Republic о 250 348 382 223 250 
Kuwait? aaa aae VE 14 14 14 15 
Laos, rock salt 35 35 35 35 35 
Lebanon? о — 20 20 20 20 20 
Lys o нае 40 40 40 40 20 
Маараке 75 75 75 75 ү 
Маје 6 6 6 6 $ 
Malta, marine заје ~ (11) (11) (11) (11) qu 
Martinique’ п о ——— 200 200 200 200 200 
Mauritania ~~~ (11) 1 (11) питу“ | 
Mauritius? g 4 8 8 8 8 : 
Mexico о анана 8,400 < 8,809 7,445 8,431 8,812 
Mongolia, mine output* i (11) 1 | | 
Montenegro, sea water еуарогаје“ 20 25 17 17 á 
Morocco, marine and rock salt 250 250 250 250 250 
Mozambique, marine salt 110 110 110 110 110 
Namibia, marine salt 811 732 807 ' 771 ' 800 
Net O O 2 - " Ў И 
or з АМА у == 5,000 5,000 5,000 5,000 5,000 
ыы ше л 500 500 500 Е s 
ew 
ма 100 100 100 100 30 


Nicaragua, marine sal? O OOOO 30 30 30 a0 
i эшш с" l | | 
Отап 15 


31 12 rc 
Pisan n—ÓCÜ! Duo io п | 
Магіпе salt? r г, 4 190 г, 4 200 
— Rocksat ^ ^  ————————————— 18 50 93 | 
ee ыз ы а 1,833 г 1,883 ' 1,941 ' 2,058 _ A 
web B LL TT 1.850 € 1.930 ' 2,034 ^* 2,248 " 7 
DC I MESE NND EN i уе as à Ш 
Hn ee титены: 1,185 1.276 1,567 1,570 ° 1463 
Philippines, marine salt у , З е 558 ' 560 
Poland: 438 510 
_ Коскза е __ 1,240 
r 1,236 r ,- 
Recovered from brine | : | 3 сз 5 a у 2464 ' 2,500 
Total | › , , Е 3.740 
г ‚700 ? 
Portugal, rock salt 3,522 a 748 i 561 561 
See footnotes at end of table. 591 560 209 
63.20 ҮЕАВВООК—®!! 
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Country? 2007 2008 2009 2010 2011° 


Romania:* 
Rock salt 514 50 40 45 45 
Other 2,425 4 2,400 2,000 2,000 2,000 
Total 2,476 4 2,450 2,040 2,050 2,050 
Russia? 2,200 4 2,200 2,200 2,200 2,200 
Saudi Arabia 1,507 1,600 1,640 5° 1,800 • 1,800 
Senegal 212 241 222 231° 230 
Serbia 30 30 29 31° 23 4 
Slovakia 101 99 • 38 40 * 40 
Slovenia* 2 2 2 2 2 
South Africa 412 430 ' 408 ' 394 ' 340 
Spain: 
Marine and other evaporated salt 1,500 4 1,500 1,500 1,500 1,500 
Rock salt 2,850 * 2,850 2,850 2,850 2,850 
Total 4,350 4 4,350 4,350 4,350 4,350 
Sri Lanka 70 111 11' 10" 11 
Sudan 23 . 11 36 142° 150 
Switzerland* 300 300 300 300 300 
Syria 81 89 г 78 81" 80 
Tajikistan" 52 52 52 52 52 
Tanzania 35 26 28° 24° 25 
Thailand:° 
Rock salt 1,135 4 1,212 ^ 1,200 1,200 1,200 
Other 100 100 100 100 100 
Total 1,235 4 1,312 * 1,300 1,300 1,300 
Tunisia, marine salt 933 1,063 1,280 ' 1,804 ' 1,500 
Turkey 2,366 2,472 3,768 4,000 • 4,000 
Turkmenistan* 215 215 215 215 215 
Uganda* 5 5 5 5 5 
Ukraine 5,548 4,425 5,395 4,908 ' 4,900 
United Kingdom:* 
Brine salt! /3 2,800 2,800 2,800 2,800 2,800 
Rock salt 2,000 2,000 2,000 2,000 2,000 
Other salt"? 1,000 1,000 1,000 1,000 1,000 
Total 5,800 5,800 5,800 5,800 5,800 
United States, including Puerto Rico: 
United States: 
Brine 19,700 18,900 17,800 18,500 19,200 * 
Rock salt 16,800 20,900 20,300 17,600 ' 18,400 * 
Solar salt 3,650 4,070 3,880 3,120 ' 3,250 4 
Vacuum and open pan 4,420 4,200 4,030 4,100 4,080 4 
Total 44,500 48,000 46,000 43,300 ' 45,000 ^ 
Puerto Вісо“ 45 45 45 45 45 
Total, United States and Puerto Rico 44,600 48,100 46,100 43,300 ' 45,000 4 
Venezuela" 350 350 350 350 350 
Vietnam 857 717 679 ' 1,057 ' 1,050 
Уетеп“ 53 61 65 75° 65 
Grand total 253,000 ' 258,000 € 270,000 ' 270,000 ' 277,000 ' 


“Estimated. PPreliminary. "Revised. — Zero. 


TABLE 13—Continued 
SALT: WORLD PRODUCTION, BY COUNTRY? 


(Thousand metric tons) 


World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


"Table includes data available through July 15, 2012. 
Salt is produced in many other countries, but quantities are relatively insignificant and reliable production data are not available. Some salt 


brine production data for manufacture of chlorine, caustic soda, and soda ash are not reported because of incomplete data reporting by many countries. 


"Reported figure. 
^ Year ending June 30 of that stated. 
"From natural soda ash production. 
Includes marine and rock salt and salt solution. 
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TABLE 13—Continued 
SALT: WORLD PRODUCTION, BY COUNTRY"? 


ПРИ И ek a grr ee EE -—— 


ŝYear beginning March 21 of that stated. 
"Includes marine salt. 


(рез not include production from Sardinia and Sicily, which is estimated to be 200,000 metric tons per year. 
!'Production by Magadi Soda Ash Ltd. only. 
Vv ear ending July 15 of that stated. 


Data captioned “Brine salt” for the United Kingdom are the quantities of salt obtained from the evaporation of brine; that captioned “Other 
salt" are for salt content of brines used for purposes other than production of salt. 
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SAND AND GRAVEL, CONSTRUCTION 
By Wallace P. Bolen 


Domestic survey data and tables were prepared by Michelle B. Blackwell and Hodan A. Fatah, statistical assistants. 


A total of 810 million metric tons (Mt) of construction sand 
and gravel was produced in the United States in 2011. This was 
a slight increase of 5 Mt from the revised production of 2010, 
the first increase in annual production since 2006, following 4 
consecutive years of decreases. The slight improvement came 
in response to increased demand from certain State economies 
experiencing the boom in natural gas and oil production and 
from some construction segments. While the 810 Mt is an 
increase, 2011 concluded 2 consecutive years with the lowest 
levels of U.S. sand and gravel production since 1991. 

Construction sand and gravel is a traditional basic building 
material and is one of the earliest materials used by humanity for 
dwellings and later for outdoor areas such as paths, roadways, 
and other constructs. Sand and gravel is very accessible and 
is widely used throughout the United States and the world. 

As sand and gravel became less available owing to resource 
constraint or economic conditions in some locales, builders 
began to crush bedrock to produce a manufactured sand and 
gravel often referred to as crushed stone. Sand and gravel and 
crushed stone combined are defined as construction aggregates. 
The crushed stone industry is reviewed in a separate chapter of 
the U.S. Geological Survey (USGS) Minerals Yearbook; both 
of these mineral commodities are usually included in reviews of 
national, State, or local aggregate industries. All percentages in 
this report were computed using unrounded data. 

Although some States had greatly increased demand related to 
energy production, demand was kept in check by the historically 
weak nationwide activity in the construction industry. The 
nearly flat sand and gravel consumption in 2011 was a reflection 
of the decrease in the total construction put in place as reported 
by the U.S. Census Bureau. Total construction value in the 
United States declined by about 3.3% in 2011 compared with 
that in 2010, after an 11% decrease in 2010 compared with that 
in 2009. Residential and nonresidential construction declined in 
2011, 1.4% and 4.1%, respectively. Only 4 of 16 nonresidential 
categories of construction increased in 2011: commercial 
(10.4%), conservation and development (2.8%), manufacturing 
(2.6%), and health care (0.9%) (U.S. Census Bureau, 2012). 

In the United States in 2011, 6,591 construction sand and 
gravel operations were active (table 6A), 648 operations were 
reported or assumed idle, and 213 operations either were 
reported to be closed or were assumed to be permanently shut 
down. Of the 6,591 active operations, 68 were classified as 
sales or distribution yards only; a sales yard is defined as a fixed 
location that receives sand and gravel from a distant source and 
sells it at the yard. In addition, 80 operations reported that they 
were either an open pit or a dredge combined with a sales yard 
that supplemented local production with material from a remote 
location. А small number of the idle sand and gravel operations 
reported recycling of asphalt and portland cement concrete but 
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no sand and gravel mining. The 6,591 operations with 7,949 
active sand and gravel pits were owned by 4,107 companies or 
government agencies operating in all 50 States. 

A review of the data provided by the U.S. Mine Safety and 
Health Administration (MSHA) revealed 439 newly opened 
or previously unaccounted for sand and gravel locations 
that reported at least 500 employee hours of activity during 
2011. Information was gathered from these newly recognized 
operations and is included in this report. In 2011, of the 6,591 
active operations surveyed, 3,254, or 4996, responded to the 
USGS canvass. Their total production represented 5396 of 
the 810 Mt produced in 2011. Estimates for operations that 
did not report were based on prior year's data and MSHA 
employee hour reports. Each year, hundreds of sand and gravel 
operations are idled, closed, or abandoned, and hundreds more 
are reactivated or opened. The changing location of construction 
and highway projects is the major factor in decisions to open, 
idle, or close operations. 

According to the U.S. Census Bureau in 2011, sand and 
gravel exports decreased by 696 to 357,000 metric tons (t), but 
the value increased by 25% to $28.2 million compared with the 
2010 data (tables 1, 12). For the first time since 2008, imports 
of construction sand and gravel increased, rising 29% in 2011 
compared with those in 2010, but the value decreased by 32% to 
$64.8 million (tables 1, 13). Imports have become a significant 
source for sand and gravel in some areas of the country but 
remain a tiny fraction of total consumption. Domestic apparent 
consumption of construction sand and gravel, which is defined 
as production for consumption (sold or used) plus total imports 
minus total exports, was 813 Mt. In addition to this, about 27 Mt 
of asphaltic and portland cement concrete was recycled during 
2011. 

Some information about the production of construction 
sand and gravel in foreign countries can be found in the U.S. 
Geological Survey Minerals Yearbook, volume III, Area 
reports—International. For nonreporting countries, estimates 
of sand and gravel and crushed stone production can be based 
on indirect indicators, such as the levels of asphalt and cement 


consumption. 


Production 


Of the four major geographic regions, the West again led the 
Nation in the production of construction sand and gravel in 2011 
with 280 Mt, or 3596 of the U.S. total (table 2). The Midwest 
ranked second with 242 Mt, or 3096; the South produced 
197 Mt, or 24%; and the Northeast produced 91 Mt, or 11%. 
Compared with that of 2010, production was down slightly in 
the Northeast and South regions and up slightly in the West. In 
the Midwest region, production increased more than the other 


regions, but still increased less than 2% compared with that of 
2010. 

Of the nine geographic divisions, the Mountain division led 
the Nation in the production of construction sand and gravel in 
2011 with 149 Mt, or 18% of the U.S. total, and was followed 
by the Pacific with 131 Mt, or 16%, and the East North Central 
with 124 Mt, or 15% (table 2). The two largest increases by 
division were in the Pacific (7.9%) and the West North Central 
(7.3%) in 2011 compared with that of 2010. The two largest 
decreases by division were in the South Atlantic (6.5%) and the 
Mountain (5.0%) in 2011 compared with that of 2010. Increases 
in the Pacific and West North Central divisions were partially 
in response to infrastructure related demand from the rapidly 
expanding oil and gas activity in those regions. 

In 2011, construction sand and gravel was produced in every 
State (table 3). The leading States with production greater 
than 25 Mt were, in descending order of tonnage, California, 
Texas, Minnesota, Arizona, Michigan, New York, Washington, 
Wisconsin, Ohio, Colorado, and Utah. The combined production 
of these 11 States represented about 52% of the national total. 
In 2011, production decreased in 29 States and increased in 
21 States compared with that of 2010. Production increases of 
greater than 10% were reported in nine States—Rhode Island 
(33%), North Dakota (25%), West Virginia (19%), Delaware 
(18%), New Jersey (17%), Alaska (15%), Nevada (15%), 
Oregon (14%), and Minnesota (12%). Production decreases of 
10% or more were reported in seven States—Missouri (22%), 
Maryland (14%), Virginia (14%), Arkansas (13%), Wyoming 
(12%), New Mexico (11%), and Idaho (10%). 

A review of the production of construction sand and gravel 
for consumption by size of operation indicates that 51% of 
the total production came from 2,021 operations with between 
100,000 and 499,999 metric tons (t) of production in 2011; 19% 
of the construction sand and gravel produced came from 269 
operations with between 500,000 and 999,999 t of production; 
and 15% came from 79 operations with 1 Mt or more of 
production. The majority of operations (4,222, or 64% of total 
operations) produced less than 100,000 t in 2011 (15% of the 
total production) (table 6A). 

In 2011, the leading domestic commercial producers of 
construction sand and gravel were, in descending order of 
production, Oldcastle Materials, Inc.; Lehigh Hanson, Inc.; 
Vulcan Materials Co.; CEMEX S.A.B. de C.V.; MDU Resources 
Group, Inc.; Holcim Group/Aggregate Industries Management, 
Inc.; Martin Marietta Aggregates; Granite Construction, Inc.; 
Lafarge North America, Inc.; and Mitsubishi Cement Corp. The 
combined production of these 10 companies was about 166 Mt, 
or about 21% of the national total. The top 100 producers of 
construction sand and gravel in the United States in 2010 are 
listed in table 14. 

Of the top 100 companies, one of the most active in recent 
years was a relatively new company, Summit Materials LLC. 
Founded in September 2009, Summit Materials was formed 
by a group of investors and the former chief executive officer 
of another leading U.S. aggregate company. Summit Materials 
developed a portfolio through acquisition of active aggregate 
operations and related businesses. Since then through 2011, 
the company purchased, in order of acquisition, Hamm, Inc., 
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Perry, KS; Hinkle Contracting Corp., Paris, KY; Conejo d 
Sons, Inc., Wichita, KS; Continental Cement Со, Hannibal, 
MO; Harper-Kilgore Cos. and Altaview Concrete, Inc. in Sah 
Lake City, UT; Con-Agg of Mo, LLC, Columbia, MO; MM 
Construction, Ltd. and associated companies, Paris, TE Em 
Construction, Inc. and Grand Junction Concrete Pipe, Ine. i 
Grand Junction, CO; Fischer Quarries, LLC, Sedina, MO; DB 
Resources, Inc., Salt Lake City, UT; Triple C Concrete, Inc, 
Twin Falls, ID; and Wind River Materials, LLC, Kemmerer 
WY (Summit Materials, 2012). Summit Materials a 
in production of construction sand and gravel in 2011, up Hua 


36th in 2010. 


Consumption 


Production of construction sand and gravel reported to F 
USGS by producers was material that was sold or са Е 
companies. Stockpiled production is not reported unti a 
sold or consumed by the producer. Because no or 
surveys are conducted by the USGS for sand and "T 
the sold or used tonnage is assumed to represent the am A 
produced for domestic consumption and export. Because : 
of the construction sand and gravel producers did not ion 

tion was reporte 
a breakdown by end use, their total produc а 
under “Unspecified uses, reported.” Ше S i 
of nonrespondents was reported under "Unspecre ^» 
estimated." | 

Of the 810 Mt of construction sand and gravel mat 
2011, 6096 was reported or estimated without oe MB? 
end use (tables 4—5). Of the remaining 327 Mt, ки aen 
concrete aggregate; 25% was used for road име олина 
and road stabilization; 13%, for asphaltic сопсге P about 1% 
other bituminous mixtures; 12%, for construction s w ^ 
each, for concrete products, plaster and gunite ке ше 
and ice control; and the remainder was used for csi, 
maintenance, filtration, railroad ballast, road is E 
roofing granules, and many other miscellaneo usnm 

To provide a more accurate estimate of the i ified us 
patterns for construction sand and gravel, the u E ket 
are not included in the above percentages. In ч Е 
ог use-pattern analysis, the total quantities жх the reported US 
“Unspecified uses” may be distr! buted one | 
categories by applying the above percentages, -r consumption 

Additional information regarding P Sao є in each State 
of construction sand and gravel by major гара Survey 
and State district can be found in the U.S. Mi roni 
Minerals Yearbook, volume II, Area reports 


Recycling | 
т construction 


T кет: qe not all of the compa" 
and demolition companies. pios v formation on аврђа 


surveyed responded to the request 10 NRI These 
and portland cement concrete recycling; ata receive fom 
data have been combined with recycling ^^ struction san 
aggregate mining companies, PE MEE ; this 
and gravel and crushed stone po ; шыш 
industry generally refers to the crus ee 

reuse of asphalt and portland cemen 


istics fro 


s. А g gre gates, 


ERALS 
U.S. GEOLOGICAL SURVEY MIN 


Xr struction, and demolition companies and related asphalt 
"CX а] ready-mix companies are often involved in construction 

* miratoj ects during which they collect and reuse the materials at the 

yak це. Sometimes construction companies haul their materials to 

му тж recycling location where the asphalt and (or) portland cement 

уш хи soncrete is processed for reuse. The USGS welcomes additional 

кои (um 'nformation on recycling and encourages all construction 

«(2.07 3aaterials recycling companies to provide statistics on their 

{Rig рујспушез. Companies involved in recycling may contact the 

Y'A zauthor of this report to receive more information on how to 

vain report. 

Recycled Asphalt Concrete.—In 2011, 13.4 Mt of asphalt 
:oncrete valued at $106 million was recycled by aggregate, 
onstruction, and demolition companies in 48 States (table 10). 
The leading States, all with more than 500,000 t of recycled 

г “asphalt concrete were, in descending order of tonnage recycled, 
£x Zií California, Illinois, Michigan, North Carolina, Pennsylvania, 
оз Minnesota, Kansas, and New York. About 5 Mt of asphalt 
‘x kxiconcrete was recycled Бу 287 sand and gravel companies. Sand 
[XS xztand gravel producers who reported the most recycled asphalt 
—»i**concrete were, in descending order, All American Asphalt Co.; 
srat KGM Contractors, Inc.; Oldcastle Materials, Inc.; Edw. C. Levy 
пи Со; and B.R. Amon & Sons, Inc. 
irit Recycled Concrete.—1n 2011, about 13.8 Mt of portland 
„а cement concrete valued at $103 million was recycled in 48 
5519 States (table 11). The leading States, all with more than 
500,000 t of recycled portland cement concrete were, in 
sii descending order of tonnage recycled, California, Illinois, 
29 Michigan, Virginia, Minnesota, Wisconsin, and Florida. 
ft! About 5 Mt of portland cement concrete was recycled by 289 
{ ae sand and gravel companies. Sand and gravel producers who 
„g Teported the most recycled portland cement concrete were, in 
d descending order, Vulcan Materials, Inc.; Dan Copp Crushing 
p Corp.; Knopik Crushing, Inc.; Kalin Construction Co., Inc.; and 
ys Kraemer Trucking and Excavation, Inc. 


" Transportation 
Js 


{8 ^ Information regarding the method of transportation of 

188 construction sand and gravel from the pit or processing plant 

st to the first point of sale or use is available for each geographic 
4» division and the total United States. Reports regarding the 

w” method of transportation were provided by the producers for 303 
5 МЕ, or 37% of the total U.S. production of construction sand and 
st? gravel in 2010. Of this total, 85% was transported by truck; 2%, 
„ by waterway; and less than 1% by rail (table 7). A significant 

qf portion of the 303 Mt (about 12%) was not transported and 

jg was used at or near the production site, probably for asphalt or 
portland cement concrete production. Because most producers 
neither keep records of nor report shipping distances or cost per 
metric ton per mile, transportation cost data are not available. 


yf 

Й Prices 

if 
j/ Prices discussed in this chapter are synonymous with average 


# unit value and are free on board (f.0.b.) plant, usually at the 

j first point of sale or for captive use. This does not include 

| transportation from the plant or yard to the consumer. It does 

| include all costs of mining, processing, in-plant transportation, 
f overhead, and profit. 
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The 2011 average price increased slightly to $7.43 per metric 
ton compared with that of 2010. By use, the prices varied from 
a high of $11.44 per ton for roofing granules to a low of $4.93 
per ton for fill (table 4). The largest increases in price were 
recorded for railroad ballast (31.8%), fill (10.2%), road base and 
coverings (5.9%), plaster and gunite sands (5.8%), and filtration 
(5.6%). The largest decreases were for road stabilization, lime 
(20.5%) and golf course maintenance (10.8%). 

The States having the highest unit value per metric ton were, 
in descending order, Hawaii ($15.67), Rhode Island ($12.92), 
Maryland ($11.89), Virginia ($11.61), California ($11.07), 
and Massachusetts ($10.13). The States having the lowest unit 
value per metric ton were, in ascending order, South Dakota 
($3.78), South Carolina ($4.43), Kansas ($4.90), and Minnesota 
($4.91). The unit value decreased in 16 States and increased in 
34 States (table 3). The States having the largest increases in 
unit value were, in descending order, Wyoming (43%), North 
Dakota (39%), Maryland (17%), Alaska (16%), Maine (16%), 
and Missouri (12%). The States having the largest decreases in 
unit value were, in descending order, Delaware (22%), Oregon 
(15%), New Jersey (12%), and Nevada (11%). 


Foreign Trade 


The widespread distribution of domestic sand and gravel 
deposits and the high cost of transportation limit foreign trade to 
mostly local transactions across international boundaries. U.S. 
imports and exports were equivalent to less than 1% of domestic 
consumption. 

According to the U.S. Census Bureau, exports of construction 
sand increased by 144% to 144,000 t compared with that of 
2010, and the value increased by 32% to $21.9 million 
(table 12). Mexico, which was the leading destination, received 
45% of the total sand exports, followed by the Canada (20%), 
and Argentina (7%). Exports of construction gravel decreased 
by 34% to 213,000 t compared with those of 2010, but the value 
increased by 5% to $6.3 million. Canada, which was the leading 
destination, received 61% of total gravel exports. Germany 
was the second leading destination receiving 22% of the gravel 
exports. The average value of the sand and gravel exports in 
2011 was $79 per metric ton; this was up by 33% from $59 per 
metric ton in 2010. These values may have been relatively high 
because some higher grade sand and gravel, such as industrial 
sand and gravel (especially frac sand), was being misclassified 
as construction sand and gravel. 

In 2011, imports of construction sand and gravel increased 
by 29% to 3.44 Mt, but the value decreased by 32% to 
$64.8 million (table 13). Canada was the leading source of 
construction sand and gravel imports, with 86% of the total. 
Mexico supplied about 9% of the imports, and The Bahamas 
supplied about 3%. The average unit value of the sand and 
gravel imports in 2011 was $18.82 per ton, down from $35.86 
per ton in 2010. 


Outlook 


Weak demand growth from most construction segments and 
flat revenues to and funding for governmental agencies and 
programs were expected to result in little or no increase in sand 
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and gravel consumption in 2012 compared with that of 2011. 
Data from the 2012 USGS quarterly survey of U.S. aggregates 
producers projects a slight increase in sales of sand and gravel 
compared with those of 2011, based on a sample of the leading 
sand and gravel producers in the United States. 

Pricing in the industry rebounded in 2011 after experiencing 
the first drop in average price since 1990. The 2011 average, 
while an improvement from 2010, was still a bit below the 
alltime high of $7.51 per ton set in 2009. Improving sales in the 
housing market and higher fuel costs could keep some upward 
pressures on sand and gravel prices for 2012. Larger price 
increases are more likely to continue in and near metropolitan 
areas because, as nearby resources are depleted, more 
aggregates will be transported from distant sources with the 
accompanying extra fuel cost. 
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TABLE 1 
SALIENT U.S. CONSTRUCTION SAND AND GRAVEL STATISTICS’ 


(Thousand metric tons and thousand dollars) 


NENNEN 
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Value 8,810,000 — 7,900,000 * 6,290,000 * 5,870,000 " 6,020,000 
Recycled: 
Quantity 20,100 — 29,00 28,00 26400' 27200 
Value 150,000 _ 252,000 264,000 _ 201,000' 210,000 
Exports: 
Quantity 365 392 439 INE а 
Value 28700 22400 23100 22,600 28200 
Imports: 
uantity 4,420 5,430 2,980 2,670 3,440 
Value 87,700 114,000 66,100 95,900 64,800 
"Revised. | 


‘Data are rounded to no more than three significant digits. 
nero Rico is excluded from all sand and gravel statistics. 
Asphalt and portland cement concrete recycled by construction, demolition, and aggregate 


mining companies. 
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TABLE 2 
CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY GEOGRAPHIC DIVISION! 
2010 2011 
Quantity Quantity 
(thousand Percentage Value Percentage (thousand Percentage Value Percentage 
Region/division metric tons) of total (thousands) of total metric tons) of total (thousands) of total 
Northeast: | 
New England 36,500 * 4.5 $302,000 ' 5.1 36,100 4.5 $316,000 5.2 
Middle Atlantic 54,300 ' 6.8 474,000 ' 8.1 54,700 6.8 478,000 8.0 
Midwest: 
East North Central 128,000 15.9 т 801,000 ' 13.6 € 124,000 15.4 773,000 12.8 
West North Central 109,000 ' 13.5 565,000 ' 9.6 117,000 14.5 633,000 10.5 
South: 
South Atlantic 51,700 ' 6.4 398,000 ' 6.8 ' 48,400 6.0 389,000 6.5 
East South Central 34,100 ' 4.2 ' 227,000 " 3.9 € 33,400 4.1 225,000 3.7 
West South Central 112,000 " 14.0 " 878,000 ' 15.0 г 116,000 14.3 912,000 15.2 
West: 
Mountain 157,000 : 19.5 1,070,000 * 18.1 149,000 18.4 1,020,000 17.0 
Pacific 121,000 15.1" 1,160,000 19.8 ' 131,000 16.2 1,270,000 21.1 
Тога! 805,000 ' 100 5,870,000 ' 100 810,000 100 6,020,000 100 
"Revised. 
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State 
Alabama 
Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
Florida 
Georgia 
Hawaii 
Idaho 
Illinois 
[ndiana 
lowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 
Washington — — 


Wisconsin 


TABLE 3 
CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN 
THE UNITED STATES, BY STATE' 
2010 2011 
Quantity 

Value Unit (thousand Value 
(thousands) value metric tons) (thousands) 
$56,200 $5.39 ' 9,910 $53,600 
52,700 ' 8.25 € 7,340 70,000 
296,000 * 8.27 32,800 264,000 
76,800 8.49 7,830 66,800 
811,000 ' 10.87 ' 80,300 889,000 
209,000 7.22 27,100 198,000 
55,300 9.35 5,510 54,600 
12,300 7.59 1,910 11,200 
105,000 ' 7.93 12,000 105,000 
28,400 5.54 5,050 29,700 
15,500 ' 15.25 ' 962 15,100 
78,500 ' 5.68 ' 12,400 67,700 
129,000 ' 6.57 18,800 121,000 
116,000 ' 6.16 _ 18,800 111,000 
84,400 € 6.16 ' 15,000 101,000 
52,000 ' 5.21 г 9,620 47,100 
30,100 ' 5.23 ' 5,750 32,600 
197,000 * 9.22 г 20,700 207,000 
45,900 ' 5.76 € 7,990 53,500 
82,700 10.18 6,980 83,100 
91,400 9.42 9,230 93,500 
190,000 : 5.70 31,900 178,000 
160,000 ' 4.90 ' 36,600 180,000 
93,800 ' 7.79 ' 11,600 93,600 
73,900 ' 6.21 9,250 64,100 
82,100 " 8.08 ' 11,000 85,800 
80,000 ' 6.38 12,900 77,900 
87,500 5.78 17,300 89,200 
55,600 ' 8.40 6,260 54,500 
105,000 10.50 11,800 108,000 
84,400 7.30 10,300 76,200 
249,000 ' 8.09 30,300 257,000 
46,500 ' 5.63 8,140 47,000 
66,400 ' 3.90 T 21,300 116,000 
232,000 7.75 27,400 219,000 
64,600 ' 6.09 ' 10,700 65,900 
93,000 8.15 13,000 90,400 
119,000 ' 8.81 12,700 114,000 
17,800 ' 11.81 ' 2,010 26,000 
30,200 4.25 7,070 31,400 
48,600 : 4.19" 12,700 47,800 
47,000 7.97 6,100 45,600 
540,000 " 7.56 € 76,400 573,000 
156,000 ' 5.78 ' 25,400 149,000 
35,600 ' 7.39 5,050 33,700 
89,200 ' 11.47 6,670 71,500 
191,000 " 6.89 29,100 208,000 
3,740 8.35 534 4,470 
134,000 * 5.11 27,500 145,000 
72,200 * 4.98 ' 12,800 91,000 


"Revised. 


"Раја are rounded to no more than three significant digits, except unit value; may not add to total 


Quantity 
(thousand 
metric tons) 


10,400 ' 
6,390 ' 
35,800 " 
9,050 
74,700 
28,900 
5,910 
1,620 
13,300 * 
5,120 
1,020 ' 
13,800 ' 
19,600 " 
18,900 " 
13,700 ' 
9,970 ' 
5,760 ' 
21,300 ' 
7,970 € 
8,120 
9,710 € 
33,300 " 
32,600 * 
12,000 * 
11,900 ' 
10,200 ' 
12,600 ' 
15,100 
6,620 ' 
10,000 
11,600 
30,800 ' 
8,260 * 
17,000 
29,900 
10,600 * 
11,400 
13,500 * 
1,510 ' 
7,100 
11,600 ' 
5,900 
71,500 " 
26,900 ' 
4,820 ' 
7,780 ' 
27,700 * 
448 
26,200 ' 
14,500 ' 


805,000 * 


5,870,000 ' 


7.30 " 


Unit 
value 
$5.41 
9.53 
8.05 
8.53 
11.07 
7.31 
9,91 
5.90 
8.71 
5.88 
15.67 
5.46 
6.44 
5.88 
6.75 
4.90 
5.66 
9.96 
6.69 
11.89 
10.13 
5.57 
4.91 
8.07 
6.93 
7.80 
6.03 
5.14 
8.70 
9.19 
7.40 
8.47 
5.78 
5.43 
8.01 
6.17 
6.93 
8.96 
12.92 
4.43 
3.78 


Total or average 8 10,000 - 6,020,000. . 49 
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ТАВГЕ 4 
CONSTRUCTION SAND AND GRAVEL SOLD OR USED IN THE UNITED STATES IN 201 1, 


Value 


(thousands) 
$1,160,000 


33,400 
21,900 
363,000 
516,000 
9,100 
4,610 
191,000 
27,300 
10,600 
1,830 
10,300 
10,500 
75,000 


1,210,000 
2,380,000 


Unit 

value 
$8.03 
9.96 
8.93 
8.79 
6.37 
7.46 
5.76 
4.93 
7.28 
10.98 
11.44 
9.22 
8.98 
10.63 


7.54 
7.39 


BY MAJOR USE! 
Quantity 
(thousand 
Use metric tons) 
Concrete aggregates (including concrete sand) 144,000 
Plaster and gunite sands 3,360 
Concrete products (blocks, bricks, pipe, decorative, etc.) 2,450 
Asphaltic concrete aggregates and other bituminous mixtures 41,300 
Road base and coverings 80,900 
Road stabilization, cement 1,220 
Road stabilization, lime 801 
Fill 38,800 
Snow and ice control 3,750 
Railroad ballast 967 
Roofing granules 160 
Filtration 1,110 
Golf course maintenance sand 1,170 
Other miscellaneous uses 7,050 
Unspecified 
Actual 160,000 
Estimated 323,000 
Total or average 810,000 


6,020,000 


7.43 


‘Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 


? Reported and estimated production without a breakdown by end use. 


SAND AND GRAVEL, CONSTRUCTION—2011 


I> 


+ 


64.7 


64.8 


TABLE 5 
CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN THE UNITED STATES IN 2011, BY GEOGRAPHIC 
DIVISION AND MAJOR USE! 


(Thousand metric tons and thousand dollars) 


Concrete products Asphaltic concrete 
Concrete aggregates Plaster and (blocks, bricks, pipe aggregates and other Road d 
(including concrete sand) gunite sands decorative, etc.) _ bituminous mixtures _ ones 
Region/division Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 

Northeast: 

New England 2,820 27,700 135 1,870 72 586 1,580 17,100 4.070 3400 

Middle Atlantic 9,080 90,700 264 2,470 162 1,690 2,650 22,000 4710 3650 
Midwest: 

East North Central 27,400 162,000 103 766 716 5,380 8,830 62,800 12,900 
West North Central 14,500 93,000 453 2,430 149 1,830 6,200 36,400 24,100 1030 
South: T 
South Atlantic 18,200 160,000 411 3,780 670 5,300 1,910 12,600 1,000 a 
East South Central 7,570 50,700 73 547 122 666 1,980 15,500 1,050 “a 
West South Central 29,300 237,000 201 1,830 136 1,700 1,270 8,730 2,430 
West: m 

Mountain 13,000 108,000 595 4,710 285 2,840 6,340 60,400 19,600 ө 
Расїйс 22,200 228,000 1,120 15,000 140 1,880 10,600 128,000 13,100 T7 
Total 144,000 1,160,000 3,360 33,400 2,450 21,900 41,300 363,000 82,900 = 
Snow and ice control Railroad ballast Other uses” £ T 
Quantity Value Quantity _ Value Quantity Value · Quantity Value Quantity 
Northeast: 
New England 2,020 9,830 825 7,580 64 443 24500 217,000 36100 pe 
Middle Atlantic 2,830 15,400 1,090 — 7,060 14 og 34,000 302,000 54700 
Midwest: А 
East North Central 8,960 41,200 941 4,580 188 1440 64300 417,000 24,00 a 
West North Central 4,180 14,200 399 2,610 40 838 67,200 379,000 117,00 , 
South: 00 
South Atlantic 4,360 13,900 29 243 ы — 21800 186,000 ip Ze 
East South Central 805 4,570 8 77 2 — 21800 147,000 р 20 
West South Central 4,310 19,200 7 51 31 332 78,000 617,000 1160 

West: % 
Mountain 4,930 23,200 365 4,350 304 3,020 104,000 678,000 он A 4 
Pacific ` 6,390 50,000 87 738 327 3,950 76,900 745,000 13 oa pm] 

Total 38,800 191,000 3,750 27,300 968 10,600 492,000 3.690,000 —— 810, , 

-- Zero, 

'Data are rounded to no more than three significant digits; may not add to totals shown. 

?Includes road and other stabilization (cement and lime). 

Includes reported and estimated production without a breakdown by end use. 
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Size range 
(metric tons) 
Less than 25,000 
25,000 to 49,999 
50,000 to 99,999 
100,000 to 199,999 


200,000 to 299,999 


300,000 to 399,999 


400,000 to 499,999 


500,000 to 599,999 


600,000 to 699,999 
700,000 to 799,999 
800,000 to 899,999 
900,000 to 999,999 


1,000,000 or more 
Total 


Size range 

(metric tons) 
Less than 25,000 
25,000 to 49,999 
50,000 to 99,999 
100,000 to 199,999 


200,000 to 299,999 


300,000 to 399,999 


400,000 to 499,999 


500,000 to 599,999 


600,000 to 699,999 


700,000 to 799,999 


800,000 to 899,999 
900,000 to 999,999 


1,000,000 or more 
Total 


TABLE 6A 
CONSTRUCTION SAND AND GRAVEL PRODUCTION IN THE UNITED STATES 
IN 2011, BY SIZE OF OPERATION! 


а 


Size range 
(metric tons) 

Less than 25,000 
25,000 to 49,999 
50,000 to 99,999 
100,000 to 199,999 
200,000 to 299,999 
300,000 to 399,999 


500,000 to 599,999 


400,000 to 499,999 


600,000 to 699,999 


700,000 to 799,999 
800,000 to 899,999 
900,000 to 999,999 


1,000,000 to 1,499,999 
1,500,000 to 1,999,999 


2,000,000 to 2,499,999 - 


2,500,000 and more 


Total 


"Data are rounded to no more than three significant digits. 


Number of 
operations 


2,048 
1,001 
1,173 
1,042 
532 
299 
148 
110 
74 

40 

23 

22 

48 

15 

12 

4 
6,591 


Percentage 
of total 
31.5 
15.0 
17.0 
15.0 
8.0 
4.0 
2.0 
1.0 
1.0 
0.7 
0.3 
0.2 
0.9 
0.2 
0.7 
0.3 
100 


TABLE 6B 
CONSTRUCTION SAND AND GRAVEL PRODUCTION IN THE UNITED STATES IN 201 1, BY REGION AND SIZE OF OPERATION’ 


Quantity 
(thousand 


metric tons) 
19,300 
32,900 
77,300 
134,000 
117,000 
93,000 
59,500 
54,000 
43,200 
27,300 
17,600 
18,800 
51,300 
23,400 
24,200 
16,100 
810,000 


Percentage 
of total 
2.0 
4.0 
9.0 
16.5 
14.0 
11.5 
7.0 
6.0 
5.0 
3.0 
3.0 
2.0 
7.0 
2.0 
4.0 
2.0 
100 


Northeast Midwest 

Quantity Quantity 

Number of Percentage (thousand Percentage Numberof Percentage (thousand 
operations of total metric tons) of total operations of total metric tons) 
398 37.3 3,680 4.0 733 30.8 7,230 
197 18.5 6,510 7.2 381 16.0 12,500 
176 16.5 11,300 12.4 482 20.2 32,200 
158 14.8 21,000 23.1 398 16.7 50,400 
60 5.6 13,800 15.2 169 7.1 36,600 
43 4.0 13,400 14,7 88 3.7 27,100 
12 1.1 4,580 5.0 50 2.1 20,200 
7 0.7 3,530 3.9 38 1.6 18,700 
6 0.6 3,520 3.9 12 0.5 6,900 
2 0.2 1,300 1.4 10 0.4 6,890 
3 0.3 2,290 2.5 7 0.3 5,400 
2 0.2 1,650 1.8 4 0.2 3,400 
3 0.3 4,300 4.7 11 0.5 14,000 
1,067 100 90,800 100 2,383 100 242,000 

South West 

Quantity Quantity 

Number of Percentage (thousand Percentage Numberof Percentage (thousand 
operations . of total metric tons) of total operations of total metric tons) 
228 _ 21.5 2,130 1.1 689 33.1 6,300 
114 10.7 3,860 2.0 309 14.9 10,000 
173 16.3 11,300 5.7 342 16.4 22,500 
186 17.5 24,800 12.6 300 14.4 38,300 
122 11.5 26,800 13.6 181 8.7 39,900 
82 7.7 25,600 13.0 86 4.1 26,900 
44 4.1 17,800 9.0 42 2.0 16,900 
35 3.3 17,200 8.7 30 1.4 14,700 
24 2.3 14,000 7.1 32 1.5 18,800 
14 1.3 9,550 4.8 14 0.7 9,530 
7 0.7 5,290 2.7 6 0.3 4,630 
7 0.7 5,990 3.0 9 0.4 7,780 
25 2.4 33,000 16.7 40 2.0 63,800 
1,061 100 197,000 100 2,080 100 280,000 


"Data are rounded to по more than three significant digits. 
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Percentage 
of total 

3.0 

5.2 

13.3 

20.9 

15.1 

11.2 

8.4 

7.7 

2.9 

2.9 

2.2 

1.4 

5.8 

100 


Percentage 
of total 

2.3 

3.6 

8.0 

13.7 

14.3 

9.6 

6.0 

5.2 

6.7 

3.4 

1.7 

2.8 

22.8 

100 
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ТАВГЕ 7 
CONSTRUCTION SAND AND GRAVEL SOLD OR USED ВУ PRODUCERS IN THE 
UNITED STATES IN 2011, BY GEOGRAPHIC DIVISION AND METHOD OF TRANSPORTATION’ 


(Thousand metric tons) 


Not Not 
Region/division Truck Rail Water Other transported specified Total 

Northeast: 

New England 9,100 -- -- 37 1,480 25,400 36,100 

Middle Atlantic 19,800 17 236 44 1,910 32,700 54,700 
Midwest: 

East North Central 47,500 138 2,700 831 4,850 68,300 124,000 

West North Central 42,700 259 331 83 7,530 66,400 117,000 
South: 

South Atlantic 24,200 58 148 9 1,830 22,100 48,400 

East South Central 6,010 74 1,230 42 765 25,200 33,400 

West South Central 29,700 579 -- 28 2,990 82,400 116,000 
West: 

Mountain 39,500 -- -- 168 5,930 104,000 149,000 

Pacific 39,500 -- 2,560 990 7,400 80,400 131,000 
-- Zero. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


TABLE 8 
NUMBER OF CONSTRUCTION SAND AND GRAVEL OPERATIONS AND PROCESSING PLANTS 
IN THE UNITED STATES IN 2011, BY GEOGRAPHIC DIVISION 
НП НИ ee ee Ук ТРЕ 
Mining operations on land 
Stationary No plantsor Dredging Total active 


— Region/division Stationary РопаЫе апі portable unspecified — operations _operations 
LO с —_ 
__ Ме England 250 207 47 19 - 523 
Middle Atlantic 249 198 44 28 25 544 
. East North Central _ 532 391 71 61 89 1,144 
_ West North Central 498 454 33 82 172 1,239 
South: o 
_ South Atlantic _ 131 63 14 58 р 2. 
East South Central _ 108 32 6 13 49 s 
_ West South Central 276 101 15 36 BY i 
West: 
Mountain 592 604 62 78 9 1,345 
Pacific! 396 238 50 35 16 735 
Total 3,032 2288 342 410 519 6,591 
-- Zero. 


| ; 
Ап undetermined number of operations leased from the Bureau of Land Management in Alaska are counted 
as one operation. 
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TABLE 9 
NUMBER OF CONSTRUCTION SAND AND GRAVEL OPERATIONS AND PROCESSING PLANTS 
IN THE UNITED STATES IN 2011, BY STATE 


Mining operations on land 
Stationary No plantsor ^ Dredging Total active 


State Stationary Portable and portable unspecified operations operations 
Alabama еы не т 
Alaska! 42 25 5 8 2 82 
Arizona 85 92 13 2 -- 192 
Arkansas 33 14 2 -- 3 52 
California 206 86 24 7 ri 330 
Colorado 103 123 11 19 4 260 
Connecticut 37 18 12 -- -- 67 
Delaware 3 -- -~ 3 4 10 
Florida 23 6 -- 8 19 56 
Georgia 18 4 3 -- 17 42 
Hawaii 16 6 -- -- -- 22 
Idaho 52 88 2 17 2 161 
Illinois 65 16 6 4 27 118 
Indiana 71 36 11 1 12 131 
lowa 49 73 6 8 21 157 
Kansas 30 44 2 11 36 123 
Kentucky 6 3 2 ] 10 22 
Louisiana 49 11 -- 14 39 113 
Маше 72 76 11 7 -- 166 
Maryland 21 3 3 7 3 37 
Massachusetts 66 23 4 1 -- 94 
Michigan 137 143 28 22 14 344 
Minnesota 167 170 16 27 6 386 
Mississippi 44 15 -- 5 14 78 
Missouri 34 8 2 ~- 29 73 
Montana 97 73 7 12 -- 189 
Nebraska 45 15 2 6 79 147 
Nevada 59 28 9 7 -— 103 
New Hampshire 35 42 10 2 -- 89 
New Jersey 30 9 3 3 12 57 
New Mexico 48 47 8 6 1 110 
New York 167 162 31 17 7 384 
North Carolina 30 19 5 22 12 88 
North Dakota 115 69 3 4 -- 191 
Ohio 111 51 11 13 33 219 
Oklahoma 30 13 -- 5 30 78 
Oregon 36 47 4 8 1 96 
Pennsylvania 52 27 10 8 6 103 
Rhode Island 13 3 4 1 -- 21 
South Carolina 14 16 | 5 11 47 
South Dakota 58 75 2 26 1 162 
Tennessee 20 7 3 1 11 42 
Теха$ 164 63 13 17 14 271 
Utah 87 83 10 4 -- 184 
Vermont 27 45 6 8 -- | 86 
Virginia 18 14 2 13 7 54 
Washington 96 74 17 12 6 205 
West Virginia 4 1 -- -- — 5 
Wisconsin 148 145 15 21 3 332 
Wyoming 61 70 2 11 2 146 

Total 3,032 2,288 342 410 519 6,591 
-- Zero. 


! An undetermined number of operations leased from the Bureau of Land Management in Alaska are 
counted as one operation. 


TABLE 10 
RECYCLED ASPHALT CONCRETE SOLD OR USED ВУ PRODUCERS IN THE UNITED STATES, BY STATE! 
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2010 2011 
Quantity Quantity 
(thousand Value Unit (thousand Value Unit 
State metric tons) (thousands) value metric tons) (thousands) value 
— State  metrictons) (thousands) value _ metrictons) (thousands) value 
Alabama 108 ' $1,610" $14.87 ' 52 $852 $16.53 
—————————-—-—————.—_ 5 . 
Alaska с 35 ' 673* 19.03' 39 606 15.69 
Апгопа 182 ' 1,730"  9,50° 127 1.300 10.19 
Arkansas 18 100 5.51 19 212 1105 
California 1,570" 10,900" 6.92 2.170 15000 691 
Colorado 356 ' 2,270 6.37: 419 2,880 6.87 
Connecticut 102° 685 ' 6.74 € 88 606 6.89 
ишу (2) 5 1529" (2) 5 1529 
Florida 101 ' 1,580" 15.72' 244 2,930 12.02 
Georgia 112 969" 8.64" 286 4630 1621 
Hawaii к i = => = -- 
Hawai — 0 0 
ара 114° 708" 6.19 41 257 627 
Ul к ы „ш с> + 902" 7,870 € 8.72 € 1,210 8,520 7.03 
Indiana 198 € 2,070" 10.46: 198 1,630 8.27 
ее, 107 ' 856 ' 7.99 T 119 1,110 9.28 
Kansas 1,270 ' 7,160 '  5.64' 727 3,750 5.16 
wentucky 65 457 7.00 114 649 5.68 
uisiana 136° 865 ' 6.38: 85 597 7.03 
Маіпе 39° 5207 13.49° 50 622 12.53 
Maryland 186 ' 943° 507! 156 1350 8.66 
Massachusetts 167 € 1,310" 7857 330 2.530 767 
Michigan 1,040 ' 6,730 6.45" 939 5.800 6.18 
ево 507 ' 4,040"  796' 776 6,320 8.14 
Mia 81 1,570 19.45" 11 37 А 
15507 7 
31 120 3.88 88 589 6. 
ee 34 ' 282' 8.34 ' 25 120 4.84 
ebraska г 17 
55 ' 477 8.65 € 101 931 9. 
Nevada (РАШ 4007 5,59° 73 692 9.48 
Мен Hampshire 276 ' 3,500" 12.67' 168 751 ae 
SESE 53° 312" 5857 78 559 7. 
e = x: 78" 473" 6.10" 48 267 5.52 
WE =. | 378 ' 3,080" ` 8.14" 593 4,690 7.91 
АЕ podna 698 ' 6,400 916' 834 7,320 8.78 
Ohio из 10 € 124" 12.72' 41 380 ке 
222' 1300' 5.85' 213 1,940 \ 
а ЕН , Е 
Oklahoma 57 628" 10.96" 53 60 1141 
r 
т 89 ' 858" 964" 85 697 821 
Rho a Е 550" 4,850 8.83' 812 5.480 6.75 
= т BK 86 ' 599" 700° 16 155 9,55 
уша 219: 3,6807 16.84: 199 3,630 18.22 
South Dakota * 9.57 
105 ' 905" 8657 113 1,080 | 
Tennessee 05 
T РЕ 94 ' 806'  856' 129 1,680 13. 
Texas 11.60 
ft Ss „ш. 259 2,000 7.73' 208 2,410 
37 238' 647" 160 1,480 9.28 
Vermont 77 
Virginia ^ ^ — — — 50" 992"  19,95' 53 576 10. 
Washington 277" 2,780" 10.03" 302 2,990 o 
West Virginia > 1160" 5977 255 1780 = 
Wisconsin is ге = 1] 3 ob 
: 1,410 € 8440' 5.97! 452 2,580 5. 
Wyoming ve + И p. 
U.S. total or : 3,93 * 90 
dez 12,800" 100,000" 7.85" 13,400 106,000 72 
aoea ee ——— 
Puerto Rico ás э 
Grand total or avera isk lee. SS Ps -- = 
Revised. — Zero, P 159007 100,000" — 7.83' 13,400 106,000 


ID | 
: ata are rounded to nom 
Less then 4 unit. 
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TABLE 11 
RECYCLED PORTLAND CEMENT CONCRETE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE! 


2010 
Quantity Quantity 
(thousand Value Unit (thousand Value Unit 
State metric tons) (thousands) value metric tons) (thousands) value 

Alabama (2) $1 $8.17 (2) (2) $9.89 
Alaska 65 ' 323 г 4.99 ' 112 562 5.02 
Arizona 122 1,060 ' 8.76 € 71 640 8.99 
Arkansas 27 60 2.20 1 7 7.72 
California 2,870 ' 20,900 7.31 2,800 21,200 7.58 
Colorado 582 3,710 6.38 426 2,980 7.00 
Connecticut 101 ' 737 € 7.33 € 77 533 6.94 
Delaware 108 598 5.51 1 13 10.99 
Florida 304 3,400 | 11.19 550 2,330 4.23 
Georgia 99 2,020 20.34 117 986 8.42 
Hawaii 6 70 12.26 € 6 81 13.55 
Idaho 181 1,090 6.00 18 120 6.61 
Illinois 836 6,640 ' 7.94 ' 1,690 13,400 7.93 
Indiana 114 863 7.54 183 1,420 7.76 
Iowa 240 1,170 4.88 265 1,470 5.53 
Kansas 275 1,870 6.80 317 2,330 7.33 
Kentucky - =a -- -- -- -- 
Louisiana 39 691 17.75 31 519 16.50 
Maine 28 ' 214° 7.59 ' 33 227 6.90 
Maryland 294 1,330 4.53 323 3,110 9.63 
Massachusetts 142 1,250 € 8.78 € 199 1,040 5.23 
Michigan 1,210 8,020 € 6.65 € 1,040 7,200 _ 6.93 
Minnesota 571 4,250 7.44 731 5,170 7.07 
Mississippi 133 1,990 14.96 62 413 6.72 
Missouri 37 322 8.75 ' 54 393 7.24 
Montana 34 282 8.34 25 120 4.84 
Nebraska 128 1,070 8.38 116 1,340 11.53 
Nevada 42 255 6.03 ' 50 300 6.03 
New Hampshire 99 € 381° 3.84 ' 152 825 5.42 
New Jersey 195 1,360 6.97 199 1,420 7.15 
New Mexico 5 38 7.71 2 13 7.71 
New York 250 2,060 € 8.24 ' 179 1,740 9.71 
North Carolina 222 2,490 1121" 261 2,950 11.31 
North Dakota 6 63 11.39 ' 32 327 10.21 
Ohio 349 2,380 6.81 445 3,540 7.96 
Oklahoma 87 1,050 12.00 ' 84 1,030 12.27 
Oregon 70 733 10.44 59 452 7.67 
Pennsylvania 352 1,740 4.94 350 1,750 5.00 
Rhode Island 84 583 6.91 15 139 9.25 
South Carolina 219 3,310 15.07 245 3,510 14.34 
South Dakota 92 537 5.85 79 667 8.42 
Tennessee 22 155 € 7.19 € 30 157 5.28 
Texas — 34 273 7.97 ' 275 2,280 8.28 
Utah 280 2,340 8.37 162 1,360 8.37 
Vermont 4 20 5.38 21 115 5.38 
Virginia 674 6,000 ' 8.91 833 7,210 8.65 
Washington 307 1,740 5.66 ' 365 2,490 6.81 
West Virginia -- -- -- ар = Ый 
Wisconsin 1,700 € 9,160 5.38 ' 589 3,050 5.18 
Wyoming 14 77 5.53 90 544 6.06 

U.S. total or average 13,600 ' 101,000 "€ 7.38 ' 13,800 103,000 7.52 

Territory 

Puerto Rico — -- ES s UE = 

Grand total or average 13,600 " 101,000 ' 7.38 € 13,800 103,000 7.52 


"Revised. -- Zero. 
‘Data are rounded to no more than three si gnificant digits, except unit value; may not add to totals shown. 


21 658 then № unit. 
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TABLE 12 
U.S. EXPORTS OF CONSTRUCTION SAND AND GRAVEL IN 2011, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


Sand Gravel 
——— MÓN о эс N I 


Value, Value, 
Country or territory Quantity fas.” Quantity f.a.s.” 
North America: 
Bahamas, The 2 334 1 58 
British Virgin Islands 3 50 3 57 
Сапада 29 3,250 130 2,960 
Mexico 65 3,070 (3) 15 
Other 2 642 16 321 
Total 101 7,350 150 3,420 
South America: 
Argentina 10 2,650 -- . sci 
Brazil 2 838 1 45 
Venezuela 1 159 3 93 
Other (3) 189 (3) 20 
Total 13 3,840 4 158 
Europe: 
Denmark 7 2,480 ты Mh 
Germany 4 1,680 46 1,680 
Netherlands 6 1,840 -- 5 
United Kingdom 2 955 1 45 
Other 2 588 3 109 
—Toül = 21 7,540 50 1,830 
I" -— ETT 
Cha ^ 5 1,520 = - 
_ Korea, Republic of — ^ —— | 331 l 570 
Other — 2 947 6 241 
Ти тшше 8 2,800 7 811 
Oceania (3) 25 2 45 
Middle East. (3) 244 (3) 49 
а аг. 


Айса 6) 92 - = 

_ Grand total — — — —— _____1аа 2190 213 $6310 
'Data аге rounded to no more than three significant digits; may not add to totals shown. 
Free alongside ship. Value of material at U.S. port of export; based on transaction price, 


including all Charges incurred in placing material alongside ship. 
"Less than % unit, 


Source: U.S. Census Bureau. 
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TABLE 13 
U.S. IMPORTS FOR CONSUMPTION OF CONSTRUCTION SAND 
AND GRAVEL, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2010 
Country or territory Quantity 

Antigua and Barbuda l 
Australia 7 
Bahamas, The 181 
Canada 2,190 
China 10 
Colombia 8 
France 3 
Germany 1 
Mexico 226 
New Zealand 5 
Peru 4 
Vietnam 26 
Other 14° 

Total 2,670 
"Revised. 


Value, 

с.1.Е2 
16 
819 
2,620 
42,100 
2,810 
186 
800 
576 
37,000 
1,490 
820 
2,020 

4,570 ' 

95,900 


2011 


Quantity 
1 
(3) 
98 
2,950 
14 
13 


28 
18 
3,440 


Value, 

c.i.f? 
19 
631 
1,630 
43,100 
2,880 
181 
647 
876 
7,510 
2,240 
765 
2,230 
2,050 
64,800 


!Data are rounded to no more than three significant digits; may not add to 


totals shown. 


^Cost, insurance, and freight. Value of material at U.S. port of entry; based on 
purchase price and includes all charges (except U.S. import duties) in bringing 


material from foreign country to alongside carrier. 


?Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 14 


THE TOP 100 PRODUCERS OF CONSTRUCTION SAND & GRAVEL IN THE UNITED STATES IN 2011! 


2011 2010 
Rank Rank Company 


1 1 Oldcastle Materials, Inc. 
2 4 Lehigh Hanson, Inc. 
3 3 Vulcan Materials Co. 
4 2 СЕМЕХ S.A.B. де C. V. 
5 6 Bureau of Land Management 
6 5 MDU Resources Group, Inc. 
7 7 Holcim Group/Aggregate Industries Management, Inc. 
8 8 Martin Marietta Aggregates 
9 10 Granite Construction, Inc. 
10 9 Lafarge North America, Inc. 
11 11 Mitsubishi Materials Corp. 
12 12 Trinity Industries, Inc. 
13 16 Colas, Inc. 
14 14 Fisher Industries 
15 13 CalPortland Co. 
16 17 A. Teichert & Son, Inc. 
17 15 Clyde Cos, Inc. 
18 19 Edw. C. Levy Co. 
19 22 Fordyce Ltd. 
20 45 WM.D. Scepaniak Construction 
21 27 Mathy Construction Co. 
22 20 Nugent Sand Co. 
23 18 Texas Industries, Inc. 
24 23 Lyman-Richey Sand & Gravel Co. 
25 21 Gila River Indian Community 
26 44 Miles Sand & Gravel Co. 
27 40 Holliday Rock Products Corp. 
28 25 R.E. Janes Gravel Co. 
29 28 L.G. Everist, Inc. 
30 30 All American Asphalt Co. 
31 29 Ash Grove Cement Co. 
32 34 Gernatt Dan Gravel Products, Inc. 
33 46 TheOlen Corp. 
34 42 FST Sand & Gravel, Inc. 
35 36 Summit Materials LLC 
36 39 US. Concrete, Inc. 
37 83 Standard Sand & Silica Co. 
38 86 Amboy Aggregates 
39  — JMAC Resources, Inc. 
40 89 Aggregate Construction, Inc. 
4l 47 Salt River Pima-Maricopa Indian Community 
42 26 York Building Products Co. 
43 37 Southern Aggregates LLC 
44 63 Dolese Bros. Co. 
45 _ 41 Central Specialties, Inc. 
46 49 New Enterprise Stone & Lime Co., Inc. 
47 53 Eucon Corp. 
48 32 Multisources Ltd. 
49 61 Chandler Aggregates, Inc. 
50 — 43 Mulzer Crushed Stone, Inc. 
— Not in the to 


1 


In descending order of tonnage produced. 


2011 


2010 


Rank Rank Company 


51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 

82 
83 
84 
85 
86 
87 
88 

89 
90 
91 

92 

93 

94 
95 

96 

97 

98 

99 

100 


73 Strata Corp. 


56 F.S . Lopke Contracting, Inc. 
65 Wright Materials, Inc. 


38 Irving Materials, 
— Tiller Corp. 


Inc. 


59 The Heritage Group 

55 Watson Gravel, Inc. 

85 Cretex Companies, Inc. 

48 E.R. Jahna Industries, Inc. 
— Farden Construction, Inc. 


67 A. Lindberg & S 


ons, Inc. 


— Dalrymple Gravel & Construction Co. 


60 Boral USA 
50 Clemente Materi 


als, Inc. 


64 Memphis Stone & Gravel Co. 


35 McMurry Ready 


Mix Co. 


76 Southwest Rock Products, LLC 
57 Wood Resources Corp. 

24 Las Vegas Paving Corp. 

— Bowes Construction, Inc. 

— B.R. Amon & Sons, Inc. 

62 Simpson Construction Materials, LLC 
69 Grand Rapids Gravel Co. 

77 Hilltop Basic Resources, Inc. 
78 Miller Springs Materials, LLC 
75 Capital Sand Co., Inc. 


100 Higman Sand & 


Gravel, Inc. 


— Liberty Materials, Inc. 
82 Mark Sand & Gravel Co. 
— О & G Industries, Inc. 


81 Hammett Gravel 


Co. 


88 Chaney Enterprises Ltd. 
52 Sundre Sand & Gravel, Inc. 
97 Pacific Aggregates, Inc. 


— Rasmussen Grou 
— Nebco, Inc. 


p, Inc. 


— Seven Points Sand & Gravel, Inc. 
51 Thelen Sand & Gravel, Inc. 
— William Mueller & Sons, Inc. 


91 Wissota Sand & 


Gravel Co. 


84 Roanoke Sand & Gravel Corp. 


— Waste Managemen 


t, Inc. 


68 Croell Redi-Mix, Inc. 
— LS Sand & Gravel Ltd. 
— Alleyton Resource Corp. 


— BJ Rees's Enterprise 


93 Aggregate Resou 


rces, Inc. 


— Hi-Grade Materials Co. 
— Northern [mprovement Co. 


96 Baldwin Sand an 


p 100 producers of construction sand and gravel in the United States in 2010. 


d Gravel, Inc. —— 
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SELENIUM AND TELLURIUM 


By Micheal W. George 


Domestic survey data and tables were prepared by Jesse J. Inestroza, statistical assistant, and the world production tables 
vere prepared by Glenn J. Wallace, international data coordinator. 


In 2011, the average U.S. dealers’ price for commercial-grade 
selenium and the average European price for tellurium increased 
from those of 2010. Estimated global consumption for both 


metals also increased, while estimated global production declined. 


One copper refinery in Texas reported domestic production of 
primary refined selenium and tellurium. Domestic production of 


{see Selenium and tellurium remained nearly unchanged in 2010. 


Except for two new mines in China, which began production 
in 2010, selenium and tellurium were recovered as byproducts 
of nonferrous metal mining, mostly from the anode slimes 
produced during the electrolytic refining of copper. Selenium 


- and tellurium were also recovered as byproducts from gold, 


lead, nickel, platinum, and zinc mining. 
In a 2006 survey of 56 worldwide electrolytic copper refiners, 
52 and 45 plants, respectively, reported selenium and tellurium 


; in their anode slimes. The selenium-containing slimes averaged 


7% selenium by weight, with a few containing as much as 25% 
selenium. Tellurium concentrations in tellurium-bearing slimes 
averaged 2% (Moats and others, 2007, р. 202—241). 

Selenium and tellurium can also be recovered economically 
from industrial scrap and chemical process residues. Obsolete 
and damaged photoreceptor drums from plain paper copy 
machines have been shipped by manufacturers to refineries for 
recovery of selenium and tellurium metal. With a shift to organic 
photoreceptors, the supply of obsolete selenium- and tellurium- 
bearing drums has declined in recent years and now appears to 
be nearly exhausted. 


Production 


ASARCO LLC’s (Tucson, AZ) copper refinery in Amarillo, 
TX, was the only U.S. producer of refined selenium and 
tellurium. One copper refinery produced and exported 
semirefined material containing 90% selenium plus tellurium 
for toll-refining in Asia, and one U.S. refinery generated 
selenium- and tellurium-containing slimes that were exported 
for processing. A copper refiner that had exported selenium- 
and tellurium-containing slimes recovered from imported 
anode, closed in mid-2010. Most of the selenium and tellurium 
contained in domestic anode slimes came from copper ores in 
Arizona and Utah. Domestic production of refined selenium and 
tellurium remained relatively unchanged in 2010. 

With the higher price of tellurium that prevailed during 
2007—11, tellurium was increasingly viewed as a valuable 
byproduct. This, and the rising price of gold, helped stimulate 
exploration for gold-telluride ores, including some early stage 
projects in the Western United States and Mexico. 


SELENIUM AND TELLURIUM—2011 


Consumption 


Selenium.—In 2011, world consumption of selenium was 
estimated to be greater than that in 2010. Selenium consumption 
by the glass industry increased owing to increased glass 
production. The estimated global distribution of consumption 
of selenium by application was metallurgy, 40%; glass 
manufacturing, 25%; agriculture, 10%; chemicals and pigments, 
10%; electronics, 10%; and other, 5% (Selenium Tellurium 
Development Association, 2012). 

The main use for selenium in metallurgical end uses was 
for the production of electrolytic manganese in China, where 
selenium dioxide (SeO,) was substituted for sulfur dioxide to 
reduce the power required to operate electrolytic cells. In 2011, 
demand for selenium by electrolytic manganese metal producers 
in China decreased slightly compared with that in 2010 owing to 
decreased consumption of electrolytic manganese metal by steel 
producers. About 2 kilograms (kg) of SeO, was used per metric 
ton of electrolytic manganese metal produced. 

Metallurgical-grade selenium was also used as an additive to 
cast iron, copper, lead, and steel alloys to improve machinability 
and casting and forming properties. In the United States, selenium- 
bismuth-copper alloys were substituted for lead-containing alloys in 
plumbing fixtures in response to requirements of the Safe Drinking 
Water Act Amendments of 1996 (Public Law 104—182) to reduce 
lead in potable water supplies. In lead-acid storage batteries, small 
amounts, about 0.02% by weight, of selenium were added to 
low-antimony lead alloys used in the support grids to improve the 
casting and mechanical properties of the alloy. 

Selenium was used to decolorize the green tint caused by iron 
impurities in container glass and other soda-lime silica glass. 

It was also used as a colorant in art and other glass, such as 
architectural plate and automobile glass, to reduce solar heat 
transmission through the glass. 

Selenium, an essential micronutrient for animal and human 
health, was added to fertilizer used to grow crops for animal and 
human consumption. This practice was more common outside 
the United States, in countries with selenium-poor soils, such as 
Australia and China. 

Chemical and pigment uses of selenium include industrial and 
pharmaceutical applications. Selenium's principal pharmaceutical 
use was in shampoo to control dandruff and dermatitis and as an 
antifungal agent. Cadmium sulfoselenide compounds were used as 
pigments in ceramics, glazes, paints, and plastics, but because of the 
relatively high cost and the toxicity of cadmium-based pigments, 
their use was generally restricted to applications where they were 
uniquely suited. In addition, selenium was used in catalysts to 
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enhance selective oxidation in plating solutions to improve 
appearance and durability, in blasting caps and gun bluing, in 
digital x-ray detectors, and in zinc selenide for infrared windows 
in carbon dioxide lasers. 

Selenium was also used in the production of thin-film 
photovoltaic (PV) cells. Three major types of thin-film PV cells 
were in commercial production—amorphous silicon and 
thin-silicon, cadmium telluride (CdTe), and copper indium 
gallium diselenide (CIGS). Conventional silicon-based cells 
remained the dominant PV technology. While production of 
thin-film PV cells increased in 2011, their share of production 
decreased to an estimated 11% of the total market. The major 
reason for the decrease in market share was that the cost of 
producing conventional silicon-based solar cells plummeted, 
so they were produced instead of the thin-film solar cells. 

Also the economic problems in Europe reduced the demand 
for solar cells, which led to an oversupply of all types of solar 
cells. Several companies, however, announced plans to expand 
production of nonsilicon-based solar cells within the next 
several years. In 2011, production of thin-film PV reached about 
3,700 megawatts (MW). Of this, 1,900 MW was CdTe solar 
cells and 700 MW was CIGS solar cells. Recent advancements 
in CIGS thin film technology have reduced production costs, 
improved performance, and reduced the environmental impact 
of production. Solar Frontier K.K. (Tokyo, Japan) was the 
leading producer of CIGS solar cells in 2011 (Shiao, 2012). 

Tellurium.—World consumption of tellurium was estimated 
to have increased slightly in 2011. The leading use for tellurium 
was high-purity tellurium in alloys for electronics applications, 
such as thermal imaging, thermoelectric, phase-change memory, 
and photoelectric devices. An increase in consumption in the first 
half of 2011 in these applications was partially offset by lower 
consumption in the second half of 2011 owing to declining solar 
cell demand and decreased demand for thermoelectrics in China, 
In addition to economic problems in Europe, the ending of some 
tax rebates in Europe for solar cells and the availability of cheaper 
conventional silicon-based cells led to a surplus of solar cells in 
the market. 

The estimated global distribution of consumption of tellurium 
by application was 40% in solar cell, 30% in thermoelectrics, 
15% in metallurgy, 5% in rubber formulation, and 10% in other 
(Selenium Tellurium Development Association, 2012). 

First Solar Inc. (Phoenix, AZ) was the global leader in CdTe 
production, with plants in Arizona and Ohio in the United States 
and in Germany and Malaysia, and Abound Solar Inc. 

(Fort Collins, CO) had production facilities in Longmont, CO. 
By yearend, both companies had reduced production owing to 
the surplus of solar cells in the market. Other manufacturers 
лы, : жыз s ке СаТе solar cells included Calyxo 
(Arvada, CO) aieh aa — Pd е i 
April 301 i. d во : шш ased by General Electric Co. in 

In 2011 : side ant Corp. (San Jose, CA) (Shiao, 2012). 
lena micrometers ( e не with an | 1% efficiency and 
100 metric tons (D of ae thick, would require approximately 
continuing investment, urtum per gigawatt (GW). However, 
| in technology has the i 
increase the efficiency t By potential to 

y to 15% and reduce the thickness to 
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0.67 um and would require only 13 t of tellurium per GW(Ut 
Department of Energy, 2011, p. 37). 3 

SN Plus Inc. (Saint-Laurent, Quebec, Canada) was the 
principal supplier of high-purity cadmium and telluriumtote | 
thin-film industry. The company signed long-term contracts | 
many of the thin-film producers and had solar-cell recycling 
facilities in Malaysia and the United States (Shiao, 2012) 

Mercury-cadmium-telluride was used in thermal-imaging 
devices to convert the raw image into a crisp picture on the 
screen, for infrared sensors, and for heat-seeking missiles | 
Semiconducting bismuth telluride was used in thermoelectne 
cooling devices employed in electronics and consumer prod 
These devices consist of a series of couples of semiconducting 
materials which, when connected to a direct current, сїй | 
side of the thermo element to cool while the other side heals 
Thermoelectric coolers were used in electronics and military 
applications, such as the cooling of infrared detectors, nega 
circuits, laser diodes, and medical instrumentation. In Chim, 
these devices were used in refrigerators, water dispenses, и 
other home appliances. The devices were also used in high! | 
automobile car seats to cool seats on hot days. Lower producto | 
rates in the Chinese home appliance industry in the pe 
of 2011 caused consumption of tellurium in China to be 80010) 
lower than 2010 (Metals Pages, 20112). " 
ү metallurgy, ЫШЫ was used in steel as а free-machining 


SA T a : inability while not reducing 
additive, in copper to improve machinability ration and iip 


conductivity, in lead to improve resistance to мог poma 
in cast iron to help control the depth of chill, and Ж - 
as a carbide stabilizer. Consumption in metallurgica ias a 
continued to decline owing to increasing user oret 
encouraged many steel and nonferrous metals pro 
consumption and find substitutes for i eV T 
Consumption in chemical, catalysts, an 0 


‘ces, Tellurium 
: ; : ; urium prices. 
to declined owing to increasing tell n accelerator IP 


was used as a vulcanizing agent and as a «thetic вЫ 
the processing of rubber and in catalysts Ж 5 of tellurium in 
production. Other applications included t А ae ind browt " 
blasting caps and as a pigment to produce 


in ceramics and glass. 
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The Platts Metals Week cen 2011, 75% higher ке 
for selenium was Qu Ж pos price began siue we 
annual average price In 4 — per poun d by late Ж” 
$50 per pound and rose to nese producers № tol 
of increased demand fr a с d by mi Sep Е ки 

i drop in late fell W 
ei ине plants closed ater Ke to 
supplies and failed anes + seleni С пей for 
bu idem Bs the end of Septet е) ше tell 

e 

th à t f the year (Metal-Page^» rdam 99.99" ri increas 

e rest O А hed Ro е а 58 T 

The Metal-Pages publisne* ^. in 2011,97 a $26 

i raged $349.35 per К! — е began the d from solar 
p i price. The price is is: үре 

m the : qu dix 

. wing [г 
$30 ane E ш ly increas d unt EARP oc" 
cell manufacturers, paisi 
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t 
У vs Tage of $420 to $440 per kilogram on April 26. The price range 


Я ` arted to decrease in the end of May, and by yearend the price 
um. "ince had declined to $220 to $300 per kilogram 


£7 щен] Bulletin, 2011; Metal- Pages, 2011b, c). 
чагаа 


гета Югеіоп Trade 
ө Ж ОГЫ 
ET Exports of selenium materials in 2011 increased by 57% 
P ipis with those of 2010. In descending order, China, 
n rires РЁ the Republic of Korea, Hong Kong, Germany, Canada, 
. 09 Australia accounted for 85% of selenium exports in 2011 
"uc 2). The annual average value of exports in 2011 of $18.39 
er kilogram was higher than the $17.41 per kilogram in 2010. 
<“ In 2011, imports of selenium (SeO, and selenium unwrought 
ЖЕП waste and scrap) increased by 25% to 601 t from 2010 
aoe произ (table 3). Japan, Belgium, China, the Philippines, 
LC -*Yjermany, Canada, and Mexico, in descending order, accounted 
22101 89% of the imports of selenium metal and SeO, into the 
<a X2X уреа States in 2011. 
2258 [n 2011, tellurium exports declined to 39 t from 59 t in 
7512202010. The main destinations were, in descending order, China, 
5 rizBelgium, Canada, Germany, and Hong Kong, which accounted 
zs for 94% of total tellurium exports (table 4). The average value 
"1 Jof exports of tellurium in 2011 was $186.88 per kilogram, which 
У. was higher than the 2010 value of $91.44 per kilogram. 
ЕН Imports of unwrought tellurium and tellurium waste and 
=-37 scrap increased by 70% in 2011 compared with imports in 2010. 
sm: 3 The leading suppliers, in descending order, Canada, China, 
1222 the Philippines, and Belgium, accounted for 97% of the total 
5 imports of tellurium metal into the United States (table 5). The 
29 average value of imports in 2011 was $184.31 per kilogram of 
an tellurium, which was 15% lower than that in 2010. 
zn T World Review 
155 
=) Global selenium and tellurium output cannot be easily 
st)? determined because not all companies or countries report 
503 production and because trade in scrap апа semirefined products 
xs! may be included in trade data. 
" In 2011, refinery production of selenium, based on data from a 
few countries, decreased by 10% to 1,980 t (table 6), principally 
owing to lower production in Canada and Japan. Average world 
production was estimated to be about 3,000 to 3,500 metric 
tons per year (t/yr) of selenium and 500 to 550 t/yr of tellurium. 
Based on global copper refinery data (Moats and others, 2007, 
р. 202—241), the U.S. Geological Survey estimated that copper 
^, anode slimes in 2006 contained 4,600 t and 1,200 t, respectively, 
f of selenium and tellurium. 
4 China.—In 2011, China was the leading consumer 
y of selenium, accounting for about 40% to 50% of world 
" consumption, as well as a significant producer. China still 
я depended, however, on imports for most of its selenium needs 
| and imported 1,560 t of selenium products in 2011, a slight 
Ў decrease compared with 2010 imports (Metal-Pages, 2012). 
Apollo Solar Energy, Inc. (Chengdu, Sichuan Province) 
started two mines where the principal product was tellurium. 
f Production from these mines was expected to supply 60% to 
70% of the company’s needs for tellurium to produce solar cells. 
The indicated and inferred resources for the Dashuigou project 
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in the Sichuan Province were 30,200 t of ore grading 1.09% 
tellurium and containing 328 t of tellurium, and the resources 
for the Majiagou project in Shimian County, Sichuan Province, 
were 13,400 t of ore grading 3.26% tellurium and containing 
437 t of tellurium. In addition to suppling its own solar cell 
production, the company entered into a contract with First Solar 
to supply CdTe material (Metal-Pages, 2009; Apollo Solar 
Energy, Inc., 2011, p. 15). 

Japan.—Production of selenium and tellurium dropped 
because of lower grades and the fall in copper production 
following the Tohoku earthquake in March. The major producers 
of selenium and tellurium were Kisan Kinzoku Chemicals Co., 
Ltd., Mitsubishi Materials Corp., Mitsui Metal Mining and 
Smelting Co., Ltd., Nippon Rare Metals, Inc., Pan Pacific Copper 
Co., Ltd., Shinko Chemicals Co., Ltd., and Sumitomo Metal 
Mining Co., Ltd. (Roskill’s Letters from Japan, 2011; 2012). 

Mexico.—Southern Copper Corp. (Phoenix, AZ) operated the 
La Caridad precious metals plant in the State of Sonora, which 
had a design capacity of 342 kilograms of selenium per day. 
Production in 2011 likely increased owing to higher production 
of refined copper (Southern Copper Corp., 2012, p. 32). 

Peru.— Southern Copper produced selenium at its Ilo refinery 
in southern Peru. In 2011, selenium production was 56,000 kg, 
down by 5% compared with that of 2010 (Southern Copper 
Corp., 2012, p. 41). 


Outlook 


The supply of selenium and tellurium is directly affected by 
the production of the principal product from which it is derived— 
copper—and to a lesser extent, by the production of gold, lead, 
nickel, or zinc produced from sulfide ores. Since global refined 
production of copper was projected to increase, production of 
selenium and tellurium also were expected to increase in 2012. 
Increased recovery rates at copper refineries could increase 
selenium and tellurium supply, and longer term investments in 
gold-telluride deposits and other sources of tellurium, such as 
the tellurium mines in China, could boost the global growth rate 
for tellurium production above the growth in copper concentrate 
production. Although increased environmental regulation and 
prices have encouraged the recycling of electronic scrap, recovery 
of selenium and tellurium has been declining during the past 
several years owing to the reduction in available scrap selenium- 
and tellurium-based copier drums. However, many high-grade 
tellurium producers and users were recovering much of the 
manufacturing scrap from the production of consumable goods. 
Also, solar-cell recycling plants have been built in the United 
States and around the world that would capture selenium and 
tellurium from CIGS and CdTe cells. 

Demand from China for selenium was expected to decrease 
owing to decreased demand from the electrolytic manganese 
metal industry. Global demand for selenium from glass 
manufacturing will probably increase, as there are few 
substitutes for this application, and solar cell production was 
expected to decline in 2012. 

In 2012, tellurium consumption was expected to decrease, 
chiefly owing to decreased electronics and solar-cell production. 
As the technologies for these uses, especially solar cells and 
thermoelectronics, continue to advance, manufacturers likely 


will find ways to reduce unit consumption through efficiency, 
recycling, and thrifting. Consumption for metallurgical alloying 
and chemicals was expected to decrease, assuming the price 

of tellurium continues to remain high; producers of low-value 
products were expected to find substitutes. 
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7 ТАВІЕ 1 
БЕЯ SALIENT SELENIUM AND TELLURIUM STATISTICS! 
i-* 4à (Kilograms, contained metal, unless otherwise specified) 
Illum 
1—€————— ——— у РМ 
2007 2008 2009 2010 2011 


—^^^—^——————H——J—— HB o A DELIS | ИН и, REN Lii, S NE 
ша Selenium: 


-::«6 — United States: 


с Production, primary refined W W W W W 
Exports 592,000 562,000 618,000 919,000 1,440,000 

IANI ^ Imports for consumption 544,000 519,000 263,000 480,000 601,000 
Dealers’ price, average, commercial grade,” dollars per pound 33.08 32.29 23.07 37.83 66.35 

3 World, refinery production 2,240,000 ' 2.240,000 ' 2,240,000 ' 2,210,000" 1,980,000 * 

Tellurium, United States: 

1] Production, primary refined W W W W W 

: Exports 15,100 50,000 8,700 ' 59,000 38,600 

-z3 Imports for consumption 43,700 ' 102,000 ' 84,000 ' 41,600 " 70,800 


Price, commercial de, dollars per kilo 110.00 175.00 130.00 221.25 349.35 


"= “Estimated. "Revised. W Withheld to avoid disclosing company proprietary data. 

'Data are rounded to no more than three significant digits, except prices. 

Source: Platts Metals Week. 

>For 2007-08, average yearend price published by Mining Journal for United Kingdom lump and powder, 99.95% tellurium. On September 14, 2009, this price 
was discontinued. For 2009, the price was the average September 14 price published by Mining Journal for United Kingdom lump and powder, 99.95% tellurium. 
The 2010—11 price was 99.99% tellurium IWH Rotterdam annual average price as reported by Metal-Pages.com. 
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TABLE 2 


U.S. EXPORTS OF SELENIUM! 


2011 


И я 
ао а Е С Е 


Country 
Argentina 
Australia 
Belgium 
Bolivia 
Canada 
Chile 
China 
Colombia 
Dominican Republic 
Ecuador 
France 
Germany 
Hong Kong 
India 
Indonesia 
Israel 
Japan 
Korea, Republic of 
Malaysia 
Mexico 
Netherlands 
Panama 
Peru 
Philippines 
Singapore 
South Africa 
Sweden 
Taiwan 
United Kingdom 
Venezuela 
Vietnam 


— Zero. 


924 


14,300 


Quantity Quantity 

(kilograms, (kilograms, 
contained Se) Value contained Se) 
6,960 $108,000 = 
99,800 2,060,000 131,000 
502 7,780 31,900 
-- – 1,130 
26,900 783,000 147,000 
-- 2. 4,760 
101,000 1,530,000 211,000 
8,680 99,100 13,500 
-- -- 1,000 
=- " 2,210 
263 4,070 166 
212,000 3,290,000 159,000 
160,000 3,280,000 168,000 
5,500 85,300 612 
18,500 287,000 22,800 
750 11,600 979 
72,600 1,130,000 210,000 
106,000 1,890,000 202,000 
M re 2,310 
36,100 569,000 62,600 
120 3,110 136 
ш E 2,610 
6,490 99,100 3,360 
2,370 40,400 = 
15,600 121,000 19,200 
11,800 167,000 9,480 
m is 94 
8,220 133,000 5,640 
1,950 41,000 5,960 
15,800 246,000 21,000 


1,910 


Vale _ 
$2,410,000 
312,000 
13,300 
4,140,000 
73,700 
3,270,000 
186,000 
15,600 
35,100 
2,580 
2,870,000 
3,400,000 
9.500 
354,000 
15,200 
3,950,000 
3,540,000 
35,900 
971,000 
3,240 
40,500 
51,500 
152,000 
126,000 
7,330 
87,400 
92,400 
327,000 
29,700. 
26,500,000 


denm — — — O 924 1430 1910 2970 
Total 919,000 16,000,000 1,440,000 
tota! 919,000 16,000,000 1,440,000 26,500, 


"Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 
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Class and country 
Selenium: 


Australia 

Belgium 

Canada 

China 

Germany 

Hong Kong 

India 

Italy 

Japan 

Korea, Republic of 

Mexico 

Netherlands 

Norway 

Papua New Guinea 

Peru 

Philippines 

United Kingdom 
Total 


Selenium dioxide:” 


China 
Germany 
Japan 
Total 
Grand total 
— Zero. 


TABLE 3 
U.S. IMPORTS FOR CONSUMPTION OF SELENIUM ' 


2010 


Quantity 
(kilograms, 
contained Se) 


89,200 
38,200 
96,400 
47,100 

2,000 


72,500 
21,400 
471,000 


6,290 
1,620 
1,260 
9,170 
480,000 


Value 


$7,110,000 
2,810,000 
4,580,000 
3,660,000 
148,000 
7,250 
4,550,000 
429,000 
2,500,000 
6,550 


6,660,000 
1,640,000 
34,100,000 


401,000 
159,000 
65,800 
626,000 
34,700,000 


2011 
Quantity 


(kilograms, 
contained Se) 


4,000 
105,000 
47,500 
86,000 
54,700 
5 

5,000 
118,000 
2,500 
45,700 
31,300 
64 
4,370 
67,500 
17,000 
589,000 


10,100 
976 
1,480 
12,500 
601,000 


Value 


$209,000 
14,600,000 
5,170,000 
12,200,000 
7,100,000 
7,250 
835,000 
10,300,000 
264,000 
5,330,000 
1,100,000 
8,550 
343,000 
9,680,000 
2,500,000 
69,700,000 


542,000 
141,000 
75,000 
758,000 
70,400,000 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Selenium content calculated as 71% of gross weight of material. 


Source: U.S. Census Bureau. 


SELENIUM AND TELLURIUM—2011 


65.7 


65.8 


ТАВГЕ 4 


U.S. EXPORTS OF TELLURIUM! 


2010 


Quantity 
(kilograms, 
Country contained Te) 
Australia 489 
Austria ES 
Bangladesh ME 
Belgium 6,540 
Brazil 90 
Canada 906 
China 25,800 
Costa Rica -- 
Егапсе 243 
Germany 746 
Hong Kong 1,930 
Japan 48 
Korea, Republic of 10 
Mexico 29 
Philippines 6,320 
Taiwan | -- 
United Kingdom 15,900 
Total 59,000 
-- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


Source: U.S. Census Bureau. 


TABLE 5 


Value 
$73,400 


1,340,000 
14,400 
833,000 
1,850,000 
121,000 
245,000 
289,000 
9,020 
10,600 
5,230 
185,000 
423,000 
5,400,000 


2011 


Quantity 


(kilograms, 
contained Te) 


911 
166 


38,600 


U.S. IMPORTS FOR CONSUMPTION OF TELLURIUM! 


Value 
$3,670 
11,000 

684,000 
55,300 

1,320,000 

3,610,000 
53,000 
33,700 

1,070,000 

124,000 
11,400 
21,800 

169,000 
45,200 


7,210,000 


BENE 
00 eee 
Quantity Quantity 
(kilograms, (kilograms, 

Country contained Te) Value contained Te) Sois bb 

Belgium 2,050 $440,000 рн 4 830,000 
Сапада 26,900 6,100,000 ед 45.000 
Chile " - D^ 53 3060 
China 4,050 1,150,000 10,700 "1290 
Germany 33 11,900 ` 30,800 
Hong Kong P ES us 1 19,000 
Japan 31 28,200 94 2.630,000 
Philippines 7,520 1,090,000 8,380 н 
Russia 680 156,000 373 35,100 
Ukraine 3 11,000 980 367,000 


United Kingdom 331 


49,400 


13,100,000 


Tol | 41,600 9,040,000 70,800 


-- Zero. 


1 
Data are rounded to по more than three significant digits; may not add to tot 


Source: U.S. Census Bureau. 
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TABLE 6 
SELENIUM: WORLD REFINERY PRODUCTION, BY COUNTRY”? 


(Kilograms, contained selenium) 


Belgium’ 
Canada‘ 
Chile? 
Finland? 
Germany? 
India® ° 
Japan 


Peru 

Philippines? 

Russia? 

Serbia 

Sweden? 

United States 
Total 


2007 
200,000 
144,000 

70,000 
60,000 > 
650,000 
14,000 
830,400 ' 
60,000 " 
65,000 
120,000 
7,500 ° 
20,000 
W 
2,240,000 " 


2008 
200,000 
156,000 

78,000 
64,730 > 
650,000 
14,000 
785,800 ' 
60,000 ^* 
65,000 
130,000 
16,827 ' 
20,000 
W 
2,240,000 ' 


2009 
200,000 
173,000 

90,000 
65,000 
650,000 
15,000 
739,000 ' 
61,000 " 
65,000 
140,000 
19,075 ' 
20,000 
W 
2,240,000 " 


"Estimated. "Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data; not included in total. 


‘World totals and estimated data have been rounded to no more than three significant digits; may not add to totals shown. 


2010 
200,000 
97,000 ^* 
90,000 
60,000 
650,000 
15,000 
803,600 ' 
59,000 " 
65,000 
140,000 
10,592 ' 
20,000 
W 
2,210,000 ' 


2011* 
200,000 
35,000 ? 
90,000 
60,000 
650,000 
16,000 
630,000 
59,000 Р 
65,000 
145,000 
10,600 
20,000 
W 
1,980,000 


"Insofar as possible, data relate to refinery output only; thus, countries that produced selenium contained in copper ores, copper concentrates, blister 
copper, and (or) refinery residues but did not recover refined selenium from these materials indigenously were excluded to avoid double counting. Table 


includes data available through June 7, 2012. 


?In addition to the countries listed, Australia, China, Iran, Kazakhstan, Mexico, Poland, and Uzbekistan produced refined selenium, but output is not 
reported, and available information is inadequate for formulation of reliable estimates output levels. Australia is known to produce selenium in 
intermediate metallurgical products and has facilities to produce elemental selenium. In addition to having facilities for processing imported anode 


slimes for the recovery of selenium and precious metals, the United States has facilities for processing selenium scrap. 


*Excludes selenium intermediates exported for refining. 
"Reported figure. 
$Data are for Indian fiscal year beginning April 1 of year stated. 


TELLURIUM: ESTIMATED WORLD REFINERY PRODUCTION, BY COUNTRY? 


TABLE 7 


(Kilograms, contained tellurium) 


Coun 
Canada" 
Japan 
Peru 
Russia 
United States 


2007 
14,000 ? 
41,000 5 
35,000 5 
34,000 
W 


2008 
19,000 
46,500 
28,000 > 
34,000 


W 


"Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data. -- Zero. 
Estimated data are rounded to no more than three significant digits. 
"Insofar as possible, data relate to refinery output only; thus, countries that produced tellurium contained in copper ores, copper 
concentrates, blister copper, and (or) refinery residues but did not recover refined tellurium are excluded to avoid double counting. Table 
is not totaled because of exclusion of data from major world producers. 
? Australia, Belgium, Chile, China, Colombia, Germany, Mexico, the Philippines, Poland, and some countries of the Commonwealth of 
Independent States, including Kazakhstan, are known to produce refined tellurium, but output is not reported; available information is 

inadequate for formulation of reliable estimates of output levels. 


*Excludes tellurium intermediates exported for refining. 
"Reported figure. 
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2009 
16,000 
49,200 

7,000 "> 
34,000 


W 


2010 2011 

8,000 6,000 Р 
47,000 ' 40,000 
__ БР = 
34,000 34,000 
W W 


65.9 


SILICA 


By Thomas P. Dolley 


Domestic survey data and tables were prepared by Annie Hwang, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


Four silica categories are covered in this report—industrial 
sand and gravel, quartz crystal (a form of crystalline silica), 
special silica stone products, and tripoli. Most of the stone 
covered in the special silica stone products section is novaculite. 
The section on tripoli includes other fine-grained, porous silica 
materials, such as rottenstone, that have similar properties and 
end uses. Certain silica and silicate materials, such as diatomite 
and pumice, are covered in other chapters of the U.S. Geological 
Survey (USGS) Minerals Yearbook, volume I, Metals and 
Minerals. Trade data in this report are from the U.S. Census 
Bureau. All percentages were computed using unrounded data. 


Industrial Sand and Gravel 


Total industrial sand and gravel production in the United 
States increased to 43.7 million metric tons (Mt) in 2011 from 
32.3 Mt in 2010 (table 1). Industrial sand production increased 
by 37%, and industrial gravel production declined by 40%, 
compared with that of 2010. During the year, the value of 
production was $2 billion—a dramatic increase from that of 
2010 and a record high value for industrial sand and gravel 
production. As in the past several years, the most important 
driving force in the industrial sand and gravel industry remained 
the production and sale of hydraulic fracturing sand. Estimated 
world production of industrial sand and gravel in 2011 was 
138 Mt, an 11% increase compared with 2010 production 
(table 10). 

Industrial sand and gravel, often called “silica,” “silica 
sand,” and “quartz sand,” includes sands and gravels with high 
silicon dioxide (SiO,) content. Some examples of end uses for 
these sands and gravels are in abrasives, filtration, foundry, 
glassmaking, hydraulic fracturing (frac), and silicon metal 
applications. The specifications for each use differ, but silica 
resources for most uses are abundant. In almost all cases, silica 
mining uses open pit or dredging methods with standard mining 
equipment. Except for temporarily disturbing the immediate 
area while operations are active, sand and gravel mining usually 
has limited environmental impact. 

The production increase for silica sand in 2011 was largely 
attributable to surging demand for frac sand, which resulted in 
production capacity increases and the opening of many new 
frac sand operations in the United States. Increased demand was 
noted for uses such as sand for abrasives, ceramics, filtration, 
flat glass, foundry uses, hydraulic fracturing, recreation, well 
packing and cementing, and whole grain silica. Production of 
the remaining end uses for silica sand in 2011 either remained 
static or experienced declines compared with those of the 
previous year. Demand for silica gravel decreased for all end 
uses. 

The increased demand for frac sand was the result of 
ongoing and increased exploration and production of natura] 
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gas and petroleum from various underground shale formations 
throughout the United States. The addition of new frac sand 
operations to the USGS voluntary survey of U.S. producers 
prompted a revision of 2009 and 2010 frac sand production 
totals. The 2009 frac sand total of 6.53 Mt has been revised to 
8.82 Mt and the 2010 frac sand total of 12.1 Mt has been revised 
to 13.7 Mt (table 1). 

In 2011, U.S. Silica Co. filed plans for an initial public 
offering valued at up to $200 million in order to help expand 
production of frac sand (MarketWatch, 201 1). In addition to 
major companies expanding operations for frac sand, many 
Junior companies applied for permits to mine frac sand, 
particularly in west-central Wisconsin (Elliot, 201 1d). By 
yearend 2011, Wisconsin had 31 sand processing plants, 
whereas at midyear there were only 18 plants (Financial 
Times, 2011). Additionally in 201 1, Natural Resource Partners 
purchased 2.8 square kilometers of frac sand reserves in east 
Texas for $16.5 million. Coincident with frac sand mining 
development and production, a number of logistics companies 
established infrastructure to facilitate increased transportation of 
e ds to sites of first use (Elliot, 201 la). ° 

egislation and Government Program | 
important issues affecting the шыр mene 
recent years has been the potential effect of crystalline sili 
on human health. Central to the ongoing and often heated i 
debate have been the understanding of the regulatio i 
implementation of the measurements and acti ин 

ір and actions taken to 
mitigate exposure to crystalline Silica, and appreciatio f 
the impact of such exposure on the future of many ; BR i 
(Industrial Minerals, 1998). The Occupational S f EE 
Health Administration (OSHA) created a Nase] Е 
limit that stipulated the maximum amount of cryst " кшш 
silica to which workers may be safely о - 
А bini shift (29 CFR §§1926.55 and 1910 1000). 

a Ы • a ЖИА | P 
so established guidelines and training for the proper 


handling of crystalline silica (Occ | 
u 
Administration, 2002), (Occupational Safety and Health 


т ermissi 
limit (PEL) for crystalline silica be reduced to 0 aoe osu 


survey of U.S. producers. The U 
With 159 operations known to 


SILICA 


By Thomas P. Dolley 


Domestic survey data and tables were prepared by Annie Hwang, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


Four silica categories are covered in this report—industrial 
sand and gravel, quartz crystal (a form of crystalline silica), 
special silica stone products, and tripoli. Most of the stone 
covered in the special silica stone products section is novaculite. 
The section on tripoli includes other fine-grained, porous silica 
materials, such as rottenstone, that have similar properties and 
end uses. Certain silica and silicate materials, such as diatomite 
and pumice, are covered in other chapters of the U.S. Geological 
Survey (USGS) Minerals Yearbook, volume I, Metals and 
Minerals. Trade data in this report are from the U.S. Census 
Bureau. All percentages were computed using unrounded data. 


Industrial Sand and Gravel 


Total industrial sand and gravel production in the United 
States increased to 43.7 million metric tons (Mt) in 2011 from 
32.3 Mt in 2010 (table 1). Industrial sand production increased 
by 37%, and industrial gravel production declined by 40%, 
compared with that of 2010. During the year, the value of 
production was $2 billion—a dramatic increase from that of 
2010 and a record high value for industrial sand and gravel 
production. As in the past several years, the most important 
driving force in the industrial sand and gravel industry remained 
the production and sale of hydraulic fracturing sand. Estimated 
world production of industrial sand and gravel in 2011 was 
138 Mt, an 11% increase compared with 2010 production 
(table 10). 

Industrial sand and gravel, often called “silica,” “silica 
sand,” and “quartz sand,” includes sands and gravels with high 
silicon dioxide (SiO,) content. Some examples of end uses for 
these sands and gravels are in abrasives, filtration, foundry, 
glassmaking, hydraulic fracturing (frac), and silicon metal 
applications. The specifications for each use differ, but silica 
resources for most uses are abundant. In almost all cases, silica 
mining uses open pit or dredging methods with standard mining 
equipment. Except for temporarily disturbing the immediate 
area while operations are active, sand and gravel mining usually 
has limited environmental impact. 

The production increase for silica sand in 2011 was largely 
attributable to surging demand for frac sand, which resulted in 
production capacity increases and the opening of many new 
frac sand operations in the United States. Increased demand was 
noted for uses such as sand for abrasives, ceramics, filtration, 
flat glass, foundry uses, hydraulic fracturing, recreation, well 
packing and cementing, and whole grain silica. Production of 
the remaining end uses for silica sand in 2011 either remained 
Static or experienced declines compared with those of the 
previous year. Demand for silica gravel decreased for all end 
uses. 

The increased demand for frac sand was the result of 
ongoing and increased exploration and production of natural 
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gas and petroleum from various underground shale formations 
throughout the United States. The addition of new frac sand 
operations to the USGS voluntary survey of U.S. producers 
prompted a revision of 2009 and 2010 frac sand production 
totals. The 2009 frac sand total of 6.53 Mt has been revised to 
8.82 Mt and the 2010 frac sand total of 12.1 Mt has been revised 
to 13.7 Mt (table 1). 

In 2011, U.S. Silica Co. filed plans for an initial public 
offering valued at up to $200 million in order to help expand 
production of frac sand (MarketWatch, 2011). In addition to 
major companies expanding operations for frac sand, many 
junior companies applied for permits to mine frac sand, 
particularly in west-central Wisconsin (Elliot, 2011d). By 
yearend 2011, Wisconsin had 31 sand processing plants, 
whereas at midyear there were only 18 plants (Financial 
Times, 2011). Additionally in 2011, Natural Resource Partners 
purchased 2.8 square kilometers of frac sand reserves in east 
Texas for $16.5 million. Coincident with frac sand mining 
development and production, a number of logistics companies 
established infrastructure to facilitate increased transportation of 
frac sand to sites of first use (Elliot, 201 1a). 

Legislation and Government Programs.—One of the most 
important issues affecting the industrial minerals industry in 
recent years has been the potential effect of crystalline silica 
on human health. Central to the ongoing and often heated 
debate have been the understanding of the regulations, the 
implementation of the measurements and actions taken to 
mitigate exposure to crystalline silica, and appreciation of 
the impact of such exposure on the future of many industries 
(Industrial Minerals, 1998). The Occupational Safety and 
Health Administration (OSHA) created a permissible exposure 
limit that stipulated the maximum amount of crystalline 
silica to which workers may be safely exposed during an 
8-hour work shift (29 CFR §§1926.55 and 1910.1000). 

OSHA also established guidelines and training for the proper 
handling of crystalline silica (Occupational Safety and Health 
Administration, 2002). 

In 2011, OSHA recommended that the permissible exposure 
limit (PEL) for crystalline silica be reduced to 0.05 milligrams 
per cubic meter (mg/m?) PEL from the existing PEL of 0.1 
mo/m*. A decision on the recommendation was expected in 
2012 (Elliot, 2011b). During the year, the State of Texas enacted 
a hydraulic fracturing disclosure law that requires oil and gas 
producers to disclose the composition of fluids used in hydraulic 
fracturing. Frac sand is a widely used proppant and one of the 
main components of hydraulic fracturing fluid (Elliot, 2011c). 

Production.—Domestic production data for industrial sand 
and gravel were developed by the USGS from a voluntary 
survey of U.S. producers. The USGS canvassed 87 producers 
with 159 operations known to produce industrial sand and 


gravel. Of the 159 surveyed operations, 154 (97%) were 
active, and 4 were idle. The USGS received responses from 
79 operations, and their combined production represented 
84% of the U.S. total. Production for the 80 nonrespondents 
was estimated, primarily on the basis of previously reported 
information, supplemented with worker-hour reports from 
the Mine Safety and Health Administration (MSHA) and 
information from State agencies. 

The Midwest (East North Central and West North Central 
divisions) led the Nation with 51% of the 43.7 Mt of industrial 
sand and gravel produced in the United States, followed by 
the South (South Atlantic, East South Central, and West South 
Central divisions) with 39%, the West (Pacific and Mountain 
divisions) with 6%, and the Northeast (New England and 
Middle Atlantic) with 4% (table 2). 

The leading producing States were, in descending order, 
Texas, Illinois, Wisconsin, Missouri, Michigan, Oklahoma, 
North Carolina, and California (table 3). Their combined 
production represented 61% of the national total. States for 
which data were withheld in table 3 were not included among 
the leading producers. 

Of the total industrial sand and gravel produced, 8976 was 
produced by 72 operations, each with production of 200,000 
metric tons per year (t/yr) or more (table 4). The 10 leading 
producers of industrial sand and gravel were, in descending 
order, Unimin Corp.; U.S. Silica Co.; Fairmount Minerals Ltd.; 
Frac Tech Services International, LLC; Premier Silica, LLC; 
Badger Mining Corp.; Pattison Sand Co., LLC; Preferred Rocks 
of Genoa, LLC; Sand Products Corp.; and Cadre Material 
Products, LLC. Their combined production represented 7276 of 


the U.S. total. 
Industrial sand and gravel production 


Consumption. | 
reported by producers to the USGS was material used by the 


producing companies or sold to their customers. Stockpiled 
material is not reported until consumed or sold. Of the 43.7 Mt 
of industrial sand and gravel sold or used, 57% was consumed 
as frac sand and sand for well packing and cementing, and 17% 
as glassmaking sand (table 6). Foundry uses consumed 11% of 
industrial sand and gravel consumption. Other leading uses were 
whole grain fillers and building products (4%) and other whole 


grain silica (2%). 
Minable deposit 
throughout the Unite 


s of industrial sand and gravel occur 
d States, and mining companies are located 
near markets that have traditionally been in the Eastern United 
States. In some cases, consuming industries are specifically 
located near a silica resource. The automotive industry was — 
originally located in the Midwest near clay, coal, iron, and silica 
es. Therefore, foundry sands have been widely produced 
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Producers of industrial sand and gravel were asked to 


provide statistics on the destination of silica produced at their ud 
operations. The producers were asked to list only the quantity 165 
of shipments (no value data were collected in this section of ton 
the questionnaire) and the State or other location to which the for 
material was shipped for consumption. All States received fro 
industrial sand and gravel. The States that received the most tor 
industrial sand and gravel were, in descending order, Texas, to 
California, Illinois, Colorado, Pennsylvania, Oklahoma, North p 
Carolina, Arkansas, Indiana, and New Jersey. Producers p 
reported sending 337,000 t of silica to Mexico (table 7). Because i 
some producers did not provide this information, their data wet 5 
estimated ог assigned to the “Destination unknown” category. In 


was assigned to that category. 

The total share of silica sold for glassmaking decreased 
compared with that of 2010 although, sales of sand for flat glass 
production increased by 4% compared with those in 2010. In 
2011, sales to container glass manufacturers declined by 6% 
compared with those in 2010. On average, in the container 
glassmaking industry, silica accounts for 60% of raw materials 
used (Industrial Minerals, 2004). The amount of unground 
silica sand consumed for fiberglass production decreased by 
39% compared with that of 2010, and sales for specialty glass 
declined by 6%. 

The increased demand for frac sand was the result of 
ongoing and increased exploration and production of natural 
gas and petroleum from various underground shale formations 
throughout the United States. In 2011, sales of frac sand 
increased by 77% compared with those of 2010. 

The demand for foundry sand is dependent mainly on 
automobile and light truck production. Production and sales of 
automobiles and light trucks increased in 2011. In 2011, sales of 
foundry sand increased by 50% compared with those of 2010. 

Whole grain silica is regularly used in filler-type and building 
applications. In 2011, consumption of whole-grain fillers for 
building products was 1.87 Mt, a 3% increase compared with 
that in 2010. 

In 2011, silica sales for chemical produc 
decrease of about 12% compared with thos 
sales of silica gravel for silicon and ferrosil 
filtration, and other uses decreased by 40% in 2011 compared 
with those in 2010. The main uses for silicon metal are in the 
manufacture of silanes and semiconductor-grade silicon and 2 
the production of aluminum alloys. 

Transportation.—The increase in frac sand production and 
sales had a profound effect on the transportation of industrial 
sand and gravel to sites of first use. Of all industrial sand and 
gravel produced, 65% was transported by truck from the plant to 
the site of first sale or use, up 25% from that of 2010; 29% я 
transported by rail, up from that of 2010; and 6% by unspec! e 
modes of transport. 

Prices. —The average value, free on board plant, of 05. 
industrial sand and gravel increased to $45.71 per metric ton 
in 2011, a 32% increase compared with the average value 
of $34.58 per metric ton in 2010 (table 6). Average values 
increased for some end uses and decreased for others, but | 
substantial increases for the leading end uses resulted in 0% | 
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increased unit values. The average unit values for industrial sand 
and industrial gravel were $45.74 per ton and $41.37 per ton, 
respectively. The average price for sand ranged from $11.00 per 
ton for metallurgical flux for metal smelting to $74.24 per ton 
for sand for municipal water filtration. For gravel, prices ranged 
from $26.20 per ton for silicon and ferrosilicon to $54.57 per 
ton for filtration. In any given year, producer prices reported 

to the USGS for silica commonly ranged from several dollars 
per ton to hundreds of dollars per ton. Prices for certain highly 
processed quartz products for specialized end uses, not covered 
in this chapter, can reach the $50,000-per-ton level. Nationally, 
sand for municipal water filtration had the highest value ($74.24 
per ton), followed by ground sand for ceramics ($57.70 per ton), 
frac sand ($54.83 per ton), ground sand for foundry molding and 
core ($50.33 per ton), silica for swimming pool filters ($48.90 
per ton), ground sand used as filler for paint, putty, rubber 
($44.78 per ton), and ground sand for fiberglass ($43.33 per 
ton). 

By geographic region, the average value of industrial sand and 
gravel was highest in the Midwest ($50.49 per ton), followed 
by the South ($42.20 per ton), the Northeast ($40.99 per ton), 
and the West ($32.30 per ton) (table 6). Prices can vary greatly 
for similar grades of silica at different locations in the United 
States, owing to tighter supplies and higher production costs in 
certain regions of the country. For example, the average value of 
container glass sand varied from $19.82 per ton in the Midwest 
to $37.52 per ton in the Northeast. 

Foreign Trade.—Exports of industrial sand and gravel 
in 2011 increased by about 10% compared with the amount 
exported in 2010, and the associated value increased by 15% 
(table 8). The increase in exports can be attributed mainly to 
increased demand from markets in China, Japan, and Mexico. 
Canada was the leading recipient of U.S. exports, receiving 
39% of total industrial sand and gravel exports; Japan, 31%, 
and Mexico, 16%. The remainder went to many other countries. 
The average unit value of exports increased to $85.69 per ton in 
2011 from $81.82 per ton in 2010. In 2011, export unit values 
varied widely by region; exports of silica to Africa and the 
Middle East averaged about $1,500 per ton, and exports to the 
rest of the world averaged $85.37 per ton. 

Imports for consumption of industrial sand and gravel 
increased to 316,000 t, which were an increase of 139% 
compared with those of 2010 (table 9). Mexico supplied about 
63% of the silica imports, and imports from Mexico averaged 
$385 per ton; this included cost, insurance, and freight costs 
to the U.S. port of entry. The total value of imports was $87.9 
million, with an average unit value of $278 per ton. Higher 
priced imports came from Australia, Chile, China, Germany, the 
Netherlands, and Japan. 

World Review.—Based on information provided mainly 
by foreign governments, world production of industrial sand 
and gravel was estimated to be 138 Mt (table 10). The United 
States was the leading producer followed, in descending order, 
by Italy, Germany, Australia, France, Spain, Turkey, and the 
United Kingdom. Most countries had some production and 
consumption of industrial sand and gravel, which are essential 
to the glass and foundry industries. Because of the great 
variation in reporting standards, however, obtaining reliable 
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information was difficult. In addition to the countries listed, 
many other countries were thought to have had some type of 
silica production and consumption. 

Outlook.—U.S. consumption of industrial sand and gravel 
in 2012 was expected to be 45 to 50 Mt. All forecasts are based 
on previous performances within various end uses, contingency 
factors considered relevant to the future of the commodity, and 
forecasts made by analysts and producers in the various markets. 

Increased demand has been noted in some segments, such 
as sand for abrasives, ceramics, filtration, flat glass, foundry 
uses, hydraulic fracturing, recreational sand, well packing and 
cementing, and whole grain silica. Industrial sand and gravel 
sales may be constrained by diminished demand owing to the 
ongoing economic sluggishness and by the rising energy costs 
for production and transportation of products. 

The demand for foundry sand is dependent mainly on 
automobile and light truck production. Production and sales of 
automobiles and light trucks increased in 2011 and the trend 
continued into 2012. Another important factor for the future 
consumption of virgin foundry sand is the recycling of used 
foundry sand. The level of recycling is thought to be increasing. 
Other materials or minerals compete with silica as foundry 
sand, but these other “sands” usually suffer from a severe 
price disadvantage. Based on these factors, production of silica 
foundry sand in 2012 was expected to be 4 Mt. 

Frac sand sales increased in 2011 compared with those in 
2010. On average, crude oil and natural gas prices fluctuated 
in 2011 with an overall trend toward higher prices into 
2012. Based on this trend, coupled with increased natural 
gas exploration and production, primarily in the Eastern and 
Midwestern United States, demand for frac sand was expected 
to increase during 2012 to 30 Mt. 

The United States is the leading producer and a major 
consumer of silica sand and is self-sufficient in this mined 
mineral commodity. Most silica sand is produced at deposits 
in the Midwest and near major markets in the Eastern United 
States. A significant amount of silica sand also is produced 
in the West and Southwest, mostly in California and Texas, 
respectively. Domestic production is expected to continue to 
meet 97% to 98% of U.S. demand well beyond 2012. Barring 
further declines in the overall U.S. economy, imports of silica 
sand from Canada and Mexico, and higher valued material from 
China are expected to slowly increase. 

Because the unit price of silica sand is relatively low, except 
for a few end uses that require a high degree of processing, the 
location of a silica sand deposit in relation to market location 
is an important factor in determining the economic feasibility 
of developing a deposit. Consequently, a significant number of 
relatively small operations supply local markets with a limited 
number of products. 

Several factors could affect supply and demand relationships 
for silica sand. Further increases in the development of 
substitute materials for glass and cast metals could reduce 
demand for foundry and glass sand. These substitutes, which 
are mainly ceramics and polymers, would likely increase the 
demand for ground silica, which is used as a filler in plastics; 
glass fibers, which are used in reinforced plastics; and silica 
(chemical, ground, or whole-grain), which is used as raw 
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materials for ceramics. Increased efforts to reduce waste and to 
increase recycling also would be likely to lower the demand for 
mined glass sand. Recycling of glass cullet has been increasing 
in most industrialized nations, and recycling has accounted 
for anywhere from 25% to 70% of the raw material needed 
for the glass container industry in many countries. It has been 
estimated that for every 10% of recycled glass cullet used in 
the melting process for glass container manufacture, energy use 
will decrease by approximately 2.5%. Glass container weight 
has been reduced by 25% to 40% in many nations, including the 
United States, decreasing the amount of industrial sand required 
for each container (Industrial Minerals, 2004). 

Health concerns about the use of silica as an abrasive 
and stricter legislative and regulatory measures concerning 
crystalline silica exposure could reduce the demand in many 
silica markets. The use of silica sand in the abrasive blast 
industry was being evaluated as a health hazard, and marketers 
of competing materials, which include garnet, olivine, and slags, 
encouraged the use of their “safer” abrasive media. In hydraulic 
fracturing, other materials (such as bauxite-based proppants, 
ceramic proppants, and resin-coated sand) compete with 
silica sand, although they are more expensive and not used as 
extensively as silica sand. Bauxite-based and ceramic proppants 
exhibit improved performance in deeper, higher pressure 
formations than silica sand (Industrial Minerals, 2009). 


Quartz Crystal 


Blectronic-grade quartz crystal, also known as cultured 
quartz crystal, is single-crystal silica with properties that make 
it uniquely suited for accurate filters, frequency controls, 
and timers used in electronic circuits. These devices are 
used for a variety of electronic applications in aerospace 
hardware, commercial and military navigational instruments, 
communications equipment, computers, and consumer 
goods (for example, clocks, games, television receivers, 
and toys). Such uses generate practically all the demand 
for electronic-grade quartz crystal. A smaller amount of | 
optical-grade quartz crystal is used for lenses and windows Ш 
specialized devices, which include some lasers. — 

Natural quartz crystal was used in most electronic and 
optical applications until 1971, when it was surpassed by 
cultured quartz crystal. Cultured quartz is not a mined mineral 
commodity. Rather, it is synthetically produced from natural 
feedstock quartz, termed lascas, which 15 mined. Mining of | 
lascas in the United States ceased in 1997 owing to competition 
from less expensive imported lascas, predominantly from mines 
in Brazil and Madagascar — | | 

It has been estimated that in any given year, approximately 
10 billion quartz crystals and oscillators are manufactured and 
installed worldwide in их Бле of electronic devices, from 

i lular telephones. 
d шш for carvings and other 
Ex applications has continued; more information can 
Я d in the «Gemstones" chapter of the USGS Minerals 
mni volume I, Metals and Minerals. a 
lation and Government Programs.—The strategic value 
pude crystal was demonstrated during World War II when 
сж widespread use as an essential component of military 
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communication systems. After the war, natural electronic-grade 
quartz crystal was officially designated as a strategic and critical 
material for stockpiling by the Federal Government. Cultured 
quartz crystal, which eventually supplanted natural crystal in 
nearly all applications, was not commercially available when 
acquisition of natural quartz crystal for a national stockpile 
began. | 

As of December 31, 2011, the National Defense Stockpile | 
(NDS) contained 7,134 kilograms (kg) of natural quartz crystal. 

The stockpile has 11 weight classes for natural quartz crystal 
that range from 0.2 kg to more than 10 kg. The stockpiled 
crystals, however, are primarily in the larger weight classes. 
The larger pieces are suitable as seed crystals, which are very 
thin crystals cut to exact dimensions, to produce cultured quart 
crystal. In addition, many of the stockpiled crystals could be 
of interest to the specimen and gemstone industry. Little, if 
any, of the stockpiled material is likely to be used in the same 
applications as cultured quartz crystal. 

No natural quartz crystal was sold from the NDS in 2011, and 
the Federal Government did not intend to dispose of or sell any 
of the remaining material. Previously, only individual crystals 
in the NDS inventory that weighed 10 kg or more and could be 
used as seed material were sold. Brazil traditionally has been 
the source of such large natural crystals, but changes in mining 
operations have reduced output. 

Quartz crystal is also affected by the regulation of crystalline 
silica as discussed in the “Legislation and Government 
Programs” portion of the “Industrial Sand and Gravel” 
of this chapter. 

Production.—The USGS collects production data for quartz 
crystal through a survey of the domestic industry. In 2011, по 
domestic companies reported the production of cultured quartz 
crystal. During the past several years, cultured quart crystal 
was produced predominantly overseas, primarily in Asia. 

Consumption.—In 2011, the USGS collected domestic 
consumption data for quartz crystal through a survey of 
23 U.S. operations that fabricate quartz crystal devices in 
9 States. Of the 23 operations, 10 responded to the survey. 
Total U.S. consumption of quartz crystal in 2011, including 
nonrespondents, was estimated at 1,300 kilograms. | 

Prices.—The price of as-grown cultured quartz was estimated 
to be $170 per kilogram in 2011. Lumbered quartz, which 15 
as-grown cultured quartz that has been processed by sawing 
and grinding, was estimated to be $400 per kilogram in 2011, " 
however prices ranged from $20 per kilogram to more than $9 
per kilogram, depending on the application. | 

Foreign Trade.—The U.S. Census Bureau, which 15 the у 
major Government source of U.S. trade data, does not prov! e 
specific import or export statistics on lascas. The U.S. Census 
Bureau collects export and import statistics on electronic an : 
optical-grade quartz crystal; however, the quartz crystal бро 
and import quantities and values reported in previous ms 
included zirconia, which was inadvertently reported as quà 
crystal, not including mounted piezoelectric crystals. 

World Review.—Cultured quartz crystal production we 
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and the United Kingdom. Details concerning quartz operations 
in China, the Eastern European countries, and most nations of 
the Commonwealth of Independent States were unavailable. 
Operations in Russia, however, have significant capacity to 
produce synthetic quartz. 

Outlook.—Continuing growth of the consumer electronics 
market (for example, automobiles, cellular telephones, 
electronic games, and personal computers), in the United 
States, will likely continue to provide consumer outlets 
for domestically produced quartz crystal devices. The 
increasing global electronics market may require additional 
production capacity worldwide. Quartz technology could face 
competition in the near future with the advent of more cost 
effective microelectromechanical systems (MEMS). MEMS 
technology was first developed in 1965 and consisted of 
silicon on insulated wafers. MEMS technology is physically 
compatible with existing quartz oscillator products and has 
better long-term stability performance characteristics for use in 
automotive, consumer, and computational products, and wireless 
applications (Partridge, 2006). 


Special Silica Stone Products 


Silica stone (another type of crystalline silica) products are 
materials for abrasive tools, such as deburring media, grinding 
pebbles, grindstones, hones, oilstones, stone files, tube-mill 
liners, and whetstones. These products are manufactured from 
novaculite, quartzite, and other microcrystalline quartz rock. 
This chapter, however, excludes products that are fabricated 
from such materials by artificial bonding of the abrasive grains 
(information on other manufactured and natural abrasives may 
be found in other USGS Minerals Yearbook, volume I, Metals 
and Minerals chapters). 

Special silica stone is also affected by the regulation 
of crystalline silica as discussed in the “Legislation and 
Government Programs” part of the “Industrial Sand and Gravel” 
section of this chapter. 

Production.—None of the three domestic firms known to 
produce special silica stone responded to a USGS production 
survey in 2011. In recent years, Arkansas accounted for most of 
the value and quantity of production that was reported. Plants 
in Arkansas manufactured files, deburring-tumbling media, 
oilstones, and whetstones. 

The industry produced and marketed four main grades of 
Arkansas whetstone in recent years. The grades range from 
the high-quality black hard Arkansas stone down to Washita 
stone. In general, the black hard Arkansas stone has a porosity 
of 0.07% and a waxy luster, and Washita stone has a porosity of 

16% and resembles unglazed porcelain. 

Consumption.—The domestic consumption of special silica 
stone products comprises a combination of craft, household, 
industrial, and leisure uses. The leading household use is for 
sharpening knives and other cutlery, lawn and garden tools, 
scissors, and shears. Major industrial uses include deburring 
metal and plastic castings, polishing metal surfaces, and 
sharpening and honing cutting surfaces. The major recreational 
use is in sharpening arrowheads, fishhooks, spear points, and 
sports knives. The leading craft application is sharpening tools 
for engraving, jewelry making, and woodcarving. Silica stone 
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files also are used in the manufacture, modification, and repair 
of firearms. 

Prices.—In 2011, the average value of crude material suitable 
for cutting into finished products was estimated to be $3,700 per 
ton. 

Foreign Trade.—1n 2011, silica stone product exports had a 
value of $11.05 million, down slightly from that in 2010. These 
exports were categorized as “hand sharpening or polishing 
stones" by the U.S. Census Bureau. This category accounted for 
most of or all the silica stone products exported in 2011. 

In 2011, the value of imported silica stone products was $11.3 
million, up by 27% from that in 2010. These imports were hand 
sharpening or polishing stones, which accounted for most of or 
all the imported silica stone products in 2011. A portion of the 
finished products that were imported may have been made from 
crude novaculite produced in the United States and exported for 
processing. 

Outlook.—Consumption patterns for special silica stone were 
not expected to change significantly during the next several 
years. Most of the existing markets are well defined, and the 
probability of new uses being created is low. 

Tripoli 

Tripoli, broadly defined, includes extremely fine grained 
crystalline silica in various stages of aggregation. Grain sizes 
usually range from 1 to 10 micrometers (um), but particles as 
small as 0.1 to 0.2 рт are common. Commercial tripoli contains 
98% to 99% silica and minor amounts of alumina (as clay) and 
iron oxide. Tripoli may be white or some shade of brown, red, or 
yellow depending on the percentage of iron oxide. 

Tripoli also is affected by the regulation of crystalline silica as 
discussed in the “Legislation and Government Programs" part of 
the "Industrial Sand and Gravel" section of this chapter. 

Production.—In 2011, three U.S. firms were known to 
produce and process tripoli. American Tripoli, Inc. closed 
their operation in Ottawa County, OK, in 2010, but operated 
a mine and produced finished material in Newton County, 

MO. Malvern Minerals Co. in Garland County, AR, produced 
crude and finished material from novaculite. Unimin Specialty 
Minerals Inc. in Alexander County, IL, produced crude and 
finished material. Of the three U.S. firms, two responded to the 
USGS survey. Production for the nonrespondent was estimated 
based on reports from previous years and supplemented with 
worker-hour reports from MSHA. 

Consumption.—It was estimated that sales of processed 
tripoli decreased by 3396 in quantity to 73,700 t with a value of 
$16.5 million (table 1). 

Tripoli has unique applications as an abrasive because of its 
hardness and its grain structure, which lacks distinct edges and 

corners. It is a mild abrasive, which makes it suitable for use 
in toothpaste and tooth-polishing compounds, industrial soaps, 
and metal- and jewelry-polishing compounds. The automobile 
industry uses it in buffing and polishing compounds for lacquer 
finishing. 

The end-use pattern for tripoli has changed significantly in the 
past 41 years. In 1970, nearly 7096 of the processed tripoli was 
used as an abrasive. In 2011, 8% of tripoli output was used as 
an abrasive. Tripoli was mostly used as a filler and extender in 
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enamel, caulking compounds, linings, paint, plastic, rubber, and 
other products. In 2011, the primary use of tripoli (89%) was 

as a filler and extender. The remaining 3% was in brake friction 
products and refractories. 

Price.—The average unit value of all tripoli sold or used in 
the United States was estimated to be $224 per ton in 2011. The 
average unit value of abrasive-grade tripoli sold or used in the 
United States during 2011 was estimated to be $204 per ton, 
and the average unit value of filler-grade tripoli sold or used 
domestically was estimated to be $241 per ton. 

Outlook.—Consumption patterns for tripoli were not expected 
to change significantly during the next several years. Most of 
the existing markets are well defined, and the probability of new 


uses being created is low. 
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TABLE 1 
SALIENT U.S. SILICA STATISTICS! 


(Thousand metric tons and thousand dollars unless otherwise specified) 


Industrial sand and gravel: 
Sold or used: 
Quantity: 
Sand 
Gravel 
Total 
Value: 
Sand 
Gravel 
Total 


Exports: 
Quantity 


Value 


Imports for consumption: 
Quantity 
Value 
Processed tripoli:? 
Quantity metric tons 
Value 
Special silica stone: 


Crude production: 


Quantity metric tons 
Value 

Sold or used: 
Quantity metric tons 
Value 


2007 


29,000 
1,010 
30,100 


810,000 
21,300 
832,000 


3,020 
242,000 


511 
24,000 


96,400 
17,400 
231 


1,020 


508 
823 


2008 


29,300 
1,110 
30,400 


909,000 
28,000 
937,000 


3,100 
260,000 


355 
23,500 


132,000 
17,100 


== == 


2009 


26,900 ' 
565 
27,500 ' 


921,000 ' 
21,000 
942,000 ' 


2,150 
175,000 


95 
8,080 


79,700 
16,400 


== == 


2010 


31,700 ' 
582 
32,300 ' 


1,130,000 ' 
14,900 
1,150,000 ' 


3,950 
323,000 


132 " 
19,300 * 


110,000 
20,000 


== == 


2011 


43,400 
348 
43,700 


1,980,000 
14,400 
2,000,000 


4,330 
371,000 


316 
87,900 


73,700 
16,500 


== == 


‘Revised. W Withheld to avoid disclosing company proprietary data. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
Excludes Puerto Rico. 

*Includes amorphous silica and Pennsylvania rottenstone. 


TABLE 2 
INDUSTRIAL SAND AND GRAVEL SOLD OR USED IN THE UNITED STATES, BY GEOGRAPHIC DIVISION! 
2010 2011 
Quantity Quantity 
(thousand Percentage Value Percentage (thousand Percentage Value Percentage 
Northeast: 
New England 127 (3) $6,380 1 123 (3) $6,110 (3) 
Middle Atlantic 1,440 5 47,000 5 1,540 4 62,100 3 
Midwest: 
East North Central 11,000 : 33 399,000 " 33 14,700 34 714,000 36 
West North Central 4,870 * 15 178,000 ' 16 7,480 17 405,000 20 
South: 
South Atlantic 3,480 12 93,400 9 3,460 8 101,000 
East South Central 1,290 4 40,900 4 1,400 3 27,000 1 
West South Central 7,900 ' 23 321,000 ' 26 ' 12,200 28 592,000 30 
West: 
Mountain 500 2 14,000 1 1,180 3 39,300 2 
Pacific 1,680 6 49,900 5 1,670 4 52,900 
Total 32,300 ' 100 1,150,000 ' 100 43,700 100 2,000,000 100 
‘Revised. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 

Sales region equivalent to U.S. Census Bureau Geographic Division as follows: New England (CT, MA, ME, NH RI, VT); Middle Atlantic (NJ, NY, PA); 
East North Central (IL, IN, MI, OH, WD; West North Central (IA, KS, MN, МО, NE, ND, SD); South Atlantic (DC, DE, FL, GA, MD, NC, SC, VA, WV); 
East South Central (AL, KY, MS, TN); West South Central (AR, LA, OK, TX); Mountain (AZ, CO, ID, MT, NM, NV, UT, WY); Pacific (AK, CA, HI, 
OR, WA). 

*Less than % unit. 
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TABLE 3 


INDUSTRIAL SAND AND GRAVEL SOLD OR USED IN 


THE UNITED STATES, BY STATE! 


(Thousand metric tons and thousand dollars) 


2010 2011 

State Quantity Value Quantity Value _ 
Alabama 386 10,400 352 10,500 
Arizona W W W W 
Arkansas W W W W 
California 1,320 39,400 1,300 40,800 
Colorado W W W W 
Florida 173 3,980 180 4,370 
Georgia 670 17,800 655 19,600 
Idaho W W W W 
Illinois 5,080 ' 183,000 "€ 6,160 311,000 
Indiana W W W W 
lowa W W W W 
Kansas W W W W 
Louisiana 629 25,600 550 23,700 
Maryland -- -- — 2x 
Michigan 1,350 ' 31,700 ' 1,830 67,500 
Minnesota 1,940 100,000 W W 
Mississippi -- -- -- S 
Missouri 782 ' 28,700 ' 1,970 101,000 
Nebraska W W W W 
Nevada W W W W 
New Jersey 918 33,600 974 34,400 
New Mexico -- — -- S 
New York W W W W 
North Carolina 1,400 30,900 1,330 35,300 
North Dakota W W W W 
Ohio 821 27,800 1,100 54,000 
Oklahoma 2,060 ' 64,800 : 1,780 69,600 
Pennsylvania 524 13,400 W W 
Rhode Island W W W W 
South Carolina 530 14,700 45] 16,700 
Tennessee 907 30,500 1,050 16,500 
Texas 4,480 " 202,000 : 7,000 337,000 
Virginia W W W W 
Washington W W W W 
West Virginia - 277 17,300 W W 
Wisconsin 3,660 ' 156,000 ' 5,510 280,000 
Other 11,400 359,000 19,700 948,000 
Total 32,300 ' 1,150,000 * 43,700 2,000,000 


"Revised. W Withheld to avoid disc 
in “Other.” -- Zero. 


'Data are rounded to no more than t 
to totals shown. 


losing company proprietary data; included 


hree significant digits; may not add 
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INDUSTRIAL SAND AND GRAVEL PRODUCTION IN THE UNITED 
STATES IN 2011, BY SIZE OF OPERATION! 


Quantity 
Number of Percentage (thousand Percentage 
Size range operations of total metric tons) of total 

Less than 25,000 22 14 220 (2) 
25,000 to 49,999 18 13 576 2 
50,000 to 99,999 18 12 1,040 3 
100,000 to 199,999 20 13 2,380 5 
200,000 to 299,999 19 12 4,240 9 
300,000 to 399,999 9 7 2,910 6 
400,000 to 499,999 2 1 876 2 
500,000 to 599,999 9 6 4,470 11 
600,000 to 699,999 8 5 4,620 10 
700,000 and more 25 16 22,400 51 
Total 150 100 43,700 100 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
?Less than ¥ unit. 


TABLE 5 
NUMBER OF INDUSTRIAL SAND AND GRAVEL OPERATIONS AND PROCESSING PLANTS 
IN THE UNITED STATES IN 2011, BY GEOGRAPHIC DIVISION 


Mining operations on land Total 
Stationary Dredging active 
Geographic region Stationary Portable and portable operations operations 
Northeast: 
New England | -- -- -- 1 
Middle Atlantic 5 -- 1 2 8 
Midwest: 
East North Central 40 -- -- 2 42 
West North Central 11 -- 1 3 15 
South: 
South Atlantic 17 1 — 3 21 
East South Central 7 -- -- 2 9 
West South Central 32 -- | 4 37 
West: 
Mountain 5 -- -- — 5 
Pacific 11 -- -- -- 11 
Тога! 129 1 3 16 — 150 
— Zero. 
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Additional information about solar salt production can be found 
in the salt chapter of the 2006 Minerals Yearbook. 

Because evaporation rates must exceed the precipitation 
rates, the climatic conditions and geographic locations of solar 
evaporation facilities are critical to the successful production 
and harvesting of solar salt. Therefore, rated capacities in table 2 
generally are based on the historical evaporation patterns within 
a region and vary depending on the location and the surface 
acres of the evaporation ponds. Only unpredictable seasonal 
precipitation and market conditions usually affect the production 
rates of the facilities. 

Solution Mining.—U.S. salt brine production in 2011 was 
19.2 Mt, which was about 4% more than the 2010 total of 
18.5 Mt. The brine production capacities for table 2 are difficult 
to derive because they are based on the variabilities of the 
injection rate of the solvent and the solubility rates of the 
underground salt bodies, both of which determine the quantity 
of brine produced. In turn, these production levels are usually 
dependent on the demand for the products that the brine is being 
used to manufacture. Brine capacity is assumed to be equal 
to the amount of annual brine production. In order to avoid 
revealing company proprietary data, individual company brine 
capacities are not included in table 2. 

Solution mining is used to obtain a sodium chloride feedstock 
for vacuum pan salt production and for chlorine, caustic 
soda, and synthetic soda ash (excluding the United States) 
manufacture. The quantity of underground salt dissolved and 
recovered as brine to make vacuum pan salt usually is not 
reported as primary salt production; only the quantity of vacuum 
factured is reported. The quantity of brine used 
kali chemicals is reported as either the amount 
rine sold. The chemical industry 
is the leading consumer of salt brine worldwide. Additional 
information about salt brine production can be found in the salt 


chapter of the 2006 Minerals Yearbook. 


Mechanical Evaporation.—Vacuum pan salt is not mined 


but is a type of salt produced using mechanical evaporation 
technology. Vacuum pan salt production was 4.08 Mt in 2011, 
which was a slight decrease compared with the 2010 total of 
4.10 Mt. The mechanical evaporation of salt by the vacuum 

| on the number and size of the vacuum 


an process 15 dependent | size 
P etallizer operating in series. Rated capacities 11 table 2 
are usually easier to establish because of the proven design 


rformance of the equipment. | 
cnet rock salt, solar salt, and salt brine may be used to | 

ake vacuum pan salt, virtually all domestic vacuum pan salt is 
Е ion mining of underground salt formations. 


btained from soluti | | 
E pan salt is obtained by dehydrating brine using heat 


n combination with a vacuum. The grainer or open 
pie uses open, rectangular pans with steam-heated 
immersion coils to evaporate the water in the brine. The final 
product is usually flake shaped rather than the typical cubic 
form. Flake salt is preferred for the production of baked goods, 
butter, and cheese. The Alberger process 1s a modified grainer 
operation that produces cubic salt with some flake salt. 


pan salt manu 
to make chloral 
of captive brine used or b 
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Consumption 


In 2011, apparent consumption (salt sold or used plus imports 
minus exports) was 58.5 Mt, whereas reported consumption 
(sales or use as reported by the salt companies, including their 
imports and exports) was 47.6 Mt. Although these two measures 
of consumption are not necessarily expected to be identical, they 
normally are similar. Apparent consumption normally is greater 
than reported consumption because apparent consumption 
includes additional quantities of salt imported and exported 
by nonsalt-producing companies, such as some chloralkali 
operations and salt distributors. Reported consumption 
statistics are those reported only by the domestic salt producing 
companies. 

The direct and indirect uses of salt number about 14,000, 
according to industry sources. The USGS annually surveys 
eight major categories comprising 29 end uses. The 2011 
reported percentage distribution of salt by major end use was ice 
control, 41%; chemicals, 39%; distributors (grocery and other 
wholesalers and retailers, and so forth), 8%; food processing, 
4%; agricultural, 3%; general industrial and other uses 
combined with exports, 2% each; and primary water treatment, 
1% (table 6). Distributors represented a substantial share of 
salt sales by the salt industry; all this salt is ultimately resold 
to many different end users. For a more complete analysis of 
end-use markets, specific sectors of distribution in table 6 can 
be combined, such as agricultural and water treatment with 
agricultural and water conditioning distribution, respectively. 

Aside from the different types of salt, there are various 
distinctions in the packaging and applications of salt. Salt for 
human consumption is packaged in different sized containers 
for several specialized purposes. Table salt may contain 0.01% 
potassium iodide as an additive, which provides a source of 
iodine that is essential to the oxidation processes in the body. 
Kosher salt, sea salt, condiment salt, and salt tablets are special 
varieties of salt. 

Chemical Industry.—Since 1941 when the U.S. Bureau 
of Mines began collecting end-use data for salt, the leading 
consumer of salt, primarily as salt brine, had been the chemical 
industry except for 2011 when salt for road deicing led. Salt 
brine is extracted from natural underground saline sources 
or solution-mined halite deposits (salt beds or salt domes), 
or produced through the dissolution of solar salt, Within this 
industry, the chloralkali sector remains the major consumer 0 
salt for manufacturing chlorine, coproduct sodium hydroxide 
(caustic soda), and synthetic soda ash. Since 1986, when the last 
domestic synthetic soda ash plant was closed because of Sn 
production costs and competition with less expensive natur? 
soda ash, no synthetic soda ash has been manufactured in the 
United States; many countries, however, still produce synthetic 

„Да Б i feedstock. Total 
soda ash and use vast quantities of salt brine as Ц 
salt sold or used by ће chemical industry was 18.5 Mn ^ 
of which 17.5 Mt was for chloralkali manufacture 


and 1.03 Mt 
was for other chemical uses (table 6). 
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Salt is used as the primary raw material in chlorine 
manufacture because it is an inexpensive and widely available 
source of chlorine ions. For sodium hydroxide production, 
salt is the main source of sodium ions. Chlorine and caustic 
soda are considered to be the first generation of products 
made from salt. These two chemicals are further used to 
manufacture other materials, which are considered to be the 
second generation of products made from salt. Although 
most salt brine is produced by the same companies that use 
it, many chloralkali manufacturers now purchase brine from 
independent brine supply companies. In certain cases, brine is 
produced by a chemical company that uses some of it and sells 
the excess to neighboring competitors. According to industry 
sources, about 48% of the salt used to manufacture chlorine 
was captive (produced by the chloralkali companies) and 31% 
was purchased brine; domestically purchased solar salt and rock 
salt made up 12% of the supply, and imported rock, solar, and 
vacuum pan salt, 9%. 

In mid-2011, the U.S. Census Bureau terminated its data 
collection program for inorganic chemicals; therefore, data 
for chlorine and sodium hydroxide (caustic soda or lye) 
were unavailable to compare with the quantity of salt used in 
chloralkali manufacture. The industry average ratio of 1.75 t 
of salt is required to produce 1.0 t of chlorine and 1.1 t of 
coproduct sodium hydroxide. Reported consumption of total 
domestic and imported salt for chlorine manufacture was 
17.5 Mt (table 6), however, the data do not include salt imported 
iig by the chlorine producers or captive brine produced by 
them. 

Salt is also used as a feedstock in chemical plants that make 
sodium chlorate, metallic sodium, and other downstream 
chemical products. In powdered soaps and detergents, salt is 
used as a bulking agent and a coagulant for colloidal dispersion 
after saponification. In pharmaceuticals, salt is a chemical 
reagent and is used as the electrolyte in saline solutions. 

It is used with sulfuric acid to produce sodium sulfate and 
hydrochloric acid. The *Other chemical" subsector is relatively 
small, representing about 696 of domestic salt sales for the 
entire chemical sector and only 2% of total domestic salt 
consumption. The consumption of salt for metallic sodium 

has declined during the past several years. E.I. du Pont de 
Nemours and Co. was the sole manufacturer of metallic sodium 
In the United States, The domestic market for metallic sodium 
decreased because sodium metal was no longer needed for the 
production of leaded gasolines. The leading use of sodium was 
for sodium borohydride production, which is the feedstock 

for sodium dithionite used as a reductive bleaching agent by 
the pulp and paper industry. Sodium metal also is used to 


manufacture sodium azide, which is used in automotive air bags. 


Other potential uses of sodium metal are in the remediation 
of chemical Weapons, chlorofluorocarbons, pesticides, and 
polychlorinated biphenyls. 

Ice Control and Road Stabilization.—In 2011, U.S. 
consumption of salt for this application was 19.6 Mt, which was 
about 594 more than that of 2010. Additional imports of rock 
salt by the salt companies were available if needed during 2011. 

There are at least four Ways to treat snow and ice 
accumulation on roadways. 1) Anti-icing is the application 
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of chemicals to roads prior to when the snow-pavement 

bond begins. This practice emphasizes the prevention of this 
bonding rather than reaction. 2) De-icing is the practice of 
removing the snow or ice after it has bonded to the road. This 
involves plowing and continued application of chemicals and 
abrasives. Plowing normally begins when there is an inch or 
more of snow covering the road. 3) Pre-treatment is a form of 
anti-icing in which chemicals (calcium chloride, magnesium 
chloride, sodium chloride, calcium-magnesium acetate, and 
potassium acetate) are applied to the road up to 48 hours before 
adverse weather begins to prevent a bond to develop between 
the pavement and the snow or ice. 4) Pre-wetting pertains to 
treating the dry de-icing chemicals with liquids prior to being 
applied to the roads. This hastens the activation of the chemicals 
before they are spread on the roads (Virginia Department of 
Transportation, undated.) 

The use of salt brine for road deicing has been Increasing 
for the past several years. Regular rock salt can be dissolved 
to create the salt brine solution. Salt brine is used as a pre- 
treatment prior to ice or snow accumulation. After the solution is 
applied, it is possible that up to three-quarters of an inch of new 
snow can melt immediately (Caldwells Patch, The, 201 1). 

Salt is an inexpensive, widely available, and effective ice 
control agent. It does, however, become less effective as the 
temperature decreases below about 6.5 °C to 9.5 °С (15 °F to 
20 °F). At lower temperatures, more salt must be applied to 
maintain higher brine concentrations to provide the same degree 
of melting. Most winter snowstorms and ice storms happen 
when temperatures are between -4 °C and 0 °C (25 °F and 
32 °F), the range in which salt is most effective. 

In highway deicing, salt has been associated with 
corrosion of bridge decks, motor vehicles, reinforcement 
bar and wire, and unprotected steel structures used in road 
construction. Surface runoff, vehicle spraying, and windblown 
actions also affect soil, roadside vegetation, and local 
surface water and groundwater supplies. Although evidence of 
environmental loading of salt has been found during peak usage 
the spring rains and thaws usually dilute the concentrations of | 
sodium in the area where salt was applied. 

The quantity of salt consumed for road deicing each year is 
directly related to the severity of the winter weather conditions 
Long-range forecasting of salt consumption in this application | 
is extremely difficult because of the complexities in long-r 
forecasting of the weather. клап: 

The winter of 2010—11 was less severe than the 2009-10 
winter. Although rock salt production and sales in 201] 
increased, most municipalities and State transportation 
departments reported high inventories in mid-2011 in 
preparation for the 2011-12 winter weather. Despite the full 
silos, domes, and warehouses, some municipalities had co 
with salt suppliers that stated they were required to by e 
80% of the salt they normally ordered. The contracts allo s 
them to purchase another 2594 more than they ordered Nu 
original price if the weather was severe. Some of the rid 
constructed temporary storage facilities to Stockpile their salt. 


One community used an abandoned railr 
(Walker, 2012) oad tunnel to store salt 
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Destination 

States: 

Alabama 

Alaska 

Arizona 

Arkansas 

California 

Colorado : 

Connecticut 

Delaware 

District of Columbia 

Florida 

Georgia 

Hawaii 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New Hampshire 


— 


ааа ааа © шш 


TABLE 7 
INDUSTRIAL SAND AND GRAVEL SOLD OR USED, BY DESTINATION! 


(Thousand metric tons) 


2011 


2 


Zzzzzzzzrizzzxczcz 


4 


======== 


— 
сл 


== 


Destination 

States—Continued: 

New Jersey 

New Mexico 

New York 

North Carolina 

North Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode Island 

South Carolina 

South Dakota 


Tennessee 
Texas 

Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 


Countries: 
Canada 
Mexico 
Other 

Other: 

Puerto Rico 


Lis. possessions and territories 
Destination unknown 
Total 


Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” -- Zero. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 


2010 


18,400 * 
32,300 * 


2011 


ZozzóBzz 


= zzzzzz2z5 


2 


и 
=A 


W 
23,100 
43,700 


66.11 


66.12 


TABLE 8 


U.S. EXPORTS OF INDUSTRIAL SAND AND GRAVEL, BY REGION AND COUNTRY’ 


(Thousand metric tons and thousand dollars) 


2010 2011 - 
Destination Quantity Value? Quantity Value 
Africa and the Middle East: 
Egypt (3) 91 (3) 117 
Israel (3) 204 (3) 378 
Other 2' 1,390 ' i. 995 
Total 2 1,680 1 1,490 
Asia: 
China 133 82,400 239 98,100 
Hong Kong 2 584 1 329 
Јарап 1,270 51,300 1,340 48,700 
Korea, Republic of 18 3,790 9 5,380 
Singapore 4 1,420 2 966 
Taiwan 1 1,010 7 1,830 
Other 3 1,450 2 1,690 
= 7 је 1,430 142,000 1,600 157,000 
Europe: 
Belgium 9 1,390 2 1,320 
Germany 105 39,000 134 41,000 
Italy 1 167 (3) 145 
Netherlands 115 7,630 15 8,090 
Russia (3) 140 (3) 13 
United Kingdom p. 2.340 2 2,880 
Other 6 12,300 93 8,290 
ER ee = 229 62,900 246 61,700 
North America: 
Bahamas, The 1 198 (8) 97 
Сапада 1,750 68,800 1,700 87,800 
Mee = —0— 480 36,300 702 47,700 
Trinidad and Tobago (3) 93 | 133 
Other 12 1,970 20 1,870 
Total 2,250 107,000 2,420 138,000 
Oceania: 
Australia 3 1,390 23 1,250 
New Zealand (3) 74 1 71 
Total 3 1,460 24 1,320 
South America: 
Argentina 21 3,710 18 4,780 
Brazil 1 1,350 3 1,010 
Colombia 2 501 6 3500 
Peru 15 1,980 15 2,110 
Venezuela (3) 133 1 412 
Other ] 412 ] 457 
Total арр Se 


includes all charges incurred in placing material alongside ship. 


?Less than % unit. 


Source: U.S. Census Bureau. 


YEARBOO 
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4,330 


371,000 


woo s POEM NEM о A № 
Grand total 3,950 323,000 , ` 
a ee ee ваа 


„Раа are rounded to no more than three si gnificant digits; may not add to totals shown. 
*Free alongside ship value of material at U.S. port of export. Based on transaction price, 
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TABLE 9 
U.S. IMPORTS FOR CONSUMPTION OF INDUSTRIAL 
SAND, BY COUNTRY! 


(Thousand metric tons and thousand dollars) 


2010 2011 
Country Quantity Value? Quantity Value? 

Australia 1" 1,160 2 943 
Сапада 103 4,080 106 5,860 
Chile ~ - 1 162 
China (3) 281 1 684 
Germany (3) 671 (3) 529 
Јарап (3) 105 (3) 19 
Mexico 26 11,500 198 76,300 
Netherlands - -- (3) 62 
Other 2 1,490 ' 8 3,340 

Total 132" 19,300° 316 87,900 


"Revised. -- Zero. 

"Data are rounded to no more than three significant digits; may not add 
to totals shown. 

?Cost, insurance, and freight value of material at U.S. port of entry. 
Based on purchase price; includes all charges (except U.S. import 
duties) in bringing material from foreign country to alongside carrier. 
?Less than % unit. 


Source: U.S. Census Bureau. 
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INDUSTRIAL SAND AND GRAVEL (SILICA): WORLD PRODUCTION, BY COUNTRY? 


о о я ИН 

Country? 2007 2008 2009 2010 2011“ 
Algeria 100 
О а Mi 


TABLE 10 


(Thousand metric tons) 


254 243 118 84 
Argentina 457 473 364 531" 425 
Australia“ 5.300 . 5,500 ' 5,600 ' 5,300 5,600 
Austria 1,915 " 2,175 ' 1,200 ' 939 1,500 
Belgium® 1,800 1,800 1,800 1,800 1,800 
Belize* 12 12 12 12" 12 
Bosnia and Herzegovina 671 702 525° 495° 1,100 
Brazil, silex* 2 2 2 2 2 
Bulgaria 551 734 657 660 * 660 
Canada, quartz 1,987 1,979 1,296 1,171 EE 
Chile 1,234 1,401 1,405 1,326 ' 1,237 
Croatia 148 150 * 278 241 240 
Cuba® 21 29 16 16 16 
Czech Republic, foundry sand 1,792 ' 1,853 ' 1,364 1,361 € 1,350 
Denmark, sales* 60 60 60 60 60 
Есџадог“ 34 г Ast 74 ' Ду. + 2 
Ecuado? аат 
0. вао 1,725 1,612 1,342 1,757 1,800 
Eritrea ~ 1,000 ' 1,000 € 1,000" 1,000" 1,000 
Estonia, industrial sand ГА a " 36 36 
PALE LR Ser ИН 
co MN RR ER 6 7 31' 70' 70 
POON M с гыз О 2,958 3,160 2,241 2,250 2,250 
France* 5.000 5.000 5.000 5,000 5,000 
French Guyana‘ 1,500 1,500 1,500 1,500 1,500 
Gambia 712 1,065 1,062 ' 1,121" 2% 
SS) ы м у у у= 8,382 8,186 6,453 7,234" 7,710 
Greece 100 • 65 38 38 * ji 
vc ren Ини 
Guatemala 68 65 36 62 be 4 
Guyana’ 715 684 479 652 692" 
Hungary, foundry and glass sand 337 320 196 180 200 
Iceland" 4 4 4 4 : 
B o cR 1,600 1.700 1.700 1,800 1,800 
Indonesia* 35 r 38 r 32 г, 4 36 r 37 
DUAE T MER E таи И NRI RE 
Ba re сс m рр 2,000 2,000 1,500 1,500 Qr 
c S SO =, OC (9) 19 18 (9) 2 
Ireland* 5 5 5 3 3 
LC RN eal aD није 
г abe 220 195 163 198 ee 
a ME 14,000 14,000 19,759 4 19,800 19,8 
Jamaica 14 15 7 13 13 
ое на 
Тр еш ЕНЕН 4,314 3,664 2,856 3,078 st 
co Е es DOS 628 23 298 300 ° 
Kenya 14: 16° 15" 16° 16 
K i 0 
Korea, Republic of 2,227 1,757 455 535 | + 
да 4,285 2,223 1,339 1,359 i 

ithuania 45 38 42 67 67 
Malaysia 719 1,467 630 932 a 
Mexico : r 2.510 * 
Moldovz* 2,950 2,779 2,484 2,608 200 
Moldova 2/2 * 200 150 195 
Netherlands* = 5 5 5 5 5 
New Zealand | | 86 113 100 
Nigeria А и ws 30 
N e 
Pop ^ P MEME 1,500 1,500 1,500 1,500 1,200 
Paraguay 25 5 е 25 26 
Р е Ma ac rM Tg 
jS 900 900 900 900 p 

Шрріпеѕ г 300 
tic oS ee 221 270 284 296 2 460 
Ma oS 2,268 2,398 2,127 ' 2,458 ' 
Portugal 5 5 Е 5 5 
Romania* 
Romania 520 520 520 520 520 


Saudi Arabia 900 
e 
See footnotes at end of table. 220 ae 8 820 
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TABLE 10—Continued 
INDUSTRIAL SAND AND GRAVEL (SILICA): WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 


Coun 2007 
Serbia" -T 
Slovakia 591 
Slovenia 350 * 
South Africa 3,385 ' 
Зрајп“ 5,000 
Sri Lanka 70 
Sweden‘ 700 
Thailand 844 
Turkey 4,998 
United Kingdom 4,909 
United States, sold or used by producers 30,100 
Venezuela" 500 
Total 129,000 ' 


*Estimated. PPreliminary. ‘Revised. -- Zero. 


2008 2009 
аз T ET r 
619 502 
354 327 
3,342 ' 2,306 " 
5,000 5,000 
61 60 
700 700 
496 500 
2,423 4,499 
4,777 3,755 
30,400 27,500 ' 
500 500 
124,000 ' 116,000 ' 


2010 


r 


500 ° 
330 * 
2,905 ' 
5,000 
68 
700 
500 ° 
4,000 * 
3,760 ° 
32,300 " 
500 
124,000 ' 


2011" 
500 
325 

2,900 

5,000 
65 

700 
500 
5,000 
3,760 

43,700 * 

500 
138,000 


'World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


Table includes data available through July 1, 2012. 


?In addition to the countries listed, Angola, Antigua and Barbuda, The Bahamas, and countries of the Commonwealth of 
Independent States produce industrial sand, but current available information is inadequate to formulate reliable estimates 
of output levels. Based on estimates of glass end use consumption, China is the world’s leading producer of industrial sand; 


however, available information is inadequate to formulate reliable estimates of output levels. 


“Reported figure. 
*Fiscal years beginning July 1 of that stated. 
Ethiopian calendar year ending July 7 of that stated. 


"Source: Guyana Geology and Mines Commission and the Bank of Guyana. 


SFiscal years beginning March 21 of that stated. 
?Less than № unit. 
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SILICON 


By Lisa A. Corathers 


Domestic survey data and tables were prepared by Maria Arguelles, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


Starting in 2011, domestic statistics for silicon metal 
containing less than 99.9% silicon—silicon metal used 
as feedstocks for chemical, electronic, and metallurgical 
applications—were aggregated with those of ferrosilicon to 
avoid disclosing company proprietary data for both material 
categories. Therefore, comparisons of domestic production and 
apparent consumption statistics could not be made between 
2010 and 2011. In 2011, total domestic ferrosilicon and silicon 
metal production was 326,000 metric tons (t) of contained 
silicon (table 1) and 437,000 t on a gross-weight basis (table 2). 
On the basis of contained silicon, U.S. exports of silicon 
products increased by 23% and imports increased by 4%. Total 
U.S. apparent consumption of silicon materials was 564,000 t. 
Year-average import prices for the 50% and 75% ferrosilicon 
grades increased slightly and by 5%, respectively, and those for 
silicon metal increased by 13% compared with those in 2010. 

Silicon is a light chemical element with metallic and 
nonmetallic characteristics. Silicon is rarely found free in 
nature. Silicon combines with oxygen and other elements to 
form silicates, which comprise more than 25% of the Earth’s 
crust. Silica (SiO,) as quartz or quartzite is used to produce 
silicon ferroalloys for the iron and steel industries and silicon 
metal for the aluminum and chemical industries. Silicon metal 
may be further processed into ultrahigh-purity semiconductor 
or solar grades; these contain 99.9% or greater silicon. 
Semiconductor-grade silicon metal used in making computer 
chips is crucial to modern technology, but the quantity is less 
than 5% of total silicon metal demand (Roskill’s Letter from 
Japan, 2000). Silicon metal may also be refined into an upgraded 
metallurgical form or into wafers to power solar batteries. The 
U.S. Geological Survey (USGS) does not survey the ultrahigh- 
purity silicon industry for production and related data; therefore, 
the only information in this report about these grades is from 
foreign trade statistics and published sources. Unless otherwise 
noted, silicon metal in this report refers to silicon metal 
containing less than 99.9% silicon. 


Production 


Silicon Ferroalloys.—Domestic gross production data for 
silicon ferroalloys were withheld to avoid disclosing company 
proprietary data; they were combined with U.S. silicon metal 
production statistics and reported as total silicon materials 
(table 2). 

In March, Optima Group LLC acquired ferrosilicon producer 
CC Metals and Alloys, Inc. (CCMA) for an undisclosed 
sum. Felman Trading, Inc., the marketing agent for U.S. 
silicomanganese producer Felman Production Inc., planned to 
sell CCMA output. Optima is controlled by investors in Felman 
Production, which is, in turn, owned by investors in Ukrainian 
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ferroalloy producer Privat Group (American Metal Market, 
2011; Ryan’s Notes, 20 а). 

In November, Globe Specialty Metals, Inc. (GSM; owner of 
U.S.-based silicon producers Core Metals Group and Globe 
Metallurgical, Inc.) ceased production at its Bridgeport, AL, 
ferrosilicon plant because of a fire. The plant’s production 
capacity was rated at 42,000 metric tons per year (t/yr). As a 
result of the fire, GSM lost about 4,000 t of output. The plant 
was reopened in late January 2012 at a cost of $5 million 
(American Metal Market, 2012; Globe Specialty Metals, Inc., 
2012a). 

Silicon Metal.—Production-related statistics for silicon metal 
were aggregated with domestic silicon ferroalloys to avoid 
disclosing company proprietary data. 

Total Silicon Materials.—Data for all silicon materials that 
were produced in the United States іп 2011— ferrosilicon, 
miscellaneous silicon alloys, and silicon metal—are derived 
from monthly and annual voluntary surveys and estimates for 
nonrespondents by the USGS. The gross production-related data 
in table 2 were obtained from all operations listed in table 3 
that are canvassed by means of the USGS “Silicon Alloys" 
survey. U.S. production reported in the world production table 
reflects net production of total silicon materials (table 9); that is, 
it includes adjustments in inventory and in-plant consumption 
of ferrosilicon and silicon metal to produce magnesium 
ferrosilicon, miscellaneous alloys, and different grades of silicon 
metal. 

Upgraded-Metallurgical-Grade Silicon Metal.—Upgraded- 
metallurgical-grade silicon metal (UMG-Si) is used in 
silicon-based photovoltaic (solar) cells. UMG-Si does not 
require as much additional refinement as does polycrystalline 
silicon, which has been traditionally used in solar panel wafers. 
GSM did not produce UMG-Si commercially in 2011; rather, 
the company focused on research and development projects 
to improve UMG-Si production. GSM's UMG-Si production 
capacity was last reported in 2009 to be 360 t/yr at its Solsil 
plant in Beverly, OH. GSM ownership in Solsil, Inc. increased 
in fiscal year 2012 (July 1, 2011, to June 30, 2012) to 97.25% 
from 81% in fiscal year 2011 (Globe Specialty Metals, Inc., 
2009, p. 3; 2012b, p. 2, 15-16). 

Semiconductor- and Solar-Battery-Grade Silicon. —U.S. 
production capacity for polycrystalline silicon used in 
semiconductor and solar cells was reported to have increased by 
9% to 69,500 t in 2011 from the revised amount (63,500 t) 
in 2010. China led the world in polycrystalline production 
capacity for the first time with 3996 of the total, followed 
by the United States with 22%, and the Republic of Korea 
with 18%. Total annual domestic polycrystalline production 
capacity by company was as follows: Hemlock Semiconductor 
Group, 40,000 t; REC Group (includes REC Advanced Silicon 


Materials LLC and REC Solar Grade Silicon LLC), 19,000 t; 
MEMC Electronic Materials, 9,000 t; and Mitsubishi Materials 
Group, 1,500 t (Roskill’s Letters from Japan, 2012, p. 4). 

Two new polycrystalline silicon plants were under 
construction in Tennessee—Hemlock Semiconductor Group’s 
10,000-t/yr plant in Clarksville, and Wacker Chemie AG’s 
15,000-t/yr plant in Cleveland. Startup at the $1.2 billion 
Hemlock Semiconductor plant was scheduled for 2012, and 
for late 2013 at the €1.1 billion ($1.6 billion) Wacker Chemie 
plant. Production at both plants would primarily target solar 
cell applications. Hemlock Semiconductor is owned by 
Dow Corning Corp. (63.25%), Shin-Etsu Handotal (24.5%), 
and Mitsubishi Materials Corp. (12.25%). Wacker Chemie 
is a German-based chemical and ultrahigh-purity silicon 
manufacturer (Dow Coming Corp., 2009; Wacker Chemie AG, 
2011; Hemlock Semiconductor Group, 2012). 


Consumption 


Most ferrosilicon (including miscellaneous silicon alloys) was 
steel (70%) (table 4). Silicon metal was used 


mainly to produce chemicals, such as silanes, silicones, and 
others (79%). Metallurgical-grade silicon carbide can substitute 
for ferrosilicon, especially in iron foundries. Data on North 
American production and U.S. imports of silicon carbide are 
reported in the Manufactured Abrasives chapter of the 2011 
USGS Minerals Yearbook, volume I, Metals and Minerals. 

In 2011, U.S. apparent consumption of silicon materials 


(ferrosilicon, miscellaneous silicon alloys, and silicon metal) 
was 564,000 t (table 1). Consumption of ferrosilicon and silicon 
metal was estimated by CRU International Ltd. to have each 
increased throughout the western world in 2011, except in 


Japan where ferrosilicon consumption decreased by 10% and 
in the European Union (EU) where silicon metal consumption 
decreased slightly. In terms of contained silicon, ferrosilicon 

d to 2.00 million metric tons (Mt) in 2011 


consumption increase 11 
0, and silicon metal consumption 


from 1.98 Mt (revised) in 201 
increased to 1.58 Mt from 1.49 Mt. Areas with the largest 


year-to-year increase in consumption of ferrosilicon, in terms 
of volume and as categorized by CRU International, were 
Europe, other western world countries (excluding Europe, all 
Asian countries, and the United States), and the United States. 
Areas with the largest year-over-year increase in silicon metal 
consumption, in terms of volume and as categorized by CRU 
International, were other Asian countries (excluding China, 
Japan, and North Korea) and the United States. In decreasing 
order of consumption, Europe, other Asian countries (excluding 
China, Japan, and North Korea), and Japan accounted for 73% 
of the ferrosilicon consumption in 2011. Also in decreasing 
order of consumption, the EU, the United States, and other 
Asian countries (excluding China, Japan, and North Korea) 
accounted for 72% of the silicon metal consumed in 2011 


(CRU Bulk Ferroalloys Monitor, 2012a, b). 


used to produce 


Prices 
Ferrosilicon and silic 

to changes in supply to, 

the aluminum, chemical, 


on metal prices tend to vary in response 
and consumption requirements by, 
ferrous foundry, and steel industries. 
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Silicon material prices were higher in 2011 than they werin 
2010 because of increased consumption in the United State 
The year-average spot prices given by Platts Metals Week wer 
102.2 cents per pound for 75% ferrosilicon and 157.6 cents 
per pound for silicon metal; these prices were 5% and 13% 
higher, respectively, than those of 2010. The year-average Мой 
American transaction price for 50% ferrosilicon as calculated 
from Ryan’s Notes listings was 111.3 cents per pound, a slight 
increase from that of 2010. Average monthly ferrosilicon ad 
silicon metal spot prices were at their highest in January 2011 
before generally trending downward until hitting а low in 
December—145 cents per pound for silicon metal, 102 cents 
per pound for 50% ferrosilicon, and 90.5 cents per pound for 
75% ferrosilicon. The range for spot market prices, in cents pa 
pound, ended the year as follows: silicon metal, 142 to 145; 
50% ferrosilicon, 100 to 104; and 75% ferrosilicon, 89 to 91. 
The prices were lower at yearend because of oversupply that 
resulted from increases in imports that were diverted to the 
United States from European markets in the third quarter. 


Foreign Trade 


Trade volumes discussed are based on gross weight. 08. 
ferrosilicon exports increased by 34% to 34,000 t, and their 
value increased by 37% to $40.6 million from those of 2010. 
In decreasing order of quantity, Canada and Mexico accounted 
for 76% of the total 2011 ferrosilicon exports (table 5). Exports 
of silicon metal increased by 21% to 79,500 t, but their 
value decreased slightly to $2.64 billion from that of 2010. 
In decreasing order of quantity, Japan, China, the Republic 
of Korea, and Germany accounted for 67% of silicon metal 
exports. Shipments of ultrahigh-purity silicon containing more 
than 99.99% silicon accounted for 69% of total silicon metal 
exported and 9696 of the total value of combined ferrosilicon 
and silicon metal exports. 

U.S. ferrosilicon imports increased slightly to 233,000 t, and 
the value of those imports increased by 12% to $383 million 
compared with that in 2010. These imports increased primarily 
because of increases in the “55% to 8076 silicon, more than 
3% calcium" and “magnesium ferrosilicon" trade categories. 
Imports of standard 75% ferrosilicon (ferrosilicon trade 
category of “55% to 80% silicon, other") accounted for 80% 
of total ferrosilicon imports by gross weight and 81% of total 
ferrosilicon value (table 6). Russia (37%) was the leading source 
of total ferrosilicon imports, followed by China (31%) and 
Canada (13%). 

Silicon metal imports (190,000 t) increased by 9% from those 
in 2010, and increased by 18% in value to $884 million from 
$748 million in 2010. The increase in silicon metal imports was 
attributable to increases in the “silicon, other” (1 9,200 t) trade 
category. Brazil was the leading source of total silicon met 
imports at 42%, followed by South Africa at 19%, and Ж 
at 13%. Silicon metal in the “99.00% to 99.99% silicon" trade 
category accounted for 72% of the quantity, and 50% of E 
value, respectively, of all silicon metal imported In 2011. 

- 7 | à; - decreas 
quantity of silicon metal imports in this trade category 


slightly compared with that of 2010. 
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tiwali The estimated U.S. net import reliance for ferrosilicon and 
“SW со metal in 2011 as a percentage of apparent consumption 

: А * zlwas 48%. 

EX Аппдитртр Duty Administrative Reviews.—Final 
“о ум ап фитрте duty rates assessed in 2011 on imports of silicon 
vi; materials to the United States are listed in table 7. Results of 
ту" 5х1 арреа1$ of import antidumping duty reviews made in 2011 are 
»...:zylisted in table 8. 


Foreign-Trade Zone Designations.—On June 29, the 


12:2: Foreign-Trade Zones Board of the U.S. Department of 

игл Commerce granted foreign-trade zone (FTZ) subzone 

соз Status with restrictions to REC Silicon Inc.'s polysilicon 

zii: (polycrystalline silicon) and silane gas manufacturing facility 
sum in Butte, MT. The FTZ manufacturing authority could exempt 


oxi 
|", nt 


REC Silicon from customs duty payments on imported silicon 
metal that is used to manufacture polysilicon and silane gas for 
export. However, the company would not be allowed to import 
silicon metal duty free if those imports were covered by an 
antidumping duty or countervailing duty order, such as silicon 
metal imports from China and Russia (U.S. Department of 
Commerce, Foreign-Trade Zones Board, 2011). 

U.S.-World Trade Organization (WTO) Chinese Raw 
Material Export Dispute Settlement Proceedings.—On July 5, 
a WTO Dispute Settlement Body (DSB) agreed with the United 
States that China's curbs placed on exports of various materials 
in 2009, including a 15% tax on silicon metal exports, were 
inconsistent with China's WTO obligations. In January 2012, 
the WTO Appellate Body affirmed the DSB decision after China 
appealed. By doing so, the Appellate Body rejected China's 
attempts to portray the export restraints as conservation or 
environmental protection measures or measures taken to manage 
critical supply shortages (Office of the United States Trade 
Representative, 2011; 2012). 


World Industry Structure 


Data on annual world production of ferrosilicon and silicon 
metal by country from 2007 through 2011 are provided in 
table 9. The leading producers of ferrosilicon and silicon 
metal combined were China (6.8 Mt), Russia (970,000 t), the 
United States (437,000 t), and Norway (370,000 t). Excluding 
the United States, world production of ferrosilicon, on a 
gross-weight basis, was estimated to have been 7.77 Mt in 
2011 compared with 8.04 Mt (revised) in 2010. The major 
ferrosilicon producers in 2011 were, in decreasing order, China, 
Russia, Norway, and Ukraine; they accounted for 8696 of total 
world production. 

World production of silicon metal, excluding that from the 
United States, was estimated to have been 2.13 Mt in 2011 
compared with 1.99 Mt (revised) in 2010. China was by far the 
leading producer of silicon metal in the world in 2011 with an 
estimated 1.4 Mt; this was 66% of the world total. Other major 
producers of silicon metal in 2011 were, in decreasing order, 
Norway, Brazil, and France; they accounted for 20% of total 
world production. 

New ferrosilicon and silicon metal projects scheduled for 
completion around the world from 2011 through 2015 are listed 
in table 10. 
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World Review 


China.—China’s exports of silicon materials in 2011 were 
significantly lower than those in 2010 primarily because 
overseas buyers made large purchases during the fourth quarter 
of 2010 in response to electricity supply cuts in so-called Silicon 
Land—the area comprised of Gansu Province, Inner Mongolia 
Autonomous Region, Ningxia Hui Autonomous Region, and 
Qinghai Province. The electricity cuts were a direct result of 
reduced energy consumption and carbon dioxide (CO,) emission 
targets imposed by the Central Government of China via their 
twelfth 5-year plan published in September 2010. 

China's exports of ferrosilicon decreased by 2096 to about 
622,000 t from the revised amount of 780,000 t exported in 
2010. Ferrosilicon containing more than 55% silicon comprised 
the bulk of the 2011 ferrosilicon exports at 579,000 t. The 
leading countries of destination for this category of Chinese 
ferrosilicon were Japan (47%), the Republic of Korea (18%), the 
United States (896), and India (396). China's exports of silicon 
metal were also significantly lower in 2011 compared with those 
in 2010; they were down 896 to 584,000 t from 633,000 t. The 
leading countries of destination for Chinese silicon metal were 
Japan (30%), the Republic of Korea (18%), Germany (5%), and 
Thailand (596) (TEX Report, The, 2012a-d). 

Chinese export tariffs in 2011 for ferrosilicon and silicon 
metal remained at 25% and 15%, respectively (Metal-Pages, 
2012b). With these duties, the Chinese Government aimed to 
reduce exports of these materials from the country so more 
material would be available for the domestic market. As of 
September 17, 2012, China had yet to repeal the 15% silicon 
metal export tax after losing its appeal to the WTO Appellate 
Body. 

One goal contained in China’s twelfth 5-year plan was the 
elimination of backward production capacity, which included 
ferrosilicon and silicon metal production in small electric arc 
furnaces (EAFs). Ferrosilicon and silicon metal production in 
EAFs of 6,300 kilovoltampere capacity would be phased out by 
yearend 2012 (Metal-Pages, 2012a). 

Metal-Pages (2011b) reported that Yunnan Province was one 
of the leading areas of silicon metal production in China because 
of its hydropower resources. Silicon metal production capacity 
in the province was estimated to be 1.25 Mt/yr in 68 plants, 
which was 35% of national total capacity. In 2011, silicon metal 
production in Yunnan Province was forecast to be about 
700,000 t; this would be one-half the USGS estimate of silicon 
metal production for the entire country. 

In 2011, Grupo FerroAtlantica S.L. (Ferroatlantica) purchased 
Chinese silicon metal producer Mangshi Sinice Silicon 
Industry located in Yunnan Province. The company planned 
to reconstruct the plant’s three furnaces by yearend 2012 at 
an estimated cost of €25 million ($32 million). Ferroatlantica 
(through its subsidiary Ganzi FerroAtlantica Silicon Industry 
Company, Ltd.) also began construction of a new silicon metal 
plant in Kanding, Ganzi Prefecture, Sichuan Province. It was 
planned to be the largest silicon metal plant in the world upon 
project completion in 2014, with an estimated production 
capacity of 128,000 t/yr (table 10) (Metal-Pages, 2011a; Grupo 
FerroAtlántica S.L., 2012, p. 14). 


Japan.—Japan did not produce ferrosilicon and, therefore, 
was 10096 import reliant for its consumption needs. Ferrosilicon 
imports were down by 8.696 to 470,000 t in 2011 from the 
amount imported in 2010. The TEX Report (2012e) attributed 
the decrease in ferrosilicon imports to large purchases of 
ferrosilicon from China in the 4th quarter of 2010. The 
decrease was also likely a result of the March 11, 2011, Tohoku 
earthquake and tsunami which affected steel production in the 
country (Beroe Inc., 2011). 

Laos.—Starting in 2007, Laos became a new silicon 
metal-producing country. By 2010, the sole silicon metal 

roducer, Lao Silicon Co., Ltd., had an estimated production 
f 15,000 t/yr (Ryan's Notes, 2012). 

Norway.—In April, the sale of Orkla ASA's Elkem AS 
silicon-related businesses to China National Bluestar Group Co., 
Ltd. for $2 billion was completed. China National Blue Star is 
owned by Chinese state-owned company ChemChina (8076) 
and the New York-based investment firm Blackstone Group 
(2096) (Orkla ASA, 2011; Ryan's Notes, 2011b). Elkem had 
total ferrosilicon production capacity of 76,000 t/yr; 40,000 t/yr 
at the Bjolvefossen plant and 36,000 t/yr in Bremanger. Elkem's 
silicon metal capacity was as follows: Salten, 65,000 t/yr; 
Thamshavn, 40,000 t/yr; and Bremanger, 28,000 t/yr. 

Russia.—Russia exported 838,000 t of ferrosilicon in 2011, 

a decrease of 11% from the alltime high in 2010. The amount 

exported in 2011 was the second highest in the country’s history, 
as Russian producers continued to fill the void left by a decrease 
in Chinese ferrosilicon exports to Europe and Asia (TEX Report, 


The, 20120). 


capacity о 


Outlook 
nd global consumption for ferrosilicon was 
losely the trend in steel production, for 
which the annual growth rate has been typically in the range 
of 1% to 2% in the United States. Details of the outlook for 
the steel industry are discussed in the Outlook section of the 
Iron and Steel chapter of the 2011 USGS Minerals Yearbook, 
volume I, Metals and Minerals. According to the World Steel 
Association (2012), raw steel production in 201 1, compared 
% to 86.2 Mt in the United 


ith that in 2010, increased by 7.1 | не 
ciales and by 6.8% worldwide to slightly more than 1.5 billion 
metric tons (Gt). Raw steel production in China, the leading 


world producer of raw steel, increased by 8.9% to about 696 Mt. 
MEPS (International) Ltd. (2012) forecast а 4% increase In 
world raw steel production to 1.6 Gt in 20 12 from that in 201 1. 
Demand for silicon metal comes primarily from the aluminum 
and chemical industries. Consumption of silicon metal by the 
U.S. aluminum castings industry was expected to mirror the 
short-term annual growth rate of 5.1% from 2011 through 2014 
in aluminum casting sales, and the long-term annual growth rate 
of 2.8% from 2011 through 2020 (Modern Casting, 2012). US. 
chemical production in 2011 increased by 3.8% compared with 
that in 2010; it then was expected to increase slightly (0.5%) in 
2012 (Chemical & Engineering News, 2012; McCoy, 2012). 
World production capacity for polycrystalline silicon 
can be used as a rough indicator of ultrahigh-purity silicon 
consumption. World polycrystalline silicon output increased by 
62% to 235,000 t in 2011 from that in 2010. Of that amount, 


Domestic a 
expected to follow с 
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the solar cell market accounted for 89% and the semiconductr 
market 1196. World production capacity for polycrystalline 
silicon was forecast to increase by 68% to 317,500 tin 2011 
from that in 2010; by 2015, it would increase to about 491,000. 
In 2015, China was forecast to lead the world in polycrystalline 
production capacity with 130,000 t/yr, followed Бу the Republi 
of Korea (123,000 t/yr), and the United States (120,000 tyr 
(Roskill’s Letters from Japan, 2012, р. 1, 3-4). 
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TABLE 1 


SALIENT SILICON STATISTICS! 
(Contained silicon, unless otherwise noted) 


OT 28 29. да ш. 
United States: 
Production: 
Exports: 
Silicon metal do. 28 35 38 65 79 


~ Silicon metal Oe Se сыш 
Imports for consumption: 


Ferrosilicon do. 208 190 70 157 156 
Silicon metal do. 147 168 113 171 187 
Apparent consumption: 
Price, average: 
World production, gross weight: 
| до. 8,900 7 9,110 7 9,110 7 10,000 7 10,300 * 


Total silicon materials 
‘Revised. do. Ditto. W Withheld to avoid disclosing company proprietary data. 

‘Data are rounded to no more than three significant digits, except prices; may not add to totals shown. 
2Excludes semiconductor- and solar-grades of silicon metals. 

Includes ferrosilicon, miscellaneous silicon alloys, and silicon metal, excluding semiconductor and solar grades. 
*Ryan's Notes North American transaction prices based on weekly averages. 

5Platts Metals Week mean import prices based on monthly averages. 

6Excludes net production of ferrosilicon in the United States. 

7Excludes net production of silicon metal in the United States. 

includes total net production of ferrosilicon and silicon metal in the United States. 
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TABLE 2 


PRODUCTION, SHIPMENTS, AND STOCKS OF SILICON 
ALLOYS AND METAL IN THE UNITED STATES"? 


(Metric tons, gross weight) 


Producers’ 
Gross Net stocks, 
production? shipments December 31 
2010: 
Ferrosilicon 288,000 ' 251,000 31,000 
Silicon metal W W W 
Total silicon materials W W W 
2011: 
Ferrosilicon W W W 
Silicon metal зз, М, М 
Total silicon materials" 437,000 359,000 42,600 


‘Revised. W Withheld to avoid disclosing company proprietary data. 

'Data are rounded to no more than three significant digits. 

"Includes ferrosilicon, miscellaneous silicon alloys, and silicon metal, excluding 
semiconductor and solar grades, unless otherwise noted. 

*Ferrosilicon production includes material consumed in the production of 
miscellaneous silicon alloys. 

* January 2011 data included ferrosilicon and miscellaneous silicon alloys only. 


TABLE 3 
PRINCIPAL PRODUCERS OF SILICON ALLOYS AND (OR) SILICON 
METAL IN THE UNITED STATES IN 2011! 


Producer Plant location Product 
CC Metals and Alloys, Inc. Calvert City, KY Ferrosilicon. 
Globe Metallurgical, Inc.’ Alloy, WV Ferrosilicon and silicon metal. 
Do. Beverly, OH Do. 
Do. Niagara Falls, NY Silicon metal. 
Do. Selma, AL Do. 
Core Metals Group” Bridgeport, AL Ferrosilicon. 
Simcala, Inc.’ Mt. Meigs, AL Silicon metal. 
Do. Ditto. 


Silicon metal producers excludes semiconductor- and solar—grade silicon manufacturers. 
Owned by Globe Specialty Metals, Inc. 
*Owned by Dow Corning Corp. 
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ТАВГЕ 4 
REPORTED CONSUMPTION, BY END USE, AND STOCKS OF SILICON FERROALLOYS AND METAL IN THE 


UNITED STATES IN 2011" 2 


(Metric tons, gross weight) 
Silvery  Ferrosilicon, Ferrosilicon, Silicon Miscellaneous Silicon 
Steel: 

Carbon and high-strength, low-alloy (9) 31,900 27,100 (10) 1,290 (10) 
Stainless and heat-resisting — ° (10) 46,800 285 (10) (10) 
Full alloy -- 5,030 9,640 (10) (10) - 
Electric and tool um = (10) Э " (10) 
“Unspecified 8H 320 120 % м 
Total -- 37,600 115,000 1,520 1,700 — 7,620 
Cast irons 4,540 25,000 22,900 (11) 14,900 18,700 
Superalloys -- (11) (11) 164 (9) < 
Alloys, excluding superalloys and alloy steel (9) (11) (п) 52,500 ? А М 
Miscellaneous and unspecified ae 2,450 1,020 200,000 ? (9) () 
Grand total 4,540 65,100 139,000 254,000 16600 26,300 

-- Zero. 


ага are rounded to no more than three significant digits; may not add to totals shown. 
"Includes U.S. Geological Survey estimates. 

?Typically 18% silicon content but ranges between 5% to 24% silicon content. 

‘Typically 48% silicon content but ranges between 25% to 55% silicon content; includes briquets. 

‘Typically 76% silicon content but ranges between 56% to 95% silicon content; includes briquets. 

Typically 98% silicon content but ranges between 96% to 99% silicon content. 

"Typically 48% silicon content. Primarily magnesium-ferrosilicon but also includes other silicon alloys. 

8ТурісаПу 64% silicon content but ranges between 63% to 70% silicon content. Does not include silicon carbide for abrasive or refractory uses. 
‘included with “Cast irons,” to avoid disclosing company proprietary data. 

\Omcluded with “Steel: Unspecified,” to avoid disclosing company proprietary data. 

I! pacluded with “Miscellaneous and unspecified,” to avoid disclosing company proprietary data. 

primarily aluminum alloys. 

primarily silicones and other chemicals. 
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TABLE 5 
U.S. EXPORTS OF FERROSILICON AND SILICON METAL IN 2011"? 


(Metric tons, unless otherwise specified) 


See footnotes at end of table. 


Gross Contained 
Country weight weight Value 
Ferrosilicon: 
More than 55% silicon: 
Brazil 141 87 $322,000 
Canada 20,100 12,000 11,600,000 
Italy 380 292 757,000 
Japan 1,120 857 2,340,000 
Mexico 2,290 1,390 5,200,000 
Netherlands 274 247 461,000 
Spain 140 105 308,000 
Sweden 95 71 191,000 
Turkey 220 148 639,000 
United Kingdom 60 44 107,000 
Other (6 countries) 102 71 255,000 
Total 24,900 15,400 22,200,000 
Other ferrosilicon: 
Belgium 721 360 1,590,000 
Brazil 226 99 559,000 
Canada 1,810 903 3,040,000 
Japan 1,210 584 2,330,000 
Korea, Republic of 722 321 959,000 
Mexico 1,640 643 3,290,000 
Portugal 200 82 440,000 
Spain 180 82 405,000 
Turkey 1,680 762 4,230,000 
United Kingdom 127 62 302,000 
Other (13 countries) 584 281 1,290,000 
Total 9,090 4,180 18,400,000 
Total ferrosilicon 34,000 19,500 40,600,000 
Metal: 
More than 99.99% silicon: 
China 17,400 XX 707,000,000 
Germany 5,410 XX 236,000,000 
Hong Kong 1,800 XX 32,000,000 
Japan 13,000 XX 690,000,000 
Korea, Republic of 2,780 XX 167,000,000 
Malaysia 552 XX 50,500,000 
Norway 4,290 XX 210,000,000 
Singapore 3,500 XX 166,000,000 
Taiwan 4,600 XX 197,000,000 
Ukraine 702 XX 30,400,000 
Other (41 countries) 969 XX 77,200,000 
_ Total 55,000 55,000 “ 2,560,000,000 
99.00%-99.99% silicon: 
Belgium 4] 41 68,600 
China 125 124 241,000 
__ Germany 87 87 251,000 
Japan 3,420 3,400 10,900,000 
Korea, Republic of 3,650 3.620 14,300,000 
Mexico 44 44 103,000 
Netherlands 1,180 1,170 3,420,000 
Niger 47 46 138,000 
Taiwan 22 22 31,000 
United Kingdom 1,940 1,930 4,830,000 
Other (12 countries) 98 97 219,000 
Total 10,700 10,600 34,500,000 
Other silicon: 
Canada 3,330 3,230 11,000,000 
China 1,640 1,590 8,280,000 
Germany 86 84 126,000 
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TABLE 5—Continued " 
U.S. EXPORTS OF FERROSILICON AND SILICON METAL IN 2011" 


(Metric tons, unless otherwise specified) 


racc Wee I Ua e = EE c ей 


Gross Contained 
Country weight weight Value 
Metal— Continued: 

Other silicon— Continued: 
Hong Kong 1,460 1,410 $2,180,000 
Japan 4,620 4,450 17,200,000 
Korea, Republic of 993 964 1,750,000 
Malaysia 501 487 1,440,000 
Taiwan 435 422 1,020,000 
United Arab Emirates 100 97 332,000 
United Kingdom 364 353 921,000 
Other (24 countries) 292 283 637,000 
Total 13,800 13,400 44,900,000 
Total silicon metal 79,500 78,900 2,640,000,000 


"Estimated. XX Not applicable. 

'Countries listed are the leading importers in terms of year-to-date quantities 
(gross weight). 

Рава are rounded to no more than three significant digits; may not add to totals 
shown. 


Source: U.S. Census Bureau. 
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TABLE 6 
U.S. IMPORTS FOR CONSUMPTION OF FERROSILICON AND SILICON METAL 
IN 20112 


(Metric tons, unless otherwise specified) 


Gross Contained 
Country weight weight Value 
Ferrosilicon: 
55%-80% silicon, more than 3% Ca: 
Belgium 23 14 $85,300 
Brazil 4,830 2,920 13,300,000 
China 2,600 1,900 3,970,000 
France 490 305 1,300,000 
India 36 27 84,700 
South Africa 40 24 33,300 
Spain 71 47 192,000 
Vietnam 206 154 287,000 
Total 8,300 5,390 19,300,000 
55%—80% silicon, other: 
Brazil 845 629 1,580,000 
Canada 11,800 8,610 30,500,000 
China 55,600 41,800 86,600,000 
France 2,450 1,750 6,400,000 
Germany 707 512 3,610,000 
Iceland 4,000 1,480 5,690,000 
Russia 85,100 64,700 134,000,000 
South Africa 1,500 1,050 2,660,000 
Ukraine 1,270 974 2,040,000 
Venezuela 21,100 16,100 32,500,000 
Other (6 countries) 1,290 955 2,450,000 
Total 186,000 139,000 308,000,000 
80%-90% silicon: 
Canada 5 4 11,100 
Germany 171 138 388,000 
Total 176 142 399,000 
More than 90% silicon, Denmark 21 19 23,100 
Magnesium ferrosilicon: 
Argentina 894 402 2,160,000 
Brazil 1,070 493 2,470,000 
Canada 11,300 5,140 23,100,000 
China 880 407 1,830,000 
France 345 164 530,000 
Germany 96 46 258,000 
Iceland 1,030 479 2,230,000 
Japan 31 14 192,000 
Korea, Republic of 133 60 277,000 
Norway 757 399 915,000 
Other (1 country) (3) (3) 3,620 
Total 16,500 7,610 34,000,000 
Other ferrosilicon: 
Brazil 118 29 158,000 
Canada 8,030 2,010 10,600,000 
China 14,000 2,020 9,490,000 
France 28 14 75,000 
Poland 57 29 119,000 
Total 22,300 4,110 20,500,000 
Total ferrosilicon 233,000 156,000 383,000,000 
Metal: 
More than 99.99% silicon: 
Canada 293 XX 10,600,000 
China 156 XX 9,770,000 
Germany 2,650 XX 192,000,000 
Italy 297 XX 21,700,000 
Japan 402 XX 38,900,000 
224 XX 11,900,000 


Korea, Republic of 
See footnotes at end of table. 
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TABLE 6—Continued 
U.S. IMPORTS FOR CONSUMPTION OF FERROSILICON AND SILICON METAL 


IN 20112 


(Metric tons, unless otherwise specified) 


асы с = EE 
Country weight weight Value 
Е аар Бы = 


Моге |ћап 99.99% silicon—Continued: 


Malaysia 13 xx $358,000 
Norway 142 XX 6,610,000 
йы = сы 82 хх 7,330,000 
Taiwan 121 XX 6,190,000 
__Офег (16 counties). зоо 37 XX 5,160,000 
Total 4,420 4,420 * 311,000,000 
99.00%-99.99% silicon: 

Australia 9,100 9,050 30,600,000 
Brazil 53,900 53,400 170,000,000 
Canada 10,300 10,200 28,600,000 
France 2,010 1,990 7,040,000 
ies. =т= 355 6 462,000 
СТАЕ esee ын 1,890 1.880 3,990,000 
ie. о eee 9.130 9.040 40,400,000 
Е Г: = 36,000 35,700 114,000,000 
An Ss 6,330 6,300 21,700,000 
Е =.= == 7,390 7,360 20,000,000 
Other (5 countries) 482 444 1,860,000 
_oter silicon: eee 
Australia 1,910 1,660 5,940,000 
Brazil 25,800 25,200 78,000,000 
Т > = гаа 13,300 13,000 31,700,000 
Оа Е 673 624 1,420,000 
ЕУ 3,390 3,310 9,970,000 
__Gemany — — — 483 466 642,000 
HEC наа 361 219 926,000 
Noway e 1,800 1,720 3,490,000 
hama ее 300 295 1,040,000 
еа арра = 121 118 332,000 
___Отег (7 countries) С 295 283 922,000 
BRE C Е ыйык с ___48.400 46900 134,000,000 


48,400 46,900 ee 
__ Total silicon metal ^  —  — —— 190,000 187,000 884,000,000 
“Estimated. XX Not applicable. 


Countries listed are the leading exporters in terms of year-to-date quantities. 
Data are rounded to no more than three significant digits; may not add to totals shown. 
Less than % unit. 


Source: U.S. Census Bureau. 


TABLE 7 
SILICON MATERIALS: FINAL ANTIDUM PING DUTY RATES ASSESSED IN 2011 


(Listed in order of date assessed) 


Imported Country Period of Producer and 
Date material of origi i ieati duty rate 
Е — gin investigation | Co., Ltd. (3.3 
E ebruary | | Silicon metal China 6/1/08 — 5/31/09 Shanghai Jinneng International Trade Со. 
Amended final re 


. 3 - vos : of the U.S. 
sult of an antidummping duty administrative review by the International Trade Administration 


Department of Commerce. 


Source: Federal Register. 
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TABLE 9 


1,2,3 
FERROSILICON AND SILICON METAL: WORLD PRODUCTION, BY COUNTRY 


(Metric tons, gross weight) 


2010 201!" 
Commodity and country 2007 2008 2009 TW YI: 


Australia, silicon metal* 
Bhutan, ferrosilicon? 


* à .е, 5 
Bosnia and Herzegovina:* 


Ferrosilicon 
Silicon тега! 


Total 
Brazil:* 
Ferrosilicon 
Silicon metal 


Total 


EI . . 
Bulgaria, ferrosilicon* 
E oseon 1. 
Сапада:“ 
v PS 


Ferrosilicon 
Silicon metal 


Total 
China:* 
Ferrosilicon 
Silicon metal 
Total 


Egypt, ferrosilicon? 
France:* 
Ferrosilicon 
Silicon metal 
Total 
Germany, silicon metal 
Iceland, ferrosilicon 
India, ferrosilicon? 
Iran, ferrosilicon‘ 
Kazakhstan: 
Ferrosilicon 
Silicon metal 
Total 


Laos, silicon metal? ? 
Macedonia, ferrosilicon 


Norway: 
_Ferrosilicon ^ — ————— 
Silicon metal 


Total 
Peru, ferrosilicon* 
Poland, ferrosilicon 
Russia:* 
Ferrosilicon 
Silicon metal 
Total 
Slovakia, ferrosilicon 
Slovenia, ferrosilicon 
South Africa: 
Ferrosilicon 
Silicon meta] 
Total 
Spain 
Ferrosilicon 
Silicon metal 
Total 


See footnotes at end of table. 


0,000 
35,000 35,000 30,000 30,000 М a 
40,313 30,824 90,798 97,528 
— __ 30,824 90,798 97,528 9400 _ 
1,800 
860 640 470 sth ifs 
11,600 12,400 11,000 17, О ЕТ 
a 300050018200 19300 
145,000 
146,000 144,832 6 145,000 ais Du 
133,000 131,940 $ 132,000 132,000 aia 
279,000 276,772 6 277,000 277,00 А 
10,000 6,000 3,000 -- oe — 
6 
6 31,039 
35,000 35,000 25,820 6 36,786 


30,000 

30,000 50,000 30,000 29200 ox 
— 65.00 ^ 85000 5530 66800 6100 — 
mc Amr cc d/h EE Duos ERN L2 dade 


5,300,000 5,400,000 


4,710,000 4,900,000 5,100,000 б 1,400,000 
950,000 980,000 ___ 1,230,000 — 1,300, ШО 90600 
48,000 59,000 78,000 78,0 
— 48000 59000 ою 78000 7800 _ 
59,000 
31,000 30,000 18,300 м 128,000 
120,000 118,000 80,000 l m 187,000 
151,000 148,000 98,300 err 30.134 * 
35,245 29,092 27,620 20 2 120,076 5 
110,000 * 100,000 * 112,993 | ae 105,000 
80,000 92,000 101,337 * pe 45,000 
45,000 45,000 45,000 29; 
813 
59,886 54,964 33,100 ips е 8.000 
+ = = 18,000 
59,886 54,964 33,100 sae 3,000 
== 3,020 7,350 у 56,167 ° 
34,215 42,674 7,657 30,044 
Me Gas и nee RN 
е 200,00 
217,000 * 250,575 207,337 ен = ТОО 
145,782 180,135 169,643 YS De — 370,000 
363,000 * 430,710 376,980 3 go 600 
600 600 600 гө 53,000 
58,538 56,031 __9,685 LES 
0 , 
896,100 5 850,000 745,000 о. 50,000 
54,000 54,000 23,900 re 970,000 
950,000 904,000 769,000 965, i 38,771 * 
8,583 10,844 8,622 TAY 2 
6,000 * =: = 
112,000 
0 
140,000 135,000 110,000 11 o 70,600 
50,000 52,000 39,000 T А 183,000 
190,000 187,000 149,000 174, 
аю 197 O —— ЕЕ 
57,000 
71,000 74,000 44,000 ate 43,000 
32,000 33,000 23,000 er - 100,000 
103,000 107,000 67,000 da " 5.000 
5.000 5.000 5,000 ate 20,000 
E Y , < МА 22,500 , 
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Ww. TABLE 9—Continued 
| FERROSILICON AND SILICON METAL: WORLD PRODUCTION, BY COUNTRY" 23 
(Metric tons, gross weight) 
<] Commodity and country 2007 2008 2009 2010 2011° 
wo Turkey, ferrosilicon? 5,000 4,500 4,000 4,000 4,000 
Ж. Ukraine, ferrosilicon 218,000 152,800 150,300 195,500 150,900 ° 
ыл. <a United States, net production: 
Ferrosilicon 220,000 248,000 194,000 370,000 (7) 
б) Silicon metal W W W W (7) 
"о 3 Total 220,000 248,000 194,000 370,000 437,000 + 59 
ed Uruguay, ferrosilicon® 200 200 200 200 200 
ми, Venezuela, ferrosilicon‘ 94,000 88,000 52,100 76,800 70,000 
и Grand total 8,900,000 9,110,000 9,110,000 10,000,000 10,300,000 '° 
йс Of which: 
Ы p Ferrosilicon 7,310,000 7,430,000 7,300,000 8,040,000 7,770,000 |! 
Silicon metal"? 1,600,000 1,680,000 1,800,000 1,990,000 2,130,000 
— U.S. total silicon materials W W W W 437,000 
ЧЕТ Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data; not included in “Total.” -- Zero. 
: Ју 'World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
a ?Table includes data available through August 23, 2012. 
LS *Excludes semiconductor and solar grades of silicon metal. 
^Exports 
P *Net exports 
uri "Reported figure. 
b | "Withheld to avoid disclosing company proprietary data; included in “Total.” 
n *Includes total ferrosilicon and silicon metal to avoid disclosing company proprietary data. 
"For January 2011, data include ferrosilicon and silicon alloys only. 
"Includes total U.S. net production of ferrosilicon and silicon metal. 
E !'Excludes U.S. net production of ferrosilicon. 
B "Excludes U.S. net production of silicon metal. 
“J 
1 
„ 
4 
J 
} 
| 
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TABLE 10 
SILICON MATERIALS: PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2015"? 


(Metric tons, gross weight, unless otherwise specified) 


Sa a ee ee ee 
Incremental Total 


Projected | | 
des "UL. M 
production Country Project and compan | рго uction produ S | 

рапу Project type capacity capacity roduc 
2011 Australia Simcoa Silicon РІ и: p Г - 
imcoa Silicon Plant silicon plant expansion 16,000 49,000" Si. 
Simcoa Operations Pty., Ltd. 
2011 China Qinghai Wutong Plant ferroalloys plant expansion 25,000 450,000 FeSi. 
Qinghai Wutong (Group) Industry Co., Ltd. 
2011 Russia zat Plant do. 41,400 80,000 №. 
JSC" Kuznetsk Ferroalloys 
2011 South Africa Rand Carbide Plant ferroalloys plant conversion 12,000 • 12,000 Si. 
Silicon Smelters, (Pty) Ltd. 
2011 Thailand Ratchabun Silicon Plant ferroalloys plant expansion 20,000 45,000 Do 
G.S. Energy Co., Ltd. 
2012' China ERDOS Qipanjing Plant do. 50,0007 650,000" Fesi. 
E вые 
2012' Ро. Ferroatlantica Sichuan Silicon Plant new silicon smelter XX 42,000" Si. 
Ganzi Ferroatlántica Silicon Industry Co., Ltd.° 
2012 India Amit Ferroalloys Plant’ new ferroalloys plant xx 19,800 Fesi. 
Amit Ferro-Alloys & Steel Pvt. Ltd. 
2012 Malaysia Banting Silicon Plant new silicon plant XX 50,000 Si. 
Elpion Co., Ltd. 
2012 Sweden Магрбп Alloys Ferroalloys Plant® ferroalloys plant conversion XX 25,000 Fesi. 
Vargón Alloys AB 
2012 Uzbekistan Navoi Silicon Plant new Silicon plant XX 12,000 — Si. 
Uz-Kor-Silicon Dro ee ee REM ui 
2013' Australia Simcoa Silicon Plant silicon plant expansion 16,000 64,000 Do. 
Simcoa Operations Pty., Ltd. 
2013 China Ferroatlántica Sichuan Silicon Plant do. 42,000 =° 84,000 "° Do. 
Ganzi Ferroatlantica Silicon Industry Co., Ltd.° ——— 
2013 Malaysia Pertama Ferroalloys Plant” new ferroalloys plant xx 67,000 Fesi. 
Pertama Ferroalloy SDN BHD 
2013 Russia Bratsk Ferroalloy Plant ferroalloys plant expansion 34,800 122,000 1. 
Mechel ОАО aa ЧАИР А d 
re 
2013 Do. Chelyabinsk Electrometallurgical Integrated do. 300,000 600,000 ^* 00. 
Plant 
Chelyabinsk Group 
2013 Do. Yurga Plant do. 70,000 150,000 Do: 
JSC? Kuznetsk Ferroalloys TE 
2014 China Ferroatlántica Sichuan Silicon Plant silicon plant expansion 44,000 * 128,000 ^* 5t. 
Ganzi Ferroatlántica Silicon Industry Co., Ltd.^ DUM TET E ee 
2014* Malaysia Asia Cement Silicon Plant new silicon plant XX 33,000 | 
Asia Cement Со. Do 
2014 Do. Banting Silicon Plant silicon plant expansion 50,000 100,000 i 
Elpion Co., Ltd. "ome = 
— 204 = Do Pertama Ferroalloys Plant” ferroalloys plant expansion 45,000 112,00 
_ Репата Ferroalloy SDN BHD р ND. 
2014 Ро Sarawak Ferroalloys Plant'? new ferroalloys plant XX 150, 
OM Materials (S) Pte Ltd. (80%) and Cahya 
Mata Sarawak Berhard (20%) Е x xd 
Jl xen RO a. oo c аы ао ааст татава тна аА XX 32,000 5. 
2015 Iceland PCC Silicon Plant new silicon plant 
РСС" BakkiSilicon Do 
MMC EMEN ova DER pe Ат Е ~ Е ee f 00 А 
2015 Ро. Thorsil Silicon Plant do. XX 30 
Thorsil ehf "РА — MP MÓÓM€ 150,000 * 300,000 FeSi. 


Malaysia Sarawak Ferroalloys Plant? new ferroalloys plant 


=> 
od OM Materials (S) Pte Ltd. (8096) and Cahya 

"Estimated. ‘Revised. Do., do. Ditto. XX Not applicable. E 

! Estimated data are rounded to no more than three significant digits. 
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TABLE 10—Continued 
SILICON MATERIALS: PROJECTS SCHEDULED FOR COMPLETION, BY YEAREND 2015! 23 


*Excludes silicon metal containing more than 99.99% silicon. 
Projects in feasibility or later stages of development in 2011. Actual startup dates may be postponed, owing to economic or other factors. Additional 


projects might produce silicon materials by 2015, but not enough information was available to include them. 

^FeSi Ferrosilicon and Si Silicon metal (containing 99.99% or less Si). 

*JSC joint-stock company. 

ФА joint-venture between Grupo Ferroatlantica, S.L. (75%) and Ganzi Perfecture Kangding Sunday Silicon Co., Ltd. (25%). 

"The Amit ferroalloys plant will also have a ferromanganese production capacity of 55,400 metric tons per year (t/yr) and a silicomanganese 


production capacity of 39,600 t/yr. 
ЗОпе 30,000-metric-ton-per-year ferrochromium furnace will be converted to ferrosilicon production. 
?The Pertama ferroalloys plant will have а 175,000-metric-ton-per-year capacity to produce medium- and low-carbon ferromanganese and 


silicomanganese, as well as a 50,000-metric-ton-per-year capacity to produce electrolytic manganese metal. 
Тре Sarawak ferroalloys plant will also have a silicomanganese production capacity of 300,000 t/yr. 


Прето Carbo Chem. 
Sources: Company annual reports, presentations, and press releases; unpublished personal communications; and trade publications. 
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SILVER 


By Deborah A. Kramer 


Domestic survey data and tables were prepared by Jesse J. Inestroza, statistical assistant, and the world production table 
as prepared by Glenn J. Wallace, international data coordinator. 


In 2011, the United States produced 1,120 metric tons (t) 

f silver, which was 12% less than production in 2010. Silver 
vas produced in 11 States in 2011, and Alaska remained the 
ountry’s leading silver-producing State, followed by Nevada 
ind Idaho. Approximately 99% of domestic silver was produced 
rom base-metal ores at 11 mines and from precious-metal ores 
it 14 mines. 

The Handy & Harman price of silver averaged $35.26 per troy 
ounce in 2011, a 75% increase compared with the 2010 average 
price of $20.20 (table 1). The principal reason for the increased 
silver price was investor interest owing to worldwide financial 
instability. 

Traditional use categories for silver included coin and 
medal fabrication; industrial applications, including electrical 
and electronics components; jewelry and silverware; and 
photography. In 2011, global use of silver in all applications 
declined, with the exception of coin and medal fabrication, 
which rose by nearly 19% from that in 2010 (Silver Institute, 
The, 2012, p. 49). Consumption of silver in the United States 
of 6,140 t was slightly lower than that of 2010. High silver 
prices and weak economic growth contributed to the decline. 
Consumption patterns in the United States mirrored global 
consumption patterns with declines in all applications except 
coin and medal fabrication. 

U.S. imports of silver bullion and dore increased by 18%, to 
6,320 t in 2011. The principal import sources of bullion and dore 
were, in descending order, Mexico, Canada, and Poland. Exports 
of silver bullion and dore increased by 17% to 732 t in 2011. 
Principal destinations were, in descending order, Mexico, Japan, 
and Canada. 

In 2011, silver was mined in approximately 55 countries; 
global production was slightly lower than that in 2010. Mexico 
was the leading producer, followed by China, Peru, and 
Australia. The United States ranked ninth in world silver mine 
production in 2011. 


Legislation and Government Programs 


On September 30, 2011, the amount and value of Deep 
Storage and Working Stock custodial silver reserves in the 
U.S. Mint were 498,000 kilograms (kg) with a total market 
value of $487 million at $30.45 per fine troy ounce and a 
statutory value of $20.7 million. As custodian, the U.S. Mint 
is responsible for safeguarding much of the Nation’s gold and 
silver. In accordance with 31 U.S. Code section 5117 (b) and 
31 U.S. Code section 5116 (b) (2), a statutory rate of no less 
than $1.292929292 per fine troy ounce was used to value the 
custodial silver held by the U.S. Mint (U.S. Mint, 2012, p. 39). 
The U.S. Mint’s six facilities are in Denver, CO, Fort Knox, 
KY, Philadelphia, PA, San Francisco, CA, Washington, DC, and 
West Point, NY. 


SILVER—2011 


Fiscal year (FY) 2011 was a record revenue year for the 
U.S. Mint. Revenue from sales of 41.3 million American Eagle 
silver bullion coins increased by 12296 to $1.46 billion. The 
West Point Mint continued to improve its productivity and 
efficiency, which allowed for expanded American Eagle silver 
bullion coin production. In May, the Mint began fulfilling 
orders for American Eagle silver bullion with coins minted at 
the San Francisco Mint; the West Point Mint had been the sole 
producer of these coins for several years. In December 2010, 
the Coinage Modernization, Oversight and Continuity Act of 
2010 (Public Law 111—302) granted the Mint authority to issue 
American Eagle gold and silver coins in qualities and quantities 
the Secretary of the Treasury deems appropriate. This amended 
the bullion program's statutory priority and allowed the bureau 
to make the numismatic versions of American Eagle coins 
available for sale, even as bullion demand remained at record 
highs. Consequently, the Mint was able to offer both 2010 and 
2011 American Eagle gold and silver products for sale in FY 
2011 (U.S. Mint, 2012, p. 2, 13-14, 17). 


Production 


Domestic mine production data were requested from 39 
operations. Of these operations, 36 responded to the U.S. 
Geological Survey (USGS) canvass, representing 100% of U.S. 
mine production listed in table 1. Domestic mine production 
of silver was 1,120 t in 2011, which was 12% less than that in 
2010. 

Silver in the United States was mainly produced as a 
byproduct from gold and base-metal ores, although silver was 
produced as a principal product at Coeur d’Alene Mines Corp.'s 
Rochester Mine, near Winnemucca, in northwestern Nevada. 
The Rochester Mine produced about 44 t of silver in 2011, and 
its proven and probable reserves at yearend were 921 t of silver. 
The company completed construction of a new leach pad and 
related infrastructure in the fourth quarter of 2011 
(Coeur d’Alene Mines Согр., 2012, p. 7). 

The Nevada District Court in Pershing County, NV, issued a 
preliminary restraining order on December 20 that prohibited 
Rye Patch Gold Corp. from entering Coeur d'Alene's active 
mining areas of the Rochester Mine. The restraining order did 
allow Rye Patch to explore some claims, but not those adjacent 
to the mine for safety reasons. The decision came after hearings 
in which Coeur d'Alene Mines admitted to not paying 541 claim 
maintenance fees in areas surrounding the Rochester Mine. 
Legal action was ongoing with a trial expected to begin in 2012. 
The disputed claims may have involved up to 20% of Rochester 
Mine reserves (Coeur d'Alene Mines Corp., 2011a, b; 

Kosich, 2011b). 

Hecla Mining Co.'s Lucky Friday Mine, near Mullan, ID, 

was expected to close at the beginning of 2012 for removal of 
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built-up material in the Silver Shaft, which is the mine’s main 
access shaft. The closure, which was expected to last for 1 year, 
was in response to an investigation by safety inspectors after an 
accident in November that killed two miners and a rock burst in 
December that injured seven (Hecla Mining Co., 201 1a; 20125). 
Silver production at Lucky Friday was 93 t in 2011, about 11% 
less than production in 2010. At yearend, proven and probable 
silver reserves at the Lucky Friday Mine were the highest in its 
70-year history at 1,530 t. Silver production in 2011 at Hecla 
Mining’s Greens Creek Mine on Admiralty Island near Juneau, 
AK, was 202 t, compared with 224 t in 2010. Lower silver ore 
grade and reduced ore volume as a result of sequencing of mine 
production according to the mine plan resulted in decreased 
silver production (Hecla Mining Co., 2012a, р. 7—8, 16). 

Hecla initiated studies to evaluate reopening three closed 
mines that had operated in the past 25 years—the Star Valley 
Mine in the Silver Valley, ID; the San Juan Mine, specifically 
the Bulldog zone, in Creede, CO; and the Hugh zone at Hecla’s 
San Sebastian project in Mexico. These mines were closed when 
silver was less than $10 per troy ounce. Hecla also was working 
n study for its Lucky Friday Mine to 
ibility and was developing plans 
the Greens Creek Mine, which 
d extend the mine’s life 


on a mine optimizatio 
determine mill expansion feas 
to rehabilitate the 29 Ramp at 
could increase silver production an 


(Hecla Mining Co., 201 1b). 
Revett Minerals Inc. produced 40 t of silver from its Troy 


Mine in Montana, a 28% increase from that in 2010. The 
company also reported proven and probable reserves of 387 t 

of silver at yearend. In addition to the Troy Mine, Revett 
Minerals was developing the Rock Creek deposit in Montana. 
Because the property is beneath U.S. Forest Service land and 

in the Cabinet Mountains Wilderness Area, it required both 
Federal and State approvals before it could be developed. Revett 
expected to complete a supplementary environmental impact 
statement in 2012 (Revett Minerals Inc., 2012). 

In July, Sunshine Silver Mines Corp., the new owners of 
the Sunshine Mine in northern Idaho, planned an initial public 
offering to raise money to reopen the mine. The mine was. 
staked in the 1880s and produced silver until 2001. The mine 
briefly returned to production in 2008 before being closed by a 
Federal bankruptcy court in 2009 (Platts Metals Week, 2011). 

In May, Ohio Precious Metals LLC, опе of four major refiners 
of silver, was in the process of doubling its refining capacity in 
Jackson, OH, to meet increased demand. The refinery reportedly 
was unable to keep up with the inflow of silver scrap caused by 
the surge in silver prices. Despite increasing operations to 24 
hours per day. 7 days per week, the refinery reportedly had a 
6-month waiting list and was turning away customers 


(Tang, 2011). 


Consumption 
Fabrication demand for silver in the United States declined 
with that of 2010 to 6,140 t. High silver 


ompared 
ан sin economic growth contributed to the decline 


‘wer Institute, The, 2012, p. 52). | 
Qe and Medal Fabrication.—Approximately 1,490 t of 


ed for coins and medals in the United States in 
ui MS increase from the 1,300 t of silver used in 2010 


68.2 
А 
о ГЕ 


(Silver Institute, The, 2012, p. 23). The increase in coin sales in 
the United States resulted from increased investment in precio 
metals as a result of the sluggish economy and the choice of 
silver instead of gold as an investment because of gold’s even 
higher price. The use of silver in circulating coins has been 
mostly phased out. 

Industrial Applications.— Approximately 3,730 t of silver 
was used in the United States in 2011 for industrial applications 
a 5% decrease from the 3,930 t of silver that was used for those 
applications in 2010 (Silver Institute, The, 2012, p. 54), 

The principal components of industrial demand for silver 
were brazing alloys and solders, catalysts, electrical, electronic 
(including photovoltaics), and other applications. Adding silver 
to the process of soldering (joining metals at less than 600 °C) 
or brazing (joining metals at more than 600 °C) helps produce 
smooth, leak-tight and corrosion-resistant joints. Silver brazing 
alloys were used widely in a variety of applications including a 
conditioning and refrigeration and electric power distribution. 
They also were important in the automobile and aerospace 
industries. 

As a catalyst, silver can be used in the form of mesh screens 
or crystals to produce ethylene oxide and formaldehyde, both of 
which are essential ingredients in plastics. Approximately 90% 
of the silver used as an industrial catalyst was for the production 
of ethylene oxide from ethylene. 

One of silver’s electric applications is in batteries. The 
most common silver oxide battery was the small button-cell 
battery used in calculators, cameras, hearing aids, toys, and 
watches, which contains about 35% silver by weight. Because 
of environmental and safety concerns, silver oxide batteries 
also were beginning to replace lithium-ion batteries in mobile 
phones and laptop computers. Silver-zinc batteries featured a 
water-based chemistry and contained no lithium or flammable 
liquids. Some larger silver-oxide and silver-zinc batteries were 
used in military applications. Silver also was used in conductors, 
contacts, fuses, switches, and timers. 

Silver membrane switches were used in buttons 
such as computer keyboards, microwave ovens, telephones, 
televisions, and toys. Silver-based inks and films were applied 
to composite boards to create electrical pathways in printed 
circuit boards. Silver-based inks also were used in radio 
frequency identification (RFID) tags used in hundreds of 
millions of products to prevent theft and allow easy inventory 
control. Silver paste was used in 90% of all crystalline silicon 
photovoltaic cells, the most common type of solar cell; this has 
been a growth market in the United States for the past several 
years. | 

Dental amalgam, although in declining use because of its 
mercury content, may contain 34% to 38% silver | 
(Lawrence, 1995). Owing to silver’s antibacterial properties, 
silver also was used in such products as clothing, laundry 
machines, shoes, and toothbrushes. Silver embedded in 
locker room surfaces was used to reduce staph infections, an 
silver-based disinfectants have been introduced as a low-cost 

i wre . . ters and food 
environmentally sensitive option for use in care cen 
processing facilities. 
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led to increased production and lower costs (Coeur d’Alene 
Mines Corp., 2012, p. 2, 6). Production at Pan American Silver’s 
San Vicente Mine of 97 t in 2011 was a 3% increase from 2010 
production (Pan American Silver Corp., 2012b). 
Canada.—Alexco Resource Corp. began commercial 

operation on January 1, at its 100% owned Bellekeno silver- 
Jead-zinc mine and mill complex in the Keno Hill Silver 
District, Yukon Territory. Commissioning of the Bellekeno 
flotation plant and underground mine was completed at the end 
of December with both the mine and mill operating at initial 
design throughput of 250 metric tons per day (t/d) of ore for 30 
days. In 2011, Alexco produced 63 t of silver in 2011 from the 
Bellekeno Mine and was developing other mines їп the district 
(Alexco Resource Corp., 2011; 2012). 

Copper Mountain Mining Corp. started concentrate 
production at its Copper Mountain Mine in southern British 
Columbia on June 30. By yearend, the mine had produced 5 t of 
silver in addition to its principal product, copper. In 2012, silver 
production was expected to be 18 to 19 t (Copper Mountain 
Mining Corp., 2012). 

Chile.—Silver production was about the same as that in 2010, 
although production at BHP Billiton’s 57.5%-owned Escondida 
mine decreased by 30% to 119% mainly because of lower ore 
grade and a -week labor strike during July and August (BHP 
Billiton Ltd., 2012, p. 2; Reuters, 2012). Offsetting some of the 
decrease was the restart of Mandalay Resources Corp.’s Cerro 
Bayo Mine that had been purchased from Coeur d’Alene Mines 
in 2010. The Cerro Bayo Mine produced 41 t of silver in 201! 
(Mandalay Resources Corp., 2012, p. 19). 

China.—Silver production from China; the world’s second 
ranked silver producer, increased by 6% to 3,700 t in 2011. 
Silver was produced mainly as a byproduct of copper or lead 
and zinc mining. Silvercorp Metals Inc., the leading silver | 

producer in China, operated several silver-lead-zinc properties, 
projects, and mines in China and one property in northern 
British Columbia, Canada. Production from the company was 
173 t, a 4% increase from production in 2010. The increase 
resulted from acquisition of the BYP and XBG Mines in Henan 
Province and greater mine br " throughputs (Silvercorp 
2a, p. 4; b, p. 14). 

pore 1 Е ^ Hunan South Rare Precious Metals Exchan ge 
began trading in China’s Hunan Province, with bismuth, indium, 
silver, and tellurium as the first products listed. Because of its 

ilver reserves, the county of Yongxing, where the exchange was 
а was known as the silver capital of China and accounted 
for approximately one-fourth of China’s total annual silver 
production of 2,050 t (Kosich, 201 1a). — 

Silver exports from China were expected to decline in 


demand from domestic investors was expected to surge. 
n tement from China's Ministry of Commerce, 


ing to a sta | 
регул quotas were reduced by 5%, which amounted to 
a decrease of 280 t from its 2011 export quota of 5,670 t 


011). l | 
јин бд production from Goldcorp Inc.’s Marlin 
й ly silver-producing mine, increased by 


i ountry’s on : | 
ME in 2010 mainly because of a 26% increase in 
ки ртаде. The company also began shifting to underground 


‘ning from open pit mining. The transition was expected to 
min 
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be completed in 2012, and silver production at the mine was 
expected to decrease (Goldcorp Inc., 2012, p. 54-55). 

India.—Hindustan Resources Inc. (a subsidiary of Vedanta 
Resources plc) commissioned a 350-metric-ton-per-year silva 
refinery in the fourth quarter and was ramping up productiond | 
its silver-rich Sindesar Khurd zinc mine. Silver production of 
154 t for the last three quarters of 2011 was 19% higher than 
that of the comparable period in 2010 (Vedanta Resources p, 
2012). 

Kazakhstan.—Kazakhmys plc's silver production of 408t 
was 7% less than that of 2010. Reduced output from declining 
grades at the mature mines in the Zhezkazgan complex was 
partially offset by output from the reopened Akbastau mine 
in the Karaganda region. Silver production declined at the 
Artemyevsky mine, but by less than the company had projected, 
as the modernization of the backfill cement plant allowed avc 
to higher silver grade sections of the ore body (Kazakhmys pk, 
2012, p. 5). 

Mexico.—In 2011, Mexico was the world’s leading producer 
of silver, but silver production was about 6% lower than that in 
2010 (table 8). Fresnillo plc's newest mine, Saucito Mine, began 
operating in the first half of 2011. The mine was adjacent to the 
company’s Fresnillo Mine, the world’s leading primary silver 
mine, near Zacatecas. Production at Saucito was 1841 of silver 
in 2011. The mine was projected to have an annual production 

capacity of 310 t of silver by 2014, and produce gold, lead, 
and zinc. In 2011, the Fresnillo Mine produced 942 t of silver, 
16% less than production in 2010 mainly because of lower ore 
grades. Fresnillo’s three additional mines in Mexico produced 
61 t of silver. The company’s proven and probable reserves were 
estimated to be 12,500 t of silver at yearend, most of which wete 
at the Fresnillo Mine (Fresnillo plc, undated). 

Coeur d’Alene’s Palmarejo Mine completed its second full 
year of production in 2011 with silver production of 2811. The 
company spent $13 million on exploration at the Palmarejo 
District in 2011 to discover new silver and gold mineralization 
and define additional ore reserves. Palmarejo’s proven and 
probable silver reserves were 1,770 t at yearend (Coeur d'Alee 
Mines Corp., 2012, p. 5). Pan American Silver operated the 
Alamo Dorado open pit and La Colorada underground mines, i 
with a combined production of 298 t of silver in 2011. ш 
production т 2012 was 285 to 3001 (Рап Атепсап Silver Cop. 
2012c, р. 13—18). 

Goldcorp Inc. produced 592 t of si 
in its first full year of operation, a 3776 
in 2010 (Goldcorp Inc., 2012, p. Ж 

In its first full year of operation, 
Aguila project i Oaxaca produced 68 t of silver. The ou 
was implementing improvements to its mill, including. 7 
installation of additional cleaner cells in the flotation circu 
and the installation of a third filter press. Mill оре " 
continued as Gold Resource ramped up daily ore im | 
an average of 900 t/d for 2012 (Gold Resource ue 

In July, SilverCrest Mines Inc. achieved о А 

. г 0 Elena Mine in Sonor. , 
production at its 100%-owned Santa be 2012 during 
The first full year of production was expected to ED? 
which the mine was expected to produce 15 t of 2 ne T 
2016, the company expected to increase silver produ 


Iver at Из Pefiasquito Mine 
increase from production 


old Resource Corp. 5 El 
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TABLE 1 


SALIENT SILVER STATISTICS! 
2007 2008 2009 2010 2011 
United States: 
Mine production: 
Quantity metric tons 1,280 1,250 1,250 1,280 1,120 
Value thousands $554,000 $600,000 $588,000 $829,000 $1,270,000 
Refinery production: 
Domestic and foreign ores and concentrates metric tons 791 779 796 819 790 
Scrap (old and new) do. 1,130 1,210 1,340 1,330" 1,710 
Exports: 
Ore and concentrate do. 16 130 122 82 172 
Bullion and dore do. 711 507 297 627 732 
Waste and scrap do. 238 2,570 2,480 3,760 4,450 
Imports for consumption: 
Ore and concentrate kilograms 381 32 87 3,230 84,200 
Bullion and доге metric tons 4,760 4,430 3,450 5,370 6,320 
Waste and scrap do. 3,420 5,190 4,760 6,510 " . 8,820 
____ Ма and serap жд 
Stocks, December 31: 
Industry do. 70 ' 153" 150" 123" 150 
. Industry | — — o 00. ЛЖ о Б—___--—-—= 
Futures exchanges do. 4,120 3,970 ' 3,500 ' 3,250 ' 3,650 
. Futures exchanges ___ RAN 
U.S. Department of the Treasury do. 220 220 220 220 220 
Price, average” dollars per troy ounce 13.41 15.00 14.69 20.20 ae 
т 
Employment, mine and mill workers? (LA AE 710 г Us r 300 ° 
World, mine production metric tons 20,800 21,400 22,200 23,800 23, 
“Estimated. ‘Revised. do. Ditto. 
'Data are rounded to no more than three significant digits, except prices. 
?Price data are the annual Handy & Harman quotations published in Platts Metals Week. | | 
*Employment data are from the U.S. Department of Labor, Mine Safety and Health Administration, for mines classified as silver mines. 
TABLE 2 | 
MINE PRODUCTION OF SILVER IN THE UNITED STATES, BY STATE 
(Kilograms) 
ааа == RS TIT 
зае  — — 209 — $1 11 10 200 — O юг 
Nevada 203,000 224,000 209,000 
Other 1,040,000 1,050,000 913,000 
Total 1,250,000 1,280,000 1,120,000 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
?Includes Alaska, Arizona, California, Colorado, Idaho, Missouri, Montana, New Mexico, South Dakota, and Utah. 
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TABLE 3 
LEADING SILVER-PRODUCING MINES IN THE UNITED STATES IN 2011, IN ORDER OF OUTPUT! 


Rank Mine County and State Operator Source of silver 


| Red Dog Northwest Arctic, AK Teck Alaska Inc. Zinc-lead ore. 

2 Greens Creek Juneau, AK Hecla Mining Co. Zinc-silver ore. 
3  BinghamCanyon Salt Lake, UT — — Кеппесон Utah Copper Corp.” Copper-molybdenum ore. 
4 LukyFrdsy —  Shoson,ID ^ ^ à à HecaMimngCo — м — 
5 баева . о ба Corp. a. . =" c e сш. 
6  Mids — à м . ^ » ^» NewmotMinigCop Gold ore, 
7 Rochester Pershing, NV 01  Coeud' Alene МШЕ Ср. мый ш 
8 Mission Complex _______РшљА; —— — ( ASARCOLC — С _____ 
о . Toy . мм п RewtüMiemkhlo,  .— м __ 
10. . Phoenix „айу — à. МЕС s Gold-copper ore. —— 1. 
11 Нустоћ Humboldt and Pershing, NV Allied Nevada Gold Corp. Do. 
2 Bagdad Yavapai AZ  _ PreportMcMoRen Copper God ue. oe 
14 Continental Pit Silver Bow, MT Montana Resources Do. 

15 Hollister Elko, NV Great Basin Gold Ltd. Gold ore. 

16 Denton-Rawhide Mineral, NV Rawhide Acquisition Holdings Do. 

17 Carlin Mines Operations" Elko, Eureka, Humboldt, Newmont Mining Corp. Do. 
ee RIN ee 
18 Morenci Greenlee, AZ Freeport-McMoRan Copper & Gold Inc. Copper-molybdenum ore. 

19 Smoky Valley Common Nye, NV Kinross Gold Corp. Gold ore. 
Operation, = 
21 Еау Pinal, AZ ASARCO LLC? Соррегог. _____- 
23 Creson Telm CO АИ о 
24 Florida Canyon Pershing NV — а 
5 Fletcher Reynolds, МО ое Run Resources Corp, М 
Do., do. Ditto. 


‘тһе mines on this list accounted for more than 99% of U.S. mine production in 2011. 


?Wholly owned subsidiary of Rio Tinto plc. 

3Wholly owned subsidiary of Grupo México, S. A.B. de СМ. 

*includes Carlin East, Deep Post, Gold Quarry, Lone Tree, Mule Canyon, Pete, Rain/Emigrant, and Twin Creeks Mines. 
5Wholly owned subsidiary of Goldcorp Inc. 

$Includes Storm Mine. 
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TABLE 8 
SILVER: WORLD MINE PRODUCTION, BY COUNTRY"? 


(Metric tons) 


Country 2007 2008 2009 2010 2011* 
Algeria (3) (3) (3) (3) (3) 
Argentina 256 356 533 ' 723" 700 
Armenia 37 40 53 68 75 
Australia 1,879 1,926 1,635 1,864 15709: 
Bolivia 525 1,114 1,326 1,259 1,214 * 
Brazil? 36 36 35 37 ' 37 Р. 
Bulgaria" 55 55 55 55 55 
Burma (3) -- (3) -- -- 
Сапада 860 728 631 596 572 4 
Chile 1,936 € 1,405 1,301 ја: 1,291 4 
China* 2,700 2,800 2,900 3,500 3,700 
Colombia 10 9 || 15 24 4 
Congo (Kinshasa) 76 34 -- 6' I0 * 
Ecuador" (3) 4 (3) 4 (3) (3) (3) 
Ethiopia 1 3 | 2" 2 
Finland* 50 76^ 70 70 70 
France* l l l -- -- 
Ghana 3 3 4 qc 4 
Greece" 26 * 28 * 30 30 30 
Guatemala 88 100 128 195° 273^ 
Honduras 54 60 49 48 * 48 
India 82 96 95 92 94 4 
Indonesia 269 226 359 ' 2722 275 * 
nf... = 20 15 15 15" 15 
Ireland” 4 4 4 4 4 
Italy” í (3) (3) (3) (3) (3) 
Јарап 5 2 2 | 44 
Kazakhstan 723 646 618 551 645 4 
Korea, North® 20 20 20 20 20 
Korea, Republic of 1 1 МА ' МА ' МА 
Malaysia (3) (3) (3) (3) (3) 4 
Mexico 3,135 3,236 3,554 4,411 4,150 4 
Mongolia 20 20 20 29° 30 
Morocco’ 195 190 195 195 190 
Мат а“ 30 30 30 30 30 
New Zealand 11 18 14 16 ' 16 
‘Nicaragua 3 4 4 7° 7 
Oman (3) (3) (3) (3) (3) 
Papua New Guinea 49 48 55 50 * 50 
Peru 3,494 3,686 3,854 3,640 3,414 4 
Philippines 28 14 34° 41 42 
Poland 1,199 1,161 1,207 1,18] 1,167 4 
Portugal СВОИ oe 24 29 22 24 ' 24 P. 
Romania‘ 18 18 18 18 18 
Russia 911 1,132 1,313 1,356 ' 1,350 
Saudi Arabia 9 8 9r gr 8 4 
Serbia‘ | 2T 2! 4 54 5 
South Africa ЩЕ 70 75 78 79 84 
Spain 3 3 4 a? 4 
Sudan "cru "у ЗЫ 2 ss (3) || d 
Sweden | 270 4 265 ^ 265 270 270 
Tajikistan cm "es 3 3 3 3 3 
Tanzania ——— _ Е 12 10 8 12" 13 
шу ___ 198 294 352 350 * 350 
United States didt as 1,280 1,250 1,250 1280 Ato — 


See footnotes at end of table. 
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TABLE 8—Continued 
SILVER: WORLD MINE PRODUCTION, BY COUNTRY"? 


(Metric tons) 


Country 2007 2008 2009 2010 2011“ 
78 75 53 59 65 


Zimbabwe" (3) " (3) " (3) T (3): 0) 
Total 20,800 21,400 22,200" 23,800" 23,300 
"Estimated. "Preliminary. ‘Revised. МА Not available. -- Zero. 
an totals, U.S. data, and estimated data have been rounded to no more than three significant digits; may not add to totals shown. 
Recoverable content of ores and concentrates produced unless otherwise specified. Table includes data available through August 19, 2012. 
3Less than М unit. 


‘Reported figure. 
Stncludes the following quantities, in kilograms, indentified as secondary silver: 2007—32,000; 2008-09— 32,500; 2010—32,500 (estimated); 


and 2011— 32,500 (estimated). 
SIncludes production from imported ores. 
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SLAG—IRON AND STEEL 
By Hendrik G. van Oss 


А total of about 15.4 million metric tons (Mt) of iron and steel 


-- — Slag was sold by U.S. slag processors in 2011, down by about 


X ч Й 
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3% from total sales in 2010 (table 1). The value of slag sales 
decreased by about 4% to an estimated $257 million overall. 

Slagging agents and fluxes (chiefly limestone or dolomite 
and silica sand) are added to blast furnaces and steel furnaces 
to strip impurities from iron ore, steel scrap, and other ferrous 
feeds. The slag thus formed is a silicate melt that floats on top 
of the molten crude iron or steel and is tapped from the furnace 
separately from the liquid metal. After being cooled by various 
means to solid form, the slag is processed and may then be 
sold or, in some cases, returned to the furnace. Most types of 
processed slag have much lower unit values than do iron and 
steel (metal) and, for this reason, iron and steel companies 
generally contract with outside slag-processing companies to 
cool the slag and to remove it. The financial arrangements for 
this vary, but typically the processing company receives the slag 
for free, crushes it to various marketable sizes, uses screens and 
magnetic separators to recover entrained metal from the slag 
(metal to be returned to the furnace for a low charge), sells the 
slag on the open market, and pays a small percentage of the 
net slag sales revenues or profits to the iron or steel company. 
Slag can be returned to the furnaces for use as flux and as a 
supplemental source of iron, but despite having a value, this 
return flow is commonly not included in the tonnages of slag 
reported as sold. 

A listing of slag processors, processing sites, slag types, and 
the iron and steel companies serviced is provided in table 4. 
Apparent duplication at some sites is because processing 
contracts may have been transferred to other companies during 
the year and it is common for integrated iron and steel plants to 
have processing or marketing contracts with different companies 
for different slag types produced at the plant. In some cases, the 
slag is cooled by one company but is then further processed or 
marketed by another company or at another site. 


Legislation and Government Programs 


Consumption of slag for construction is influenced by Federal 
and State programs that affect construction spending levels, 
encourage the use of “alternative” materials in construction, 
and that may affect the availability of competing “alternative” 
or natural materials. Slags are considered to be “sustainable” 
raw materials mainly because they can substitute directly or 
indirectly for virgin raw materials (for example, for natural 
Stone aggregates in concrete and for natural raw materials 
in cement manufacture), or, in the specific case of ground 
granulated blast furnace slag (GGBFS), can partially substitute 
for clinker in finished cement or for portland cement in concrete. 
With respect to clinker manufacture, substitution of slags 
for natural raw materials can reduce the unit consumption of 
fuel and limestone in the kiln, which then reduces the overall 
and unit emissions of certain pollutants, most notably carbon 
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dioxide. Use of granulated blast furnace slag [either GGBFS, 
or unground material (GBFS)] in the finish mill allows more 
finished cement to be made from the same amount of clinker. 

The future viability of some cement plants may be in jeopardy 
as a result of the very low limits for emissions of mercury, total 
hydrocarbons, hydrochloric acid, and particulates, set forth in 
a 2010 final rule within the National Emissions Standards for 
Hazardous Air Pollutants (NESHAP); various amendments to 
the 2010 rule, including an extension to September 2015 of 
the rule's 3-year compliance deadline, were proposed (U.S. 
Environmental Protection Agency, 2010b; 2012). Should plants 
close as a result of the NESHAP, the supply of domestically 
produced cement on the U.S. market would be reduced and 
likely could not be entirely offset in some markets by increased 
cement imports. This has the potential to increase demand for 
alternative or supplementary cementitious materials (SCM) such 
as GGBFS and fly ash. Also, the NESHAP likely would make 
fly ash (typically relatively high in mercury) less attractive as an 
alternative raw material for clinker manufacture and thus might 
increase demand for slag for this purpose. 

The U.S. Environmental Protection Agency issued a 
proposed rule evaluating the reclassification of coal combustion 
byproducts, including fly ash, as hazardous waste for landfill 
disposal purposes but not for beneficial use purposes (U.S. 
Environmental Protection Agency, 2010a). Were even a 
limited designation as hazardous waste to stigmatize fly 
ash, construction market demand for this material might fall 
significantly. It remained unclear if the supply of GGBFS 
and other SCM would be adequate to fill the fly ash void, and 
this availability issue might work against efforts to promote 
increased use of these materials. 


Production 


The amount of slag tapped from the furnaces is not routinely 
measured and not all of the slag formed is tapped during a heat; 
accordingly, data on annual production of slag are generally 
unavailable. However, output levels can be broadly estimated 
based on typical slag to metal production ratios, which in 
turn are related to the chemistry of the ferrous feeds to the 
furnaces. For typical iron ore grades (60% to 66% iron), a 
blast furnace normally will produce about 0.25 to 0.30 metric 
tons (t) of slag per metric ton of crude or pig iron produced. 
For ores of lower than average grade, the slag output will be 
higher, in some cases as much as 1.0 to 1.2 t of slag per ton of 
crude iron. Steel furnaces typically produce about 0.2 t of slag 
per ton of crude steel, but up to 5096 of this slag is entrained 
metal, most of which would likely be recovered during 
slag processing and returned to the furnace. The amount of 
marketable steel slag remaining after entrained metal removal 
is thus usually equivalent to about 1096 to 15% of the crude 
steel output. Using these ratios and data for U.S. and world 
iron and steel production from the American Iron and Steel 


a. 
=, — 


Institute (2011, р. 121—126), U.S. blast furnace slag production 
in 2011 was estimated to be in the range of about 8 to 9 Mt, and 
world output, 263 to 328 Mt. Similarly, U.S. output of steel slag 
(after metal removal) in 2011 was estimated to be 9 to 13 Mt, 
and world output, 149 to 223 Mt. Estimated production of slag 
commonly will differ from total sales of slag (table 1) because 
of a combination of undocumented returns of slag to the 
furnaces, stockpiling of slag by the processors, and sales from 
stockpiles. Stockpiles include old slag banks from iron and steel 
plants long-since closed. 

The commercial uses for ferrous slag are determined mainly 
by how the slag is cooled. Marketed blast furnace slags are 
of three main types—air-cooled, granulated, and pelletized 
(or expanded). Air-cooled blast furnace slag is formed by 
allowing the molten slag to cool relatively slowly under ambient 
conditions; final cooling can be accelerated with a water spray. 
Although it can have a vesicular texture with closed pores, _ 
the air-cooled slag is hard and dense and is especially suitable 
for use as construction aggregates. Formation of GBFS is by 
quenching molten slag in water to form sand-sized particles of 
glass. The disordered structure of this glass gives the material 
inherent moderate hydraulic cementitious properties when 
the slag is very finely ground (GGBFS), and the cementitious 
properties become strong if the material accesses free lime 
during hydration. In concrete having a proportion of GGBFS 
in the mix, hydration of portland cement releases the lime 
needed to fully activate the slag. Concretes incorporating 
GGBFS generally develop strength more slowly than concretes 
that contain only portland cement but can have similar or 
even superior long-term strength, release less heat during 
hydration, have reduced permeability, and generally exhibit 
improved resistance to chemical attack. Pelletized or expanded 
slag is cooled through a water jet, which leads to rapid steam 
generation and the development of innumerable vesicles within 
the slag, which itself is glassy. The vesicles reduce the overall 
density of the slag and allow for good mechanical binding 
with hydraulic cement paste. This slag type is most commonly 
used as a lightweight aggregate, but if very finely ground, it 
can have cementitious properties similar to those of GGBFS. 
Blast furnace slag (generally air-cooled) also can be made 
into mineral wool. For this purpose, slag is remelted and then 
poured through an air stream or jet of steam or other gas to 
produce a spray of molten droplets; alternatively, the droplets 
can be formed by passing the melt through a perforated or fast 
spinning disc. The droplets elongate into long fibers that are 
collected and layered, and this material is suitable for use as 
thermal insulation. 

Steel furnace slag is cooled similarly to air-cooled blast 
furnace slag, has similar properties to it, and is used for some 
of the Same purposes. Steel slags containing large amounts of 
dicalcium silicate are prone to expansion and commonly are 


cured in piles for several months to allow for the expansion and 
for leaching out of lime. 


Consumption 


Data in this report are based on an annual U.S. Geological 
Survey (U SGS) canvass of slag processors and importers 
and pertain to sales of processed slag, not the amount of slag 
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produced or even processed during the year. Processed slag 
is sold from stockpiles and although most of the materials 

a byproduct of current or recent iron and steel output oris of 
imported material, some slag sales аге of material mined frm 
old slag piles (slag banks) produced by iron and steel plants 
now closed. In 2011, canvasses were sent to 25 companies, 
covering 134 processing and (or) importation sites, and at eas 
partial data (some within consolidated responses) were received 
for 131 sites; the reported data accounted for 98% of the to 
2011 iron and steel slag tonnage for the year in table 1. 22010 | 
canvasses were sent to 24 companies, covering 138 sites, aud 
at least partial data were received for 132 sites, accounting for 
98% of the gross tonnage listed for the year. Because respons 
to the USGS canvasses vary greatly in the data detail provided 
and because estimates were made where needed, the data 

in table 1 have been heavily rounded. For both years, data 
on pelletized blast furnace slag have been withheld to avoid 
disclosing company proprietary information, but the quanti 
sold were very small. Sales data for granulated slag in both 
years exclude material sold by importers who as yet do not tat 
part in the USGS canvass. 

The data reported to the USGS for slag sales have | 
traditionally excluded a significant fraction of the slag (bot | 
air-cooled and steel furnace) returned to the furnaces. In 1 
reporting of these furnace returns increased, thus e 
overall sales tonnages for that year. In 2011, the overal | н 
in slag sales included а 0.2 Mt (20%) decline in reported T 
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revealed higher totals for PIERS in recent years, suggesting that 
the Census Bureau data were incomplete. However, the PIERS 
grand total (code 2618.00) in 2011 (1.66 Mt) was lower than 
the grand total from Census noted above. Although similar to 
the adjusted Census total for granulated slag, the PIERS data 
included at least 0.2 Mt of material that was unlikely to be 
granulated slag. 

Census Bureau data for slag exports included many low 
tonnage shipments of very high unit value that were unlikely to 
be slag. Exports having unit values suggestive of granulated slag 
totaled only about 0.03 Mt in 2011. 


Outlook 


Almost all ferrous slag is consumed in the construction 
industry, and future slag sales will depend on construction 
spending levels, especially for public sector projects, perceived 
applicability of slag for specific construction applications, 
and, especially for aggregate applications, general levels of 
slag availability close to the construction projects. Slag sales 
should benefit from Government programs to promote the use 
of recovered mineral components in public sector construction 
projects but may not be able to capture a large share of this 
market because of limited slag availability. Slags are useful 
alternative raw materials for clinker production, and such use 
can reduce a cement plant’s fuel consumption and overall 
emissions of carbon dioxide. Availability of sufficient slag 
near cement plants will continue to be a major determinant of 
demand for this purpose, as will the slag’s chemical suitability. 
Long-term availability is a particular issue for blast furnace 
slag, as all of the U.S. blast furnaces are old, costly to operate, 
and require very expensive periodic major maintenance. The 
furnaces are part of major integrated iron and steel complexes 
that cannot easily financially weather major economic 
downturns and thus are subject to at least temporary closures 
such as were common in 2009. It is likely that the number of 

blast furnaces in operation will decline significantly in the next 
decade. Although blast furnace operations improved in 2010 and 
2011, only 23 of the 27 remaining U.S. blast furnaces operated 
for at least part of 2011. Operational disruptions at the integrated 
complexes also affect the downstream basic oxygen furnaces 
and hence the availability of the steel slag from them; slag 
availability from electric arc furnaces, however, is more assured. 
Steel slag availability for the construction market is further 
constrained at times of high iron ore and scrap steel prices, 


when the steel companies tend to take back more of the slag as a 
ferrous feed to the furnaces. 
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Growing acceptance of GGBFS as a cementitious materal 
should ensure a steady or increasing market share for this 
slag type. However, the supply of GBFS from domestic 
blast furnaces remains severely constrained by the fact that 
granulation cooling at yearend 2011 was installed at only for 
blast furnaces in the United States, and the grinding plant for 
one of these relied on outside sources for about two-thirds oft 
СВЕЗ it consumed. Installation of granulators at other domstt 
blast furnaces is possible but very unlikely; it is expensive a | 
would depend upon the perception of the specific furnace's 
future viability. Furthermore, not all blast furnaces produce 
a slag that is chemically suitable for GGBFS. Thus, future 
increases in GGBFS sales will depend on the availability of 
imported GGBFS or GGBFS ground from imported granules. 

Changes in environmental rules governing the manufacture of 
portland cement and, potentially, the characterization of fyah 
could increase the demand for slag as an alternative raw material 
for clinker manufacture and as an SCM. 
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TABLE 1 
IRON AND STEEL SLAG SOLD OR USED IN THE UNITED STATES 
(Million metric tons and million dollars) 
2010 2011 
Blast furnace slag’ Steel Total iron Blast furnace slag! Steel Total iron 
Air-cooled Granulated Total furnace slag" and steel slag^? Air-cooled Granulated Total furnace slag and steel slag? 
Quantity 4.9 2 ONES 8.3 15.8 5.5 58 50 7.3 15.4 
Маџе“ 37 186 222 45 267 39 179 219 38 257 
“Estimated. ‘Revised. 
‘Excludes expanded (pelletized) slag to protect company proprietary data. The quantities are very small (about 0.1 unit or less). 
?Data may not add to totals because of independent rounding. 
TABLE 2 
SELLING PRICES FOR IRON AND STEEL SLAG IN THE UNITED STATES! 
(Dollars per metric ton) 
2010 2011 
Slag type | Range Average Range Average 
Blast furnace slag: 
Air-cooled 3.34—18.40 7.48 2.20-18.46 7.14 
Granulated” 16.53—102.69 74.51 9.92—107.21 74.25 
Steel furnace slag 0.02—24.25 5.37 0.02—25.53 5.18 
'Data contain a large component of estimates and some respondents provide values only on 
their total sales of a slag type, not value by type of use. Thus, the value ranges shown are 
likely too restrictive. 
*Values are for material reported for use as a cementitious additive in cement or concrete 
manufacture. Material at or near the low end of the range was sold in unground form. 
Sales other than for cementitious use were generally at unit values below the ranges shown. 
TABLE 3 
SALES OF FERROUS SLAGS IN THE UNITED STATES, BY USE! 
(Percentage of total tons sold) 
2010 2011 
Blast furnace slag” Steel Blast furnace slag” Steel 
Use _ Air-cooled Granulated slag Air-cooled Granulated slag 
Ready-mixed concrete 13.4 -- = 11.1 =: = 
Concrete products 4.3 -- -— 5.1 = = 
Asphaltic concrete 17.6 -- 3.6 " 19.3 -- 12.1 
Road bases & surfaces 37.6 4.4 42.5 ' 38.7 4.5 46.8 
Fill 4.7 -- Sy)" 13.3 -- 19.3 
Cementitious material = 95.1 = -- 95.0 -- 
Clinker raw material 0.4 (3) 2.4° 0.8 -- 4.7 
Miscellaneous’ 12.0 0.5 0.3 6.6 0.5 -- 
Other or unspecified” 10.0 -- 18.9" 5.1 (3) 17.1 


"Revised. -- Zero. 


І : А ; 
A number of respondents provide breakouts that represent only the dominant use(s) of their slag; accordingly, the 
minor use categories are likely underreported. The data also incorporate some estimates and thus should be viewed 


as accurate to no more than two significant figures. 


Excludes expanded or pelletized slag; this material is generally sold as a lightweight aggregate. 


?Less than 0.1%. 


"Reported as used for rai Iroad ballast, roofing, mineral wool, or soil conditioner. 
5 . 
Including return to furnaces (likely underreported) and other uses. 
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revealed higher totals for PIERS in recent years, suggesting that 
the Census Bureau data were incomplete. However, the PIERS 
grand total (code 2618.00) in 2011 (1.66 Mt) was lower than 
the grand total from Census noted above. Although similar to 
the adjusted Census total for granulated slag, the PIERS data 
included at least 0.2 Mt of material that was unlikely to be 
granulated slag. 

Census Bureau data for slag exports included many low 
tonnage shipments of very high unit value that were unlikely to 
be slag. Exports having unit values suggestive of granulated slag 
totaled only about 0.03 Mt in 2011. 


Outlook 


Almost all ferrous slag is consumed in the construction 
industry, and future slag sales will depend on construction 
spending levels, especially for public sector projects, perceived 
applicability of slag for specific construction applications, 
and, especially for aggregate applications, general levels of 
slag availability close to the construction projects. Slag sales 
should benefit from Government programs to promote the use 
of recovered mineral components in public sector construction 
projects but may not be able to capture a large share of this 
market because of limited slag availability. Slags are useful 
alternative raw materials for clinker production, and such use 
can reduce a cement plant’s fuel consumption and overall 
emissions of carbon dioxide. Availability of sufficient slag 
near cement plants will continue to be a major determinant of 
demand for this purpose, as will the slag’s chemical suitability. 
Long-term availability is a particular issue for blast furnace 
slag, as all of the U.S. blast furnaces are old, costly to operate, 
and require very expensive periodic major maintenance. The 
furnaces are part of major integrated iron and steel complexes 
that cannot easily financially weather major economic 
downturns and thus are subject to at least temporary closures 
such as were common in 2009. It is likely that the number of 
blast furnaces in operation will decline significantly in the next 
decade. Although blast furnace operations improved in 2010 and 
2011, only 23 of the 27 remaining U.S. blast furnaces operated 
for at least part of 2011. Operational disruptions at the integrated 
complexes also affect the downstream basic oxygen furnaces 

and hence the availability of the steel slag from them; slag 
availability from electric arc furnaces, however, is more assured. 
Steel slag availability for the construction market is further 
constrained at times of high iron ore and scrap steel prices, 
when the steel companies tend to take back more of the slag as a 
ferrous feed to the furnaces. 
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Growing acceptance of GGBFS as a cementitious materal 
should ensure a steady or increasing market share for this 
slag type. However, the supply of GBFS from domestic 
blast furnaces remains severely constrained by the fact tha 
granulation cooling at yearend 2011 was installed at only fot 
blast furnaces in the United States, and the grinding plant fr | 
one of these relied on outside sources for about two-thirds fle | 
GBES it consumed. Installation of granulators at other domesit 
blast furnaces is possible but very unlikely; it is expensiveay | 
would depend upon the perception of the specific furnace’s 
future viability. Furthermore, not all blast furnaces produce 
a slag that is chemically suitable for GGBFS. Thus, future 
increases in GGBFS sales will depend on the availability of 
imported GGBFS or GGBFS ground from imported granules. 

Changes in environmental rules governing the manufactured! | 
portland cement and, potentially, the characterization of fy a 
could increase the demand for slag as an alternative raw materi 
for clinker manufacture and as an SCM. 
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TABLE 1 
VEI IRON AND STEEL SLAG SOLD OR USED IN THE UNITED STATES 
miS 
TN (Million metric tons and million dollars) 
ll ug 
VEN EM 2010 2011 
TNT Blast furnace slag! Steel Total iron Blast furnace slag! Steel Total iron 
ti ла Air-cooled Granulated Total furnace slag" and steel slag" E Air-cooled Granulated Total furnace slag and steel slag? 
civ Quantity 4.9 2.6 7.5 8.3 15.8 5.5 2.5 8.0 7.3 15.4 
Е Value* 37 186 222 45 267 39 179 219 38 257 


мода Estimated. "Revised. 
T 'Excludes expanded (pelletized) slag to protect company proprietary data. The quantities are very small (about 0.1 unit or less). 
inp ay "Data may not add to totals because of independent rounding. 


x3 
EDIT 
du TABLE 2 

gan SELLING PRICES FOR IRON AND STEEL SLAG IN THE UNITED STATES! 

ККЕ 

М (Dollars per metric ton) 

2010 2011 

ЕРЕ Slag type Range Average | Rang Average 

E Blast furnace slag: 

P Air-cooled 3.34-18.40 7.48 2.20-18.46 7.14 

~ ал Granulated” 16.53—102.69 74.51 9.92—107.21 74.25 

222 Steel furnace slag 0.02-24.25 5.37 0.02-25.53 5.18 

= 'Data contain a large component of estimates and some respondents provide values only on 

T their total sales of a slag type, not value by type of use. Thus, the value ranges shown are 

P likely too restrictive. 

и: ^Values are for material reported for use as a cementitious additive in cement or concrete 

Yon manufacture. Material at or near the low end of the range was sold in unground form. 

ae Sales other than for cementitious use were generally at unit values below the ranges shown. 

" 

К 

| ТАВГЕ 3 

|| SALES OF FERROUS SLAGS IN THE UNITED STATES, BY USE! 

(Percentage of total tons sold) 
5 2010 2011 
Blast furnace slag” Steel Blast furnace slag” Steel 
Use Air-cooled Granulated slag Air-cooled Granulated slag 
Ready-mixed concrete 13.4 -- -- 11.1 = = 
Concrete products 4.3 -- -- 5.1 = os 
Asphaltic concrete 17.6 -- 3.6 ' 19.3 -- 12.1 
Road bases & surfaces 37.6 4.4 42.5 ' 38.7 4.5 46.8 
ЕШ 4.7 -- 32.3 € 13.3 -- 19.3 
Cementitious material -- 95.1 -- -- 95.0 -- 
Clinker raw material ______оа у a о  - 47 
Miscellaneous* 12.0 0.5 0.3 6.6 0.5 - 
Other or unspecified? 10.0 2 18.9 ' 5.1 (3) 17.1 
‘Revised. -- Zero. 
! A number of respondents provide breakouts that represent only the dominant use(s) of their slag; accordingly, the 
minor use categories are likely underreported. The data also incorporate some estimates and thus should be viewed 
as accurate to no more than two significant figures. 
^Excludes expanded ог pelletized slag; this material is generally sold as a lightweight aggregate. 
*Less than 0.1%. 
*Reported as used for railroad ballast, roofing, mineral wool, or soil conditioner. 
; Including return to furnaces (likely underreported) and other uses. 
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SODA ASH 


By Dennis 5. Kostick 


Domestic survey data and tables were prepared by Martha L. Jackson, statistical assistant, and the world production table 


was prepared by Lisa D. Miller, mternational data coordinator. 


The U.S. soda ash industry continued to rebound in 2011 after 
experiencing a decline in domestic and export sales caused by 
adverse global economic conditions in 2009 in the major soda 
ash-consuming sectors. The annual average unit value of soda 
ash set a record high in 2011, and soda ash exports increased 
as well, accounting for 51% of total production. The total value 
of U.S. soda ash production was $1.58 billion. World soda 
ash production was estimated at 51.3 million metric tons (Mt) 
(table 1). 

Soda ash, also known as sodium carbonate (Na,CO,), is an 
alkali chemical refined from the mineral trona, or from naturally 
occurring sodium-carbonate-bearing brines (the soda ash from 
both is referred to as natural soda ash) or manufactured from 
one of several chemical processes (the soda ash from this 
process is referred to as synthetic soda ash). 

Soda ash is an important industrial compound used to 
manufacture chemicals, glass, pulp and paper, soaps and 
detergents, and many other familiar consumer products. The 
United States has the world’s largest natural deposit of trona 
and is the world’s second ranked soda ash-producing nation. 
U.S. natural soda ash is extremely competitive in world markets 
because the majority of the world output of soda ash is made 
synthetically, which is usually a more expensive process. 


Production 


Soda ash production and inventory data were collected by the 
U.S. Geological Survey (USGS) from monthly, quarterly, and 
annual voluntary surveys of the U.S. soda ash industry. A survey 
request was sent to each of the five soda ash companies, all of 
which responded, representing 100% of the total production 
data in this report (table 1). 

The United States remained the world’s second ranked soda 
ash-producing nation in 2011 behind China. U.S. production of 
natural soda ash from California and Wyoming was 10.7 Mt in 
2011. Based on about 14.5 million metric tons per year (Mt/yr) 
(16 million short tons per year) of total nameplate production 
capacity, the U.S. soda ash industry operated at 74% of total 
capacity. This capacity utilization rate appears to be low because 
it is calculated partially based on the full nameplate capacity 
of 900,000 metric tons per year (t/yr) (1 million short tons 
per year) for Solvay Chemicals, Inc.’s Parachute, CO, plant; 
816,000 t/yr (900,000 short tons per year) for OCI Chemical 
Corp.’s plant; and 1.18 Mt/yr (1.3 million short tons per year) 
for FMC Corp.’s Granger plant, some of which included 
nameplate capacity idled since 2009. On January 7, 2011, FMC 
announced it would restart its Granger facility at the rate of 
454,000 t/yr (500,000 short tons per year) in June in response 
to strong export sales. The plant restarted in June at which time 
the company announced it would increase the operating rate 
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to 1.09 Mt/yr (1.2 million short tons per year) бу 2014 (FMC 
Corp., 2011с, d). 

Approximately 2.5 Mt/yr of nameplate capacity (2.22 million 
short tons per year), which represented about 14% of total 
industry nameplate capacity, was idled in 2011. This available 
capacity could be brought back online when market conditions 
improve. The U.S. soda ash industry used the term “effective 
capacity” to minimize the effect that “mothballed capacity" had 
on operating rates. This resulted in higher capacity utilization 
percentages. Individual effective capacity data are not publicly 
disclosed. Producers use nameplate capacities to determine 
export allocations set by a U.S. export association, the American 
Natural Soda Ash Corp. (ANSAC). 

The U.S. soda ash industry consisted of five companies 
in 2011—four companies operating five plants in Wyoming 
that produced soda ash from underground trona ore and one 
in California that produced soda ash from sodium-carbonate- 
rich brines. Solvay operated a plant in Wyoming and a plant 
in Colorado, which was mothballed in September 2004 but 
continued sodium bicarbonate production using soda ash 
feedstock from the company’s Wyoming soda ash facility. 

Each of the U.S. companies is either wholly owned or 
partially owned by foreign soda ash-producing companies or 
foreign soda ash consumers. The U.S. soda ash industry was 
62% foreign owned and 38% domestically owned. At yearend, 
the countries and foreign percentage ownership were India, 
21%; Belgium, 19%; Japan, 11%; and the Republic of Korea, 
11% (table 3). 

The U.S. Environmental Protection Agency issued new 
air pollution regulations in March 2011 for new coal-fired 
powerplants. About 20% of these powerplants were expected 
to use dry sorbent injection technology. In response, Tata 
Chemicals (Soda Ash) Partners, Church & Dwight Co., 
and FMC Corp. formed NatronX Technologies to produce 
sodium-base dry sorbents for flue-gas treatment processes at 
coal-fired powerplants. The joint-venture company would invest 
$60 million to construct a 450,000-metric-ton-per-year facility 
by the fourth quarter of 2012 (Tata Chemicals Ltd., 2011). 

The economic distress of the U.S. soda ash industry in 2004, 
caused partially by the emergence of China as a competitor 
in the export market to Asia, led to the passage of the Soda 
Ash Royalty Reduction Act of 2006. Passage of the legislation 
lowered the Federal royalty rate of 6% to 2% for a 5-year period 
for holders of Federal sodium leases prior to the legislation’s 
expiration date of October 11, 2011. An extension of the royalty 
reduction was under consideration at yearend (Abbey, 2011; 
U.S. Department of the Interior, 2011, p. 1—3). 
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Consumption 


The USGS collects soda ash consumption data by end use 
on a quarterly basis from the marketing and sales departments 
of each company. Every effort has been made to categorize 
company sales within the correct end-use sector. Quarterly 
reports are often revised in subsequent quarters because of 
customer reclassifications or other factors. All U.S. soda ash 
companies responded to the quarterly surveys; data represented 
100% of the total reported consumption data found in 
this report. 

In 2011, U.S. apparent consumption and reported 
consumption were nearly identical. Apparent consumption 
of soda ash was 5.22 Mt; reported consumption was 5.15 Mt 
(table 1). Reported consumption and apparent consumption 
do not necessarily correspond because reported consumption 
ig sales reported by producers, whereas apparent consumption 
is the calculated quantity available for domestic consumption 
based on balancing supply (production, imports, and inventory 
adjustments) with external demand (exports). 

When the two types of consumption do not closely 
correspond, the difference is usually attributed toa discrepancy 
in the export data that were used to derive consumption 
statistics. The two sources for export data were the U.S. Census 
Bureau, which reports exports upon departure from U.S. ports, 
and the California and Wyoming soda ash producers, which | 
consider shipments to be exported when their export association, 
ANSAC, takes consignment of the product at the Wyoming 
plant sites. Transit times between the plant and port, which can 
be about 2 to 3 weeks before the cargo 15 actually exported, 
and carryover export inventories contribute to the discrepancy 
between reported and apparent consumption as well. 

In the domestic market, large-volume buyers of soda ash 
were primarily the major glass container manufacturers whose 
purchases were seasonal (more beverage containers are made 
in the second and third quarters for summertime beverage 
consumption). Soda ash sales to the flat glass sector depended 
more on the state of the economy because the leading uses 
of flat glass were in automobile manufacture and residential 
housing and commercial building construction. These two 
major industrial sectors are especially sensitive to changing 
economic conditions, and was glass, 48%; chemicals, 

29%: soap and detergents, 8%; distributors, 6%; flue gas 
desulfurization and other, 3% each; pulp and paper, 2%; and 
water treatment, 1% (table 4). 

Chemicals.—Soda ash is used to manufacture many 
sodium-base inorganic chemicals, including sodium bicarbonate, 
sodium chromates, sodium phosphates, and sodium silicates. 

Glass.—Glass manufacture represented about 48% of 
domestic soda ash consumption as follows: container, 51%; 
flat, 39%; and fiber and other, 5% each. Glass containers are 
made for beverages (beer, carbonated, and noncarbonated 
drinks), chemical and household products, food, liquor, medical 
products, and toiletries and cosmetics. 

Soaps and Detergents.—Detergents were the third ranked 
use of soda ash. Soda ash was used as a builder to emulsify 
oil stains, to reduce the redeposition of dirt during washing 
and rinsing, to provide alkalinity for cleaning, and to soften 
laundry water. In addition, soda ash was a component of sodium 
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tripolyphosphate (STPP), another major builder in detergen 
formulations. Soda ash consumption has been decreasing 
because phosphatic detergents can contribute to eutrophication, 
which is an environmental concern. Many regions of the Nain 
have adopted phosphate limitations or bans, affecting about 
of the U.S. population. 

In response to the environmental concern that cardboard 
detergent packaging contributes to the volume of landfill wast, 
detergent manufacturers changed formulations to make compe 
and superconcentrated products. These reformulations requiri 
sodium silicates and synthetic zeolites, which are made fon 
soda ash. Liquid detergents, which do not contain any soda ah 
competed with powdered detergents and commanded about Sth 
of the household laundry detergent market in 2011. 


Stocks 


Yearend 2011 stocks of dense soda ash in domestic plan 
silos, terminals, warehouses, and on teamtracks amounted to 
283,000 metric tons (t). Producers indicated that a potential 
supply problem could exist if inventories decreased to less la 
180,000 t. Most consumers of soda ash did not have the storag 
facilities to accommodate large quantities of soda ash and had 
rely on suppliers to provide the material on а timely basis. 


Prices 


The annual average value in 2011 for bulk, dense natural sod 


ash, free on board (f.0.b.) Green River, WY, and Searles Valley 


CA, was $147.34 per metric ton ($133.57 per short ton), which 
ear. The value 


was a 15% increase from that of the previous ye s 
is not a “price,” but rather the value of the combined reven 

of California and Wyoming bulk, dense soda ash sold del 
f.o.b. plant basis at list, spot, or discount prices, 01 iri n 
contracts, and for export, divided by the quantity л 
sold. Only merchant soda ash is used to derive the 5s E 
value; therefore, no soda ash for value-added dies Msi 
liquors is included. The list prices quoted in trà ый i 
producers differed from the annual average values 


and by the USGS. 

On June 3, FMC announce fe 
per short ton effective July 1, 2011, or as _ : 
all grades of soda ash and for both bulk an ? 
The company stated the increase was neces EY he business 
increases and to support continued sae: r Y ago persi d 
The new list price for bulk, dense soda A Am merc НС, 
ton (PR Newswire, 2011). Tata Chemica pees He 
followed FMC with a $20 per short pr ^ 
(Tata Chemicals North America Inc., es discat em. 

In September, FMC announced ano it, fof 


rise effective November 1; 201 QU à 
grades of soda ash (FMC Кир, mid package 
raised its list and off-list price 9 (is Chemical 
by $15 per short ton late in the year 
America Inc., 201 16). 


rice increase of $20 
cts allowé of 


kaged p 
“ cos 
to “recover €^ 


d a soda ash p 


Foreign Trade Е 
f U.S. soda ash exponer die expo 
d exclusive «poor 7" 


URVEY MINERAL 


The majority oF ' 
ANSAC, which 15 involve 


U.S. GEOLOGICAL 5 


VW... 
с 98 soda ash, defined as an alkali product designated by the 
"wwemical formula Na,CO,, whether manufactured by brine 


""*zwaporation and purification, Solvay process, trona refining, or 


хц: 
x пи МЗАС is not permitted to ship soda ash to the European Union 


ап шу other means. Under the Treaty of Rome agreement (1958), 


10); however, the members of the U.S. soda ash industry 


"sem эптей another organization for shipping to this region. It is 
мине American-European Soda Ash Shipping Association, Inc. 
stewie ESSA) that is engaged solely in storage, transportation, 


- 
ae ^ Ls 
ү 


id other related logistical and technical support activities 
„2 promote and further its members’ individual commerce in 


ИК: 
= == Ш 


- =- 
1s 


рт 


- oda ash being shipped to the EU. Both ANSAC and AESSA 


__ yere formed as Webb-Pomerene export associations under the 


~  uthority of the U.S. Federal Trade Commission. 


dod. & -— 


РУ ^К 
LIN Ме =: 


"EF 
- ~ — 


о. = 


„вода ash production. For comparison, exports accounted for 


“и = = 


only 5% of U.S. production in 1970, 13% in 1980, 26% in 1990, 
„апа 38% in 2000. In 2011, the regional percentage distribution 


On June 15, ANSAC announced it would raise prices of 
oda ash for export by $50 per metric ton on a worldwide basis 
:ffective July 1, 2011. The action was a result of strong demand 
ror soda ash around the world (American Natural Soda Ash 
согр., 2011). 

According to the U.S. Census Bureau, U.S. soda ash exports 
"Гог 2011 were 5.47 Mt, which represented about 51% of U.S. 


of U.S. exports to 56 countries was Asia and South America, 
27% each; North America, 21%; Europe, 11%; Africa, 6%; 
the Middle East and Oceania, 3% each; Central America, 


9? 2%; and the Caribbean, less than 1% (table 5). The average 
* free alongside ship value was $190.13 per metric ton in 2011 


compared with $164.38 per ton in 2010. Although the data in 


и tables 1 and 6 are rounded to three significant digits, the unit 


values listed in table 6 are based on the unrounded statistics. 


Я The 10 leading countries, representing 68% of total U.S. soda 
» ash exports were, in decreasing order and percentage of total, 


Mexico, 16%; Brazil, 12%; Indonesia, 10%; Canada, 5%; Chile, 
596; Japan, 496; the Republic of South Korea, 496; South Africa, 


4 4%; Taiwan, 4%; and the Netherlands, 4% (table 6). About 


42% of all U.S. soda ash exports went through the Columbia- 
Snake River customs district in Idaho, Oregon, and Washington; 
the Port Arthur, TX, customs district was the second-ranked 
customs district with 2996 of the total; and the Laredo, TX, 
customs district was third with 1396 of the total (table 5). 
Imports of soda ash increased to 27,000 t in 2011 and came 
from 14 countries according to U.S. Census Bureau data. 
In 2010, 82% of soda ash imports was from Canada (47%), 
Italy (20%), the United Kingdom (9%), and China (6%). The 
remaining 1876 of imports was from the Dominican Republic, 
France, Germany, Hong Kong, India, Japan, Mexico, Poland, 
Romania, and Ukraine. The Dominican Republic and Hong 
Kong were listed as sources; however, neither country produces 
soda ash. It is possible that the entry was erroneous or that the 
product was transshipped from another location, such as imports 
from Canada (which no longer produces soda ash) that may 
have originated from England. The imports from China actually 
were thought to be sodium carbonate peroxohydrate that is the 
active ingredient in algaecides and fungicides. The average 
cost, insurance, and freight value of imported soda ash was 
$210.29 per ton, and the customs value was $176.67 per ton. 
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World Review 


Soda ash is a mature commodity in which consumption tends 
to increase in proportion to population and gross domestic 
product growth rates. For this reason, the leading consumers of 
soda ash were, for the most part, developed nations with lower 
growth rates compared with those of developing countries. The 
developing nations tend to use less soda ash than developed 
nations but have higher growth rates. Although the production 
and consumption quantities varied among the countries, the 
end-use patterns were basically the same— glass, chemicals, and 
detergents were the major sectors. 

In 2011, world soda ash production was estimated to be 51.3 
Mt, which was a 7% increase from that of 2010. Of the 29 
countries that produce natural and synthetic soda ash, the United 
States was the world's second-ranked producer, accounting for 
2196 of total world output. Only Botswana, China, Ethiopia, 
Kenya, Turkey, and the United States produce soda ash from 
natural sources; the remaining 23 nations manufacture soda 
ash through various chemical processes, primarily the Solvay 
process. Total world natural soda ash production represented 
about 26% of combined world soda ash production. 

Eight countries produced more than 1 Mt/yr of soda ash. 
They were, in descending order, China, the United States, 
Germany, Russia, India, Turkey, France, and Poland (table 7). 
These nations accounted for 8696 of world production in 2011. 
Bulgaria, Romania, and Ukraine had production installations 
that were rated at about 1 Mt/yr; adverse economic conditions, 
however, caused these nations to produce below their facilities’ 
design capacities. 

China.—Solvay S.A. of Belgium, the world’s leading soda- 
ash-producing company, acquired a 30% share ($23 million) 
of a synthetic soda ash plant being built by Tianjin Soda Ash 
Plant in Bin Hai. The facility will have the capacity to produce 
800,000 t/yr of soda ash. Solvay will be allowed to sell 220,000 
t/yr of soda ash and 30,000 t/yr of sodium bicarbonate under its 
own name (Solvay International Chemical Group, 2011). 

Ethiopia.—The Ministry of Mines in Ethiopia signed a 
contract with the country’s natural soda ash producer, Abijata 
Soda Ash Share Co., to expand soda ash production to more 
than 130,000 t within 10 years. The $1.96 million contract Is for 
a plan to develop the lake deposit resources (Lismore, 2011). 

Kenya.—In October, Tata Chemicals commissioned its 
new $100 million natural soda ash plant at Lake Magadi, 

90 kilometers (56 miles) southwest of Nairobi. The new 
facility has a capacity of 200,000 t/yr. The company's 
existing soda ash plant can produce 350,000 t/yr (Bloomberg 
Businessweek, 2011). 

Namibia.—Gecko Mining (Pty.) Ltd. (South Africa) planned 
to invest $1.8 billion to construct three chemical plants and 
a harbor near Swakopmund. The chemical complexes would 
produce phosphoric acid, sulfuric acid, and soda ash to 
support the country's uranium mining industry (IOL Business 
Report, 2011). 

Saudi Arabia.—The International Institute for Democracy 
and Electoral Assistance (IDEA) established the IDEA Soda Ash 
and Calcium Chloride Co. (ISACC) that awarded an engineering 
and project management contract for the construction of the 
first synthetic soda ash plant in Jubail II Industrial City. The 
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planned production capacity of the $293 million plant will be 
500,000 t/yr of soda ash and 575,000 t/yr of calcium chloride. 


Startup was expected by yearend 2014 (MEED Ltd., 2011). 
South Africa.—South Africa does not import soda ash 

from ANSAC but does permit individual United States soda 

ash producers access to South African markets. As such, on 


April 15, FMC announced a $30-per-metric-ton price increase 
on its dense soda ash and a $50-per-metric-ton increase on light 
soda ash (FMC Corp., 2011b). Tata Chemicals followed with a 
$50-per-metric-ton increase on September 27 for all bulk and 
packaged soda ash shipments to South Africa (Tata Chemicals 


North America Inc., 201 1c). 


Turkey.—Eti Soda AS (Ciner Group, 74% and state-owned 


Eti Maden, 26%), Turkey’s natural soda ash producer at 
Beypazari, announced it would increase production capacity 
to 1.7 Mt/yr from 1 Mt/yr sometime in 2013. Eti’s majority 


partner, the Ciner Group, acquired the Kazan trona deposit from 


Rio Tinto plc in January 2011 for an undisclosed sum. Ciner 
planned to construct a 1-Mt/yr soda ash plant in 2012 with 


startup scheduled for 2014 with an additional 1-Mt/yr expansion 


scheduled for 2015 (O’Driscoll and Feytis, 2011). 


Outlook 


The domestic and foreign industries that consume soda ash 
continued recovering from the global economic problems that 


began in 2008. U.S. soda ash producers increased production 


and exports in 2011 with soda ash prices reaching a record high. 


Three dominant groups have survived to become the world’s 
leading suppliers of soda ash—ANSAC of the United States 
(which represented three of the five domestic producers in 


2011), Chinese producers, and Solvay S.A. of Belgium. India 
has emerged recently to become the fourth dominant source of 
soda ash. It is very likely that some smaller soda ash facilities 


in the world may close because of energy and environmental 
considerations and competition from the major producers. 


With the continued recovery in the U.S. economy, U.S. soda 
ash production for 2012 through 2015 is expected to increase. 


Because exports now exceed domestic consumption, it is 
forecast that U.S. soda ash suppliers will continue to achieve 
higher soda ash sales prices by placing greater emphasis on 
export sales to compete with the more expensive foreign 
synthetic soda ash. Global economic problems are expected 
to ease slowly in the next few years and stimulate world soda 
ash consumption. The United States likely will continue to 
compete with Chinese soda ash producers in the Far Eastern 


markets. U.S. soda ash exports in 2012 are expected to increase, 
causing domestic soda ash production to increase slightly. Many 
industry analysts agree that increases in world consumption are 
forecast to range from 2.0% to 2.5% per year for 2012 through 
2015. Asia and South America remain the most likely areas for 


increased soda ash consumption in the near future. 
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Tata Chemicals Ltd. press release, September duse «201109569! 
January 5, 2012, at http://tatachemicals.com/me l 


air pollution control.html.) | 
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ТАВТЕ 2 
U.S. PRODUCTION OF SODIUM COMPOUNDS, BY MONTH! 


(Thousand metric tons) 


2010 2011 
Wyoming Wyoming 
Soda ash топа“ Soda ash trona? 

January 877 1,530 888 1,510 
February 814 1,260 813 1,410 
March 845 1,300 904 1,480 
April 876 1,100 824 1,270 
May 915 1,410 881 1,290 
June 821 1,350 899 1,370 
July 874 1,270 918 1,130 
August 948 1,380 970 1,450 
September 844 1,280 849 1,300 
October 918 1,330 941 1,480 
November 911 1,330 864 1,360 
December 927 1,420 975 1,420 
Total 10,600 15,900 10,700 16,500 


'Data are rounded to no more than three significant digits; may 
not add to totals shown. 
"Includes solution-mined trona. 


TABLE 3 
U.S. PRODUCERS OF SODA ASH IN 2011 
(Million short tons unless otherwise noted) = 
ВИ Е ЕЕ > оба 
Plant Source of 
nameplate . s carbonate 
o Compay 1 Pamma capseity Plant location m 
FMC Wyoming Corp.: und trona. 
Granger None = 1.30 Granger , d jd 
Green River Joint venture with Sumitomo Corp. and Nippon 3.55 Green River, 
Sheet Glass Co., Ltd. (20%, combined) Do. 
OCI Chemical Corp. DC Chemical Co., Ltd. (51%) and Anadarko 310 do. 
= Petroleum Corp. (49%) Dry lake brine. 
Searles Valley Minerals, Inc. None 145 Trona, СА 
| ie d tron. 
Undergt oun olite. 


Solvay Chemicals, шс.: _ ет. WY 
2.80 Green River, Underground nahc 


Joint venture with Asahi Glass Co. (2096) 


. Green River | $ 
Parachute do. 1.00 Parachute, C U nderground trona. 
Tata Chemicals (Soda Ash) Partners Joint venture with Owens-Illinois, Inc. (25%) 2.80 Green River, 
Total 16.00 (aes 
г = | million metric fois. 1400 ју 
Do., do. Ditto. Е EX жиз 
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TABLE 4 
REPORTED CONSUMPTION OF SODA ASH IN THE UNITED STATES, ВУ END USE, BY QUARTER! 


(Thousand metric tons) 


2011 
NAICS? First Second Third Fourth 
code End use 2010 quarter quarter quarter quarter Total 
3272 Glass: [e -— = А ы 
327213 Container 1,280 299 319 322 315 1,260 
327211 Flat 965 248 239 242 244 973 
327993 Fiber 139 34 35 32 32 132 
327212 Other 119 34 28 30 30 122 
Тога! 2,510 615 621 626 620 2,480 | 
32518 Chemicals 1,520 379 385 386 361 1,510 
325611 Soaps and detergents 513 116 119 95 101 430 
322 Pulp and paper 89 22 21 19 23 85 
221310 Water treatment’ 46 13 14 16 15 58 
56221 Flue gas desulfurization 19] 36 32 48 44 160 
422 Distributors 271 73 70 72 66 282 
Other 138 32 34 35 36 138 
Total domestic consumption" 5,270 1,290 1,300 1,300 1,270 5,150 
Exports” 5,360 1,300 1,320 1,380 1,480 5,470 
Canada 231 64 62 60 63 249 
Total industry sales” 10,600 2,590 2,610 2,680 2,740 10,600 
Total sales from plants 10,800 2,630 2,630 2,700 7,800 15,800 
Total production 10,600 2,600 2,600 2,740 2,780 . 10,700 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


North American Industry Classification System. 
Includes soda ash equivalent from soda liquors and purge liquors sold to powerplants for water treatment. Sales of mine water are excluded. 


“Imports reported by the producer/importer have been distributed into appropriate end-use categories listed above. 

°Аз reported by producers; includes Canada. Data may not necessarily agree with those reported by the U.S. Census Bureau for the same periods. 
SRepresents soda ash from domestic origin (production and inventory changes) and imports and exports. Includes soda ash sold by 

coproducers and distributed by purchasers into appropriate end-use categories. 
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Country 

Argentina 
Australia 
Belgium 
Brazil 
Canada 
Chile 
Colombia 
Costa Rica 
Ecuador 
Egypt 
El Salvador 
France 
Guatemala 
Indonesia 
Japan 
Korea, Republic of 
Lithuania 
Malaysia 
Mexico 
Netherlands 
New Zealand 
Peru 
Philippines 
Portugal 
Saudi Arabia 
South Africa 
Spain 
Taiwan 
Thailand 
Tunisia 
United Arab Emirates 
United Kingdom 
Venezuela 
Vietnam 
Other 

Total 
"Revised. -- Zero. 


l WEN. M а 
Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 


"Free alongside ship value. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey using data and information from the 
Journal of Commerce PIERS trade database and industry sources. 


TABLE 6 
U.S. EXPORTS OF SODA ASH, BY COUNTRY! 


2010 2011 
Quantity Quantity 3 
(thousand Value Unit (thousand Value? Unit 

metric tons) (thousands) value metric tons) (thousands) value 

82 $13,100 $160 100 $19,000 $190 
87 15,800 182 136 28,600 210 
175 22,300 128 138 21,400 155 
701 113,000 161 659 111,000 169 
253 52,400 207 288 57,500 200 
272 45,300 167 294 51,900 176 
128 19,100 150 132 22,800 173 
19 3,640 192 24 4,660 194 
27 4,160 154 14 2,930 209 
25 2,690 107 -- -- — 
10 1,670 167 16 3,350 209 
42 6,080 145 49 6,910 141 
32 6,080 174 37 7,340 198 
457 64,100 140 526 112,000 212 
229 33,200 145 240 43,900 183 
229 35,900 157 216 46,400 215 
122 16,700 137 71 10,800 152 
49 8,540 174 43 9,520 221 
823 175,000 212 886 192,000 217 
137 18,700 137 204 35,200 173 
29 4,920 170 23 4,400 191 
a7 9,010 158 104 19,800 191 
62 9,070 146 66 12,700 193 
49 5,960 122 27 3,800 141 
116 15,200 131 88 13,500 153 
162 18,100 112 216 29,800 138 
61 8,440 138 69 10,400 150 
252 39,600 157 211 43,100 204 
142 18,800 133 153 29,400 192 
149 17,900 120 103 14,100 137 
72 11,400 158 55 8,390 152 
29 5.350 185 19 5,810 306 
252 55,500 220 189 43,400 230 
38 5,370 141 29 5,400 186 
ор? 4,040 " ЭАР. 48 7,890 164 
5,390" 886,000 164 5,470 1,040,000 _ 190 
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TABLE 7 
SODA ASH: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


(Thousand metric tons) 


70.10 


L1 0. Cay ми ^ EC aaa = 
LI  CT-—————] T. !M— P — eM E 


Bosnia and Herzegovina — ^ ^  — — — 11 11 11 11 И 
Botswana ë ë O —— — 250 250 250 250 250 
О 200 200 200 200 200 
Bulgaria ~~~ 800 800 800 800 800 
СТРИИ ае 12 12 12 12 13 
Chima MEME MEE 17,720 $ 18,540 ° 19,450°° 20,350"7 23,000 
Евр 50 50 50 50 50 
France 1,000 1,000 1,000 1,000 1,000 
Germany — ——— ———- 2,595 $ 2,715 ° 2.29] * 2,539 * 2,660 
аз EORR EIER 1,500 1,500 1,500 1,500 1,500 
На O o o ao 140 140 140 140 » 
tay и 500 500 500 500 a 
Japan M 400 400 400 400 e 
Key? C — 387 $ 513 $ 405 $ 474 "* 560 
Korea, Republic of | 310 310 310 310 310 
Мехісо -IM— — 290 290 290 290 290 
Netherlands ~~~ 400 400 400 400 400 
Pakistan ~ 260 250 260 250 260 
Poland ~~~ 1,192 6 1,190 890 1,010 " 1,010 
Portugal ~~~ 150 150 150 150 ЮА 
Romana — —— —— 453 450 400 450 450 
Rusa — 2,900 2,800 2,300 2,400 AP 
Sm D ro Sioa 500 500 500 500 Am 
Tukey ~~~ 947 ° 949 % 1,079 ° 2,000" - 2,000 
Ukraine | ——— —— — —— 950 ' 978 ' 680: 707 ' 710 
United Kingdom — —— —————— 900 500 500 500 d 
United States ———— 11,100 ' 11,300 9,310 10,600 10,700 

poe 46,200" 47,000" 44,400" 48,1007 5130 
‘Revised. 


І 
See totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
able i 


; includes data available through March 30, 2012. Synthetic unless otherwise specified. Nn 
In addition to th les li i . i tion is inadequate 
Ion to the countries listed, Tanzania may produce soda ash for local consumption; available general informati 


for the formulation of reliable estimates of output levels. 


*Natural only. 
"Produced for local consumption only. 
„Reported figure. 
Data for the Ethiopian calen 
Less than "^ unit. 


dar year ending July 7 of the year listed. 
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Of the total 1.16 Gt of crushed stone produced for 
consumption in the United States in 2011, 69% was limestone 
and dolomite; 14% was granite; 7% was traprock; 5% was 
miscellaneous stone; and 4% was sandstone and quartzite. The 
remaining 1% was shared, in descending order of tonnage, by 
marble, volcanic cinder and scoria, slate, shell, and calcareous 
marl. These percentages were calculated on the total amount 
of crushed stone produced for consumption that was reported, 
including individual amounts that were withheld to avoid 
disclosing company proprietary data (table 2). 

A review of production by size of operation at the national 
level indicates that, in 2011, 469 Mt of crushed stone (40% 
of the total crushed stone) was produced by 271 operations 
reporting production of more than 1 million metric tons per 
year, 296 Mt was produced by 475 operations reporting 
production between 500,000 and 999,999 metric tons per year 
(t/yr); and 346 Mt was produced by 1,504 operations reporting 
production between 100,000 and 499,999 t/yr. Operations that 
produced more than 500,000 t/yr accounted for 66% of total 
crushed stone produced in the United States in 201 1, a slight 
increase compared with that of 2010 (table 5a). By geographic 


region, in 2011, the South had 1,302 active operations, followed 


by the Midwest with 1,045, the West with 775, and the 
Northeast with 571 active operations (table 5b). 

The leading U.S. producing companies in 2011 were, in 
descending order of tonnage, Vulcan Materials Co.; Martin 


Marietta Aggregates; Lehigh Hanson, Inc.; Oldcastle Materials, 


Inc.; Lafarge North America Inc.; CEMEX S.A.B. de СМ: 
Carmeuse Lime & Stone; Holcim Group/Aggregate Industries 
Management, Inc.; Rogers Group, Inc.; and New Enterprise 
Stone & Lime Co., Inc. In 201 l, the combined production of 
the top 10 companies decreased slightly to 508 Mt (4494 of 
the national total). The combined production of the top 100 
companies was 818 Mt (7194 of the national total). 

Merger and acquisition activity in the U.S. construction 
aggregates industry, after the huge acquisitions that took place 
in 2007, slowed to a much lower level and then came to a 


virtual stop in 2009. The industry continued in a holding pattern 


through 2010 and most of 2011 ‚ with numerous small regional 


purchases throughout the year and with large companies selling 


and swapping assets. 
Many companies acquired assets to increase their regional 
footprint in markets of interest. Aggregates Industries, the 


U.S. division of Holcim, was the first to start the trend of these 
regional, division strengthening 


in Lattimore Materials Co., L.P. 


mines, 26 ready mix sites with 35 concrete plants, and 4 rail 
terminals in Texas (Aggregates Manager, 201 le). On 
November 1, Aggregate Industries announced the purchase 
of Ennstone, Inc., which operated 3 sand and gravel pits, 1 
limestone quarry and 17 ready-mix concrete plants in Virginia 
(Aggregates Manager, 2011 d). 
Oldcastle Materials strengthened its market presence in two 
of its divisions, during 2011. During the summer, Oldcastle 
expanded its Central West Division by acquiring the assets, 
including five quarries in Missouri, of Everett Quarries Co. 
Inc. (Aggregates Manager, 201 1b). Oldcastle finished the year 
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pu purchases. Aggregate Industries, 
at the beginning of March, acquired the remaining 5194 interest 


by expanding its Mid-Atlantic Division by acquiring three 
aggregate quarries in Susquehanna County, PA, from Pow | 
Stone, Inc. (Rock Products, 2012). | | 

CEMEX, Lafarge, Martin Marietta, and Vulcan were al | 
active east of the Mississippi River during the year. CEMEX NE 
bought Ready Mix USA for $350 million to expand 5 [ 

а ida, Georgia, Mississippi, || 
operations in Alabama, Arkansas, Florida, Georg | 
and Tennessee (Aggregates Manager, 201 lc). Lafarge a 
aggregate assets in Alabama to Vulcan Materials in Octo и 

in October, Martin Maneta 
(Aggregates Manager, 20118). Also in October, ee 
swapped properties along the Mississippi River wl i у | 
their aggregates operations, ready mixed concrete an y» 
plants, and a road paving business in metropolitan Пелу, 

Aggregates Manager, 2011d). 

| eee л. was not limited to the top B 
domestic companies. Leading regional produce д "n 
their market shares. On July Ist, Rocky ae МИ 
ownership of two quarry locations in Virginia А быт 
Quarries Inc. (Aggregates Manager, 201 Ib). ШЕ jme 
sites, Rockydale owned seven quarries and an a а дй 
processing facility. Texas Industries, Inc. ми ® МА 
CEMEX one aggregate operation and three rea HE ng 
facilities that serve the Austin and Houston р Er 
Manager, 2011b). The summer concluded with Eo. 
Partners LP announcing the acquisition of ome a 
limestone quarry in Kentucky from North i af Trenton 
Corp. and renaming the quarry Winn Materials 
(Aggregates Manager, 201 1c). 

None of the activity discussed so far wa aaa 
scope to a proposed merger that was announe ction aggrepil 
December 12, when the second ranked constru MS 
producer, Martin Marietta, made a hostile pep AE 
for the leading construction aggregates eet Martin Manlii 
Materials (Kuhar, 2012). Vulcan revealed t r В 
had commenced an unsolicited НЯ а Ме. of. 
outstanding common shares at a fixed excha an com 
shares of Martin Marietta Materials be an's Board of 
share of Vulcan Materials common stock. M. x at this time 
Directors advised shareholders to take no шы У by the 
pending the review of the proposed vpn 20114). 
Vulcan Materials’ Board (Vulcan Materta's December 22 
The Vulcan Board of Directors responded и; dvisors, whic 
after consultation with its financial and gc e offerto 
unanimously determined that the Martin of Vulcan an 16 
acquire Vulcan was not in the best interests ly recommen 
shareholders. Accordingly, the Board ti Marietta 
that shareholders not tender any shares to ‘montis of 
(Vulcan Materials Co., 20110). Ае ete 14, 2012, Marti! 
controversy and court proceedings, on a immediately 
Marietta was ordered by a Delaware court for Vulcan's shares 
withdraw and terminate its exchange offer 10 
(Vulcan Materials Co., 2012). below. 4 

Production of crushed stone by mar! decrease j 

Calcareous Marl.—Output of cR са at $10.6 million 
compared with that of 2010 to 1.7 Mt valu 

table 2). Ams d by 3% 
ежей of fone а edm at 
compared with the total for 2010 to 51. 


s close in size or 


type is detailed 
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Zx*srillion (table 2). Crushed dolomite production was reported 
«ez тһ 27 States. The leading producing States were, in descending 
a2 rder of tonnage, Illinois, Pennsylvania, New York, Michigan, 
= мета Indiana; the total production of these five States was 
712127.3 Mt (73% of the U.S. output) (table 6). An additional 

т у гапдејепитед amount of dolomite is included in the total 

ux in srushed limestone, as explained in the limestone portion of the 
Ми“ fProduction" section. 

‚: тя Granite.—The output of crushed granite increased by 3% 

| ty: geompared with that of 2010 to 162 Mt valued at $2.0 billion 
V. table 2). Crushed granite was reported as being produced in 34 
a ~ plates. The leading producing States were, in descending order 
ы ‚РЇ tonnage, Georgia, North Carolina, Virginia, South Carolina, 
7 and California; the total production of these five States was 108 
_ Mt (67% of the U.S. output) (table 7). 


“~ 


—"'" Limestone.—The output of crushed limestone, including 

Yt “some dolomite, decreased slightly compared with that of 2010 

о 751 Mt valued at $6.8 billion (table 2). Limestone production 

= = was reported in 47 States, and companies in 24 States reported 

7- producing limestone and dolomite from the same quarries. 

a 2- Their production of about 19.0 Mt of limestone and dolomite 

3 combined is included with the limestone listed in table 2. The 

423 limestone totals listed in this chapter, therefore, include an 

{ач I undetermined amount of dolomite in addition to the dolomite 

xt! reported separately. The leading producing States were (in 

йй descending order of tonnage) Texas, Missouri, Pennsylvania, 

72 Kentucky, and Ohio; the total production of these five States 

-'z* was 312 Mt (42% of the total U.S. output) (table 6). 
Marble.—Production of crushed marble decreased by 9% 

5% compared with the total for 2010 to 5.9 Mt valued at $90.0 

zz! million (table 2). Crushed marble production was reported in 15 

i: States. 

су Miscellaneous stone.—This category includes three different 

vii! types of miscellaneous crushed stone production. The first 

3% type is a crushed stone, which was reported by the company as 

„23 "other" on the survey form or as a type of stone not listed on 

table 2. The second type is production of unknown stone type 

ў Нот a company or operation that is new to the survey. The 

|J first year an operation is added to the survey, its production is 

„ý Often estimated using MSHA employment data. The type of 

4 Stone produced is updated when a response is received from 

8 the operation and the data are revised for the next report. The 

0 third type is production of a known rock type when the amount 

reported must be withheld to protect company proprietary data. 

The concealed amount is added to the quantity of miscellaneous 

$ Stone produced in that State and then published. 

.g The output of miscellaneous stone decreased slightly 

compared with the total for 2010 to 58.7 Mt, valued at $498 

million (table 2). In 2011, the reported amount of miscellaneous 

jJ stone accounted for 79% of the total output of miscellaneous 

J stone and 70% of its value (table 8). The remaining 21% 

j (15.7 Mt) of the total output consisted of known stone for which 

data were withheld. 

y Sandstone and Quartzite.—The output of crushed sandstone 

/ and quartzite increased by 4% compared with the total for 

j 2010 to 44.0 Mt, valued at $412 million (table 2). Crushed 

sandstone production was reported in 29 States, and quartzite 

was produced in 18 States. The leading producing States were 
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(in descending order of combined tonnage of sandstone and 
quartzite) Pennsylvania, Arkansas, Texas, South Dakota, and 
New York. Their combined total production was 29.1 Mt 
(69% of the U.S. output) (table 7). 

Shell. —Shell is derived mainly from fossil reefs or oyster 
shell banks. The output of crushed shell increased by 4% 
compared with the total for 2010 to 1.8 Mt, valued at $25.0 
million (table 2). Crushed shell was reported as being produced 
in four States. 

Slate. —Тће output of crushed slate decreased by 9% 
compared with that of 2010 to 2.6 Mt, valued at $33.3 million 
(table 2). Crushed slate was produced in 10 States, with 
Pennsylvania accounting for about 32% of the total U.S. output. 

Traprock.—Production of crushed traprock increased by 4% 
compared with the total for 2010 to 75.9 Mt, valued at $850 
million (table 2). Traprock was reported as being produced in 27 
States. The leading producing States were (in descending order 
of tonnage) Virginia, Oregon, New Jersey, Washington, and 
North Carolina; these five States produced 38.0 Mt (50% of U.S. 
output) (table 7). 

Volcanic Cinder and Scoria.— Production of volcanic cinder 
and scoria increased by 4296 compared with the total for 2010 
to 4.5 Mt, valued at $29.5 million (table 2). Volcanic cinder 
and зсопа production was reported in 13 States, with the top 
producing State of Wyoming accounting for 59% of U.S. output 
(table 8). 


Consumption 


Crushed stone production reported to the USGS is actually 
material that was either sold to other companies or consumers 
or was used by producers. Stockpiled production is not included 
in the reported quantities. The “sold or used” tonnage, therefore, 
represents the amount of production released for domestic 
consumption or export in a given year. Because some of the 
crushed stone producers did not report a breakdown by end use, 
their total production is included in the “Unspecified, reported” 
use category. The estimated production of nonrespondents is 
included in the “Unspecified, estimated” use category. 

In 2011, U.S. apparent consumption of crushed stone, which 
is defined as U.S. production plus imports and recycled material 
minus exports, was 1.20 Gt, almost unchanged compared 
with the apparent consumption in 2010. Of the 1.20 Gt of 
crushed stone consumed, 300 Mt (25%) was “Unspecified, 
reported,” and 324 Mt (27%) was “Unspecified, estimated.” 

Of the remaining consumption reported by uses, 80% was 
used as construction aggregate, mostly for highway and road 
construction and maintenance, as well as for a wide variety of 
building and other nonbuilding construction; 11% for cement 
manufacturing; 4% for special and miscellaneous uses and 
products; 3% for lime manufacturing; and 2% for agricultural 
uses (table 9). In marketing analysis or use-pattern studies, the 
quantities included in unspecified uses may be prorated and 
added to the reported uses by applying the above percentages 
calculated for the reported quantities. 

In 2011, the value of the total construction put in place 
decreased by 3% compared with that of 2010 to $778 billion, as 
reported by the U.S. Census Bureau (2012). The value of total 
private construction decreased slightly to $495 billion. The total 
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value of private construction has decreased every year since 
2006, and in 2011 was at the lowest level since 1997. The value 
of total public construction decreased by 7% to $283 billion, 
which was the second consecutive year of a decrease. Before 
2010, the value of total public construction had not decreased in 
value in more than 18 years. 

Additional information regarding production and consumption 
of crushed stone by type of rock and major uses in each State 
and the State districts may be found in the USGS Minerals 
Yearbook, volume II, Area Reports: Domestic. 


Recycling 


The recycling of many materials was expanding, and 
aggregates producers were increasingly recycling portland 
cement concrete and asphalt concrete materials recovered 
from construction projects to be reused to produce aggregate 
materials, especially for fill and road base applications. The 
recycling of portland cement concrete is done at some quarries 
and increasingly at sales yards or distribution sites, whereas 
asphalt concrete often is recycled in place. The USGS surveyed 
construction aggregate mining companies, construction 
companies, and demolition companies, which reported the 
following data. The data represents an unknown percentage of 
the actual U.S. total of recycled construction aggregates. 

Recycled Asphalt Concrete. —Companies in every State 
except Hawaii reported a total of 13.4 Mt of recycled asphalt, 
valued at $106 million in 2011 (table 14). The leading States 
were (in descending order of tonnage of recycled asphalt 
concrete) California, Illinois, Michigan, North Carolina, and 
Pennsylvania. Their combined total was 6.0 Mt, an increase of 
25% compared with their combined total in 2010. 

Recycled Portland Cement Concrete.—A total of 13.8 Mt 
of recycled concrete valued at $103 million was reported as 
recycled in 48 States (table 15). The leading States for 2011 
were (in descending order of tonnage of recycled portland 
cement concrete) California, Illinois, Michigan, Virginia, and 
Minnesota. Their combined total was 7.1 Mt, an increase of 
15% compared with their combined total of 2010. 


Prices 


Prices in this chapter are the annual average free on board 
plant prices, usually at the first 
reported by crushed stone producing companies. This value 


does not include transportation from the plant or yard to 
the consumer. It does, ho 


processing, in 


| ith the reported average unit value 
of $10.34 per ton in 2010. The annual reports of the top U.S. 


producing companies reported a 1% to 3% price decrease in 
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in the same State reported. The reported State average wists | 
in the estimation for operations reporting total production oy 

Additional information regarding prices of crushed stone y 
type of rock and uses in the United States and each State a | 
the State districts may be found throughout the tables incide || 
in this chapter and in the USGS Minerals Yearbook, volume], 
Area Reports: Domestic. 


Transportation 


For 654 Mt of the 1.16 Gt of crushed stone produced for : 
consumption in 2011, no means of transportation T и 
by the producers. Of the remaining 505 Mt of crushe | i 
78% was reported as being transported by truck ign А 
ог the processing plant to the first point of sale x сы 
by rail, and 4% by waterway. About 49.8 Mt oft в. и 
production was reported as not having been transpo 
therefore, is assumed to have been used onsite. i 

Shipment by truck remains the most widely i e 
of transportation for crushed stone. The signee И и 
in the number of sales and distribution yards in t T a 
years and the increase in the volume of crushed + У пи 
through these sites have had a positive impact S id 
and the communities they serve. Distribution ур ЖЫ 
by rail or waterway, are located near metropoll i от 
significantly reduce the distance most trucks [s sat 
pick up and deliver crushed stone. Therefore, So - 
costs are reduced, as is the impact of heavy-ve ү LM 
the infrastructure and the environment. Sales yar UN i 
distribute products and, increasingly, also serve 4 


sites. 


Foreign Trade 

stic deposits of | 
0 

и ш i os 

tly local transactions 

nd exports 

than 190 


The widespread distribution of dome 
suitable for mining as crushed stone, th 
existing active operations around the coun 
of transportation limit foreign trade to cae Я 
across international boundaries. U.S. троп» : 
continue to be small, representing slightly mor 

mestic consumption. this report 
poen Е of crushed stone p 2р0 
was derived from two sources. The primary abl es 1, 17-18) 
and export data from the U.S. Census er hen reporting 
Additionally, companies provided import seach operation, 
the amount sold or used for Ат attributed 0 
usually a sales yard. The tonnage ке? example, crushe 
the State where it was first sold or used; te counted in the total 
stone imported to Florida from Mexico phe 4), This was the 
of crushed stone sold or used in Florida се of crushe 
same accounting practice used for large Та io another. Ff 
stone, which were transported from one id shipped dov 
example, crushed stone mined in Kenna was included 2 
the Mississippi River to be used in eren 
the total of crushed stone sold or used in eased by 25% 0 

Exports.—Exports of crushed stone B in 2010, with the 
911,000 t compared with the total of 1.2 In 2011, exports 0 
value decreasing by 20% to $41.8 million. averaged a unit 
crushed limestone for cement manufacturing 
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rai talue of $20.67 per ton, which was lower than the average unit 
ens alue of 2010 (table 17). 

ЖУ Imports.—Imports of crushed stone increased by 3% to 

ye! = 20 Mt compared with those of 2010, but the value decreased 
лт зу 3% to $179 million. Of the imported crushed stone, 66% of it 
м vas limestone used as construction aggregate, as flux stone, and 
n cement manufacturing (table 18). 


Jutlook 


. The crushed stone industry i is a cyclical business, reacting 
PISO the levels of activity in public infrastructure projects, 
en Fiommercial and residential construction markets, and other 
T types of construction. The residential construction slowdown 

TU the United States was well documented and led to decreased 
Sti Зсопзширноп of crushed stone. The decline in residential 

557 1 construction appeared to level off in late 2010 and improved 
и: т 2011 with multifamily housing starts increasing throughout 
v: x 2011. Based on quarterly sales data, it appeared that the 

3 578 construction industry reached the low point in the cycle and may 
у *3 have been starting to recover (Willett, 2012). 

5215 Facing uncertainly in the domestic marketplace, many 

37:33 construction aggregates producers expect to see production 
5:27 levels remain flat or even decrease slightly. This is based on the 
ме! impact of the uncertainty created by the absence of a long-term 
zz highway bill, as well as the waning impact of the American 
Recovery and Reinvestment Act (Martin Marietta Materials, 
„их lnc., 2012, p. 39). Any increased consumption in 2012 from that 
o5 in 2011, is not expected to reach the historical annual average of 
the past 50 years of 296 to 496. Increases in the first two quarters 
я of 2012 were offset by a 5% decrease in third quarter shipments 
of crushed stone for consumption (Willett, 2012). However, the 
estimated output of crushed stone in the 48 conterminous States 
shipped for consumption in the first 9 months of 2012 was 867 
million tons, a slight increase compared with that of the same 
< period of 2011. 
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ТАВГЕ 1 
SALIENT CRUSHED STONE STATISTICS! 


(Thousand metric tons and thousand dollars) 


р ~o aa Пн 
Я 
Sold or used by producers: 

old or used by producers? — — 

Quantity 1,650,000 1,450,000 ' 1,160,000 1,160,000 В oT 
.Vaue ______________14,100.000 136000 11300000 71.100 000 1000 
Rok. ere 

ycle: 

Quantity 20,100 29,100 28,500 26,400 т 

Value 150,000 252,000 264,000 201,000 
Qo ша ыш ИН 
Rit: — == 1,020 1,240 1,260 1,210 m 

Value 62,500 61,600 58,300 52,100 , 
АИИС иниваии-__- a Е 
Imports for consumption? —— — 15,000 

Quantity 19,500 20,900 12,200 14,600 V 
А 


"Рава are rounded to no more than three significant digits. 


Does not include American Samoa, Guam, Puerto Rico, and the U.S. Virgin Islands. 
*Excludes precipitated calcium carbonate. 


TABLE 2 
1,2 
CRUSHED STONE SOLD OR USED IN THE UNITED STATES, BY TYPE 


Е ee НИ 
cw. Su UE ae ИЦ a 


Quantity ee Value Unit 

Number (thousand Value Unit Number neue (thousands) vili 
Type of quarries metric tons) (thousands) value of quarries metric tons) $6,790,000 9% 
Dolomite: = 165 49,900 478,000 9.57 165 51,200 90.000 1550 
Marble 42 6,490 96,300 14.85 40 5,880 1060 _ 61 
Calcareous marl 4 2,720 21,400 7.88 4 1730 25,000 14.16 
Shell 8 1,700 24,100 14.22 8 10" | 950,000 12407 
ud = Tcv 433 158,000 1,850,000 11.75 426 162,000 350.00 114 
Traprock 346 73,300 920,000 12.55 351 THE 412,000 936 
Sandstone and quartzite’ ___ 211 42,100 393,000 9.34 219 44,000 33300 126 
Slate 34 2,910 31,700 10.90 28 2,630 29,500 663 
Volcanic cinder and scoria 53 3,130 23,100 7.37 47 4309 498,000 8.4 
Miscellaneous stone К 542 60,200 505,000 83916 3810 as 

Total or average ЖК 1,160,000 11100000 9.58 XX 1,160,000 


XX Not applicable. 
| 
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TABLE 3 
CRUSHED STONE SOLD OR USED IN THE UNITED STATES, BY GEOGRAPHIC DIVISION!” 


(Thousand metric tons and thousand dollars) 


2010° 2011 
Region/division Quantity Value Quantity Value 
Northeast: 
New England 33,200 362,000 34,200 367,000 
Middle Atlantic 134,000 1,540,000 139,000 1,530,000 
Total 167,000 1,900,000 173,000 1,890,000 
Midwest: 
East North Central 191,000 1,400,000 187,000 1,420,000 
West North Central 139,000 1,210,000 136,000 1,240,000 
Total 330,000 2,610,000 323,000 2,660,000 
South: 
South Atlantic 225,000 2,780,000 230,000 2,900,000 
East South Central 128,000 1,280,000 123,000 1,310,000 
West South Central 191,000 1,460,000 187,000 1,400,000 
Total 544,000 5,520,000 541,000 5,610,000 
West: 
Mountain 47,800 379,000 53,100 386,000 
Pacific 67,200 673,000 68,700 653,000 
Total 115,000 1,050,000 122,000 1,040,000 
Grand total 1,160,000 11,100,000 1,160,000 11,200,000 


Data are rounded to no more than three significant digits; may not add to totals shown. 
Does not include American Samoa, Guam, Puerto Rico, and the U.S. Virgin Islands. 
3Estimated quantities for the prior year have been recalculated. 
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ТАВГЕ 4 
CRUSHED STONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE AND TERRITORES' 


2 a _ 
Quantity Quantity 
(thousand Value Unit (thousand Value ШП 
State metric tons) (thousands) value metric tons) (thousands) — — value 
Alaska 1,270 17,300 13.66 1,290 14,400 1119 
Arizona 8,220 81,000 9.85 8,260 63,900 1B 
Arkansas 31,300 240,000 7.66 26,100 219,000 8.40 
California 31,000 306,000 9.87 32,800 295,000 90 
Colorado 6,220 49,000 7.87 6,200 48,200 7.18 
Connecticut 7,270 92,900 12.78 7,310 101,000 13% 
Delaware? W W W W W А 
Florida 42,100 535,000 12.72 40,300 509,000 1263 
Georgia 43,000 467,000 10.86 41,500 479,000 115 
Hawaii 4,740 91,900 19.39 4,490 86,000 1918 
Idaho 3,960 23,600 5.98 3,910 21,500 550 
Illinois 54,300 487,000 8.97 51,400 492000 93 
Indiana 44,400 294,000 6.63 42,200 301,000 74 
lowa 32,000 289,000 9.02 32,100 311,000 56 
Kansas 17,600 146,000 8.30 15,400 126,000 8.17 
Kentucky 47,900 417,000 8.70 47,900 462,000 9 
Louisiana? W W W W ji и 
Маіпе 3,520 31,200 8.87 3,650 26,600 7.3! 
Магујапа 21,500 217,000 10.10 20,400 209,000 1026 
Massachusetts 10,400 119,000 11.44 10,600 115,000 10,86 
Michigan 21,500 100,000 4.67 20,700 99,000 ма 
Minnesota 7,140 87,600 12.27 8,600 105,000 1225 
Mississippi? 2,730 63,500 23.26 2,720 65000 23.85 
Missouri 69,400 584,000 8.40 64,700 571,000 5 
Montana 2,050 21,300 10.36 2,160 20,600 v 
Nebraska 6,760 62,000 9.17 7,430 70,100 d 
Nevada 7,210 83,400 11.56 7,320 р He 
New Hampshire 4,370 38,900 8.92 5,030 45,200 ~ 
New Jersey —— 14,500 120,000 8.28 13,800 132,000 2 
NewMexco — — 5,280 38,400 7.26 5,840 41,400 я 
New Yok  _ 0 1. 33,900 383,000 11.31 36,000 414,000 i 
North Carolina č — 40,600 592,000 14.59 42,500 621,000 Же 
NorthDakota — — — 843 3,810 4.52 1,540 2,59 Af 
es 47,000 380,000 8.09 49,300 40600 7 
Oklahoma 39,200 321,000 8.19 39,100 306,000 111 
=: 15,500 117,000 7.56 15,300 118,000 11.01 
Pennsylvania 85,300 1,040,000 12.17 89,100 981,000 062 
Rhode Island 1,380 | 14,500 10.54 1,520 16,200 fi 
South Carolina 19,200 215,000 11.23 19,500 199,007 7 16 
South Dakota 5,470 36,600 | 6.69 6,050 49,400 $i 
„ане --__-- aF 40,900 472,000 11.53 38,800 483,000 6.16 
т aa 114,000 805,000 7.04 117,000 pus 17 
L 5,650 41,300 7.31 8,000 б, 1023 
УЛОВИ 6,240 64,700 10.37 6,070 GM 14.38 
лаша 44,000 603,000 13.71 49,400 EAE ET 
Washington 14,800 141,000 9.58 14,800 140,000 043 
ем Virginia 14,500 141,000 9.72 16,200 169,000 Б) 
ree 24,000 135,000 5.62 23,800 pee 4.42 
Di. € 9,240 41,400 4.48 11,500 n 16.13 
E тате ЕН 6,730 102,000 15.11 6,270 aut 0 9,68 
.S. total or average 1,160,000 11,100,000 9.58 1,160,000 11,200,00 
е шаци (5) (5) 
American Samoa ——— —  — 5) (5) (5) и 6) 
= (е S * o 10% 
Ico 7,610 64,000 8.41 7,530 2 @ 


Ма 
ITrgin Islands (5) (5) (5) (5) z 9,69 


Er woe eR а 
1,170,000 1,170,000 11,309, 
W Withheld to avoid disclosing company Ud 292 


proprietary data; included with *Other." 
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TABLE 4—Continued 
CRUSHED STONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE AND TERRITORIES! 


'Раја are rounded to no more than three significant digits; may not add to totals shown. 
"Estimated quantities for the prior year have been recalculated. 


ЗА significant amount of sold or used material was shipped in from other States. 


“Includes Tutuila Island and dependencies. 


5Withheld to avoid disclosing company proprietary data; included in “Grand total or average." 


TABLE 5A 
CRUSHED STONE SOLD OR USED IN THE UNITED STATES, BY SIZE OF OPERATION"? 
2010" 2011 
Quantity Quantity 
Size range Number of Percentage (thousand Percentage Numberof Percentage (thousand Percentage 
(metric tons) operations oftotal metric tons) of total operations oftotal metric tons) of total 
Less than 25,000 654 17.3 5,260 0.5 631 17.1 4,840 0.4 
25,000 to 49,999 369 9.7 12,400 1.1 328 8.9 11,100 1.0 
50,000 to 99,999 501 13.2 33,600 2.9 484 13.1 32,000 2.8 
100,000 to 199,999 574 15.2 76,100 6.6 605 16.4 78,800 6.8 
200,000 to 299,999 409 10.8 92,400 8.0 399 10.8 90,400 7.8 
300,000 to 399,999 301 8.0 94,700 8.2 276 7.5 87,200 7.5 
400,000 to 499,999 233 6.2 94,600 8.2 224 6.1 90,100 7.8 
500,000 to 599,999 159 4.2 78,900 6.8 164 4.4 81,400 7.0 
600,000 ю 699,999 130 3.4 76,800 6.6 114 3.1 67,000 5.8 
700,000 to 799,999 80 2.1 54,200 4.7 94 2.5 64,100 5.5 
800,000 to 899,999 58 1.5 44,800 3.9 58 1.6 44,600 3.8 
900,000 to 999,999 43 1.1 36,700 3.2 45 1.2 38,900 3.4 
1,000,000 to 1,499,999 148 3.9 162,000 14.0 145 3.9 160,000 13.8 
1,500,000 to 1,999,999 55 1.5 85,700 7.4 49 1.3 76,400 6.6 
2,000,000 to 2,499,999 29 0.8 58,500 5.1 25 0.7 51,700 4.5 
2,500,000 (о 4,999,999 37 1.0 112,000 9.7 45 1.2 134,000 11.6 
5,000,000 апа тоге 6 0.2 38,500 3.3 7 0.2 46,200 4.0 
Total 3,786 100 1,160,000 100 3,693 100 1,160,000 100 
Data are rounded to no more than three significant digits except “Number of operations”; may not add to totals shown. 
?Does not include recycle plants. 
"Estimated quantities for the prior year have been recalculated. 
STONE, CRUSHED—2011 
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TABLE 5B 


CRUSHED STONE SOLD OR USED IN THE UNITED STATES IN 2011, BY REGION AND SIZE OF OPERATION"? 
ee ee ee 


Northeast Midwest 
Quantity Quantity 
Size range Number of Percentage (thousand Percentage Numberof Percentage (thousand Кїї 
(metric tons) operations of total metric tons) oftotal ^ operations _of total metric tons) _ 10 
POMONA 09. — — . o. 48 8.4 1,590 0.9 89 8.5 3,040 W 
50,000 to 99,999 78 13.6 5,330 3.1 154 14.8 10,200 У 
100,00010199,999 111 104 18.2 13,900 8.0 170 16.3 2220 8&8 
200,00010299999 ______ 58 10.1 13,100 7.5 124 11.9 27,600 % 
300,000 10399,9997 5 42 73 13,200 7.6 70 6.7 22,000 4 
200000010 499,999 _______- 38 6.6 15,600 9.0 83 8.0 3210 wu 
200,000 to 599,999 ________ 29 5.1 14,500 8.4 51. 49 2530 Т 
£00,000 t0699:999 _______ 23 4.0 13,800 8.0 25 2.4 440 8 
3990010729999 _______ 20 3.5 13,700 7.9 25 2.4 po 38 
300,000 (о 899,599 _______ 6 1.0 4,610 2.7 15 1.4 nao — 5 
UU ОО 8 1.4 6,890 4.0 16 1.5 310 4 
,000,00010 1,499,999 _____ 26 4.5 28,100 16.2 38 3.6 41,700 № 
1,500,000 to 1,999,999 10 1.7 15,000 87 13 1.2 19,700 у 
2,000,000 to 2,499,999 2 03 4.120 ЗУ 4 04 8,340 я 
South a ee 
aa een See. ЗРЭЗ 
Number of Percentage (thousand Percentage Numberof Percentage (thousand ofto 
Leshan erations ООШ metric tons) ООА] — operations — oftotal ___ meticton) С 
Less than 25,000 — 11 1 130 10.0 1,090 0.2 273 35.2 LN 
25,000 to 49,999 9] 70 3 120 0.6 100 12.9 3,360 к 
50,000 го 99,999 119 9.1 7.890 L5 133 17.1 E Ж 
100,000 to 199,999 217 16.7 28,000 5.2 114 14.7 мо 
200,000 to 299,999 172 13.2 39,600 7.3 45 5.8 И" 
300,000 to 399,999 139 107 44 100 " 55 3.2 re 
400,000 to 499,999 85 65 34.500 ba 18 2.3 o RC 
500,000 to 599,999 70 5.4 34,400 6.4 14 1.8 MS ei 
600,000 to 699,999 55 42 o sn Єй 11 14 o MM 
700,000 to 799,999 39 3.0 26.700 49 10 13 6,710 , 
800,000 to 899,999 ^ —— 33 2.5 25,400 4.7 4 0.5 310 14 
900,000 to 999,999 19 re: Trend Не ; 03 EE ocu 
1,000,000 to 1,499,999 68 59 ana БОО ja js 17 e 
1,500,000 to 1,999,999 19 15 Sof ie 3 0.9 11,400 i 
2,000,000 to 2,499,999 16 M 32505 ed 8 0.4 602000 а 
otal 122, 
"Раја are rounded to no more than three о digits ae t “Numb = а ions”; "m dd t Ыр a 
"Does not include recycle plants. = RA ER ОДНИ Я | 
| ES 
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TABLE 6 
LIMESTONE, DOLOMITE, CALCAREOUS MARL, AND MARBLE SOLD OR USED BY PRODUCERS IN THE UNITED STATES 
IN 2011, BY STATE! 


(Thousand metric tons and thousand dollars) 


Limestone Dolomite Calcareous marl Marble 
State Quantity Value Quantity Value Quantity Value Quantity Value 

Alabama O — 27000 23800 220 16400 å O ë- т су 
Alaska 22 = -— Ба 23 NS zt 
Arizona 3,250 ? 27,200 - -- - ~ - == 
Arkansas 9,250 77,300 646 5,710 -- — -- -- 
California 13,700 3 108,000 125 690 ~ =: а = 
Colorado 414 3,750 23 179 Еі = 89 694 
Connecticut 1,150 3 23,700 (4) (4) = 2 210 2,940 
Delaware (2) (2) = EN s L - ES 
Florida 37,000 ? 468,000 (4) (4) -- -- -- -- 
Georgia 4,660 54,700 == = = = 1,600 31,700 
Hawaii 23 442 = EN 2. Ри гы Ра 
Idaho 257 4,230 БА = Ра а = - 
Illinois 41,400 ? 381,000 9,870 110,000 = us - a 
Indiana 37,700 3 267,000 4,360 33,100 -- -- Е Е 
lowa 31,900 3 309,000 203 1,990 a == ЗА ЗА 
Kansas 14,100 ? 115,000 = = за EN as 
Kentucky 47,900 3 462,000 > > = = = - 
Louisiana (2) (2) A 5 2 a a = 
Maine 1,680 10,800 m = 2 E Ss = 
Maryland 12,000 3 118,000 == = = ЗА (2) (2) 
Massachusetts 1,010 3 11,500 (4) (4) = m - E 
Michigan 15,300 ? 70,100 4,570 24,800 2 17 -- -- 
Minnesota 3,010 3 34,400 1,760 24,800 = — ~ - 
Mississippi 2,700 64,600 -- - Ss 25 2 == 
Missouri 60,000? 468,000 1,840 14,500 -- -- 16 135 
Montana 1,480 13,600 -- -- m -- -- -- 
Nebraska 7,330 66,800 -- -- -- -- -- -- 
Nevada 2,460 23,300 (4) (4) -- -- -- -- 
New Hampshire (2) (2) = ed m " zs ie 
New Jersey 141 1,290 -- -- -- — -- - 
New Mexico 3,510 24,400 -- = € -- -- -- 
New York 19,600 ? 221,000 8,830 97,800 -- -- 36 392 
North Carolina 3,890 55,300 290 4,200 -- -- -— = 
North Dakota 52 = "S E - = zh -- 
Ohio 47,300 ? 390,000 1,430 11,000 -- -- = = 
Oklahoma 33,700 ? 262,000 1 8 — = = Е 
Огероп (2) (2) (2) (2) E ЕК zs = 
Pennsylvania 51,700 3 585,000 9,690 100,000 -- - 84 642 
Rhode Island ET 22 = 55 » "D -- -- 
South Carolina 4,680 31,000 ze == 1,320 7,420 (2) (2) 
South Dakota 2,870 24,900 Е = -- -- = = 
Tennessee 37,100 3 462,000 326 3,810 -- = = = 
Texas 105,000 3 717,000 (4) (4) 406 3,170 49 2,550 
Utah 3,890 33,000 2,350 16,200 -- -—- = = 
Vermont 1,880 3 18,000 81 682 - 2. 1,320 13,900 
Virginia 14,100 3 195,000 1,440 19,800 -- — (2) (2) 
Washington 1,100 3 13,000 224 3,550 – -- (2) (2) 
West Virginia 15,200 157,000 -- — – E E МЕ 
Wisconsin 20,000 3 104,000 125 728 -- -- 85 442 
Wyoming 3,370 19,300 -- -- = = = us 
Total 746,000 6,730,000 50,400 490,000 1,730 10,600 3,490 53,500 

-- Zero. 


‘Data are rounded to no more than three significant digits; may not add to totals shown. 


“Includes limestone-dolomite reported with no distinction between the two kinds of stone. 
*Withheld to avoid disclosing company proprietary data; included with “Miscellaneous stone” on Table 8. 


“Withheld to avoid disclosing company proprietary data; included with “Limestone.” 
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TABLE 7 
GRANITE, TRAPROCK, SANDSTONE AND QUARTZITE, AND SLATE SOLD OR USED BY PRODUCERS IN THE UNITED STATES 


IN 2011, BY STATE! 


(Thousand metric tons and thousand dollars) 


Granite Traprock Sandstone and quarz? № | 
State Quantity Value Quantity Value — Quantity Value Quantity = 
“йш _ зу ит хш = ы Ce ШШ 
Alaska 152 2,280 (3) (3) J T р | 
Arizona 2,480 18,700 104 1,370 759 5,860 = " 
Arkansas 6,400 53,600 - -- 8,510 D gis > a 
California 8,850 84,500 3,930 38,700 974 9,770 E | 
Colorado 4,430 33,200 3 19 81 2а F 
Connecticut 578 7,520 4,540 56,500 - а 3 А 
Delaware us = (3) (3) Ер ~ - 
Florida 467 7,300 -- os 62 153 # 
Georgia 35,000 389,000 - -- (9) ái А - 
Hawaii Е > 3,860 77,700 = 2а : - 
Idaho 259 1.030 1,130 4,830 93 ae Е 
Illinois =з > -- -- 23 326 1 a 
Indiana $5 + -- -- "е " А 3 
Iowa = T = -- = © $ * 
a а т и = z 1,270 10,600 а р 
Kentucky - - = -- = E Е 
Louisiana as we E -- (3) ~ 
Maine 1,420 10,900 75 989 204 1,490 3 
Maryland 3,810 37,100 4,070 46,900 77 2,090 5 
Massachusetts 3,020 33,600 5,180 55,000 | А 
Michigan не ЕА (3) (3) а ы 
Minnesota 3,320 40,500 A -- (3) sj E 
Mississippi be TT =. - s K 
Missouri 1,160 73,600 1,460 12,600 + y 
Montana 107 1,240 254 2,780 (3) 5 3 
Neimsta о 00 T LR m E 10 92 
Nevada 80 881 709 8,460 805 spake 
New Hampshire 2,900 25,400 1,590 15,200 164 1,899 
New Jersey 5,560 50,700 8,120 80,400 Rs » О 
New Mexico == A 25 -- 178 1,260 (3) 
New York 1,730 24,100 (3) (3) 2,400 27,400 514 138 
North Carolina 29,900 437,000 5,460 81,100 = » 
North Dakota t à: > E 897 4,050 
Ohio РА РА bts Ра 172 1,590 i 
Oklahoma 2,550 21,900 -- == 970 is = 
Oregon 355 2,630 8,230 66,400 21 dis g M 
Pennsylvania 3,400 37,500 5.110 52.100 11,000 115,000 Т 
Rhode Island 746 7,940 656 6,950 Г. Е i 
South Carolina 12,700 153,000 = -- а я | 
South Dakota ја 2n S * 2.840 20,600 
Tennessee (3) (3) 5 к. 945 10,100 " 
Texas (3) (3) (3) (3) 4,480 20,400 * 
Utah x t 5 y 76 736 "T 1,840 
Vermont 299 3,210 12 122 1,320 15,100 59 
а — 22,300 334,000 9,270 134,000 1,240 ame E 
West oy 572 5,940 6,900 57,900 585 - 
Ба Е = 72 2 2 1,010 12,200 ЕЯ 
Wisconsin i 2,170 11,600 1,200 6,180 13 i = 100 
yoming 2,150 13,600 ied Tao qa am 1 
а 161,000 1,940,000 71,800 806000 — 42100 3840 297 — 
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TABLE 8 


ми SHELL, VOLCANIC CINDER AND SCORIA, AND MISCELLANEOUS STONE SOLD OR USED 


BY PRODUCERS IN THE UNITED STATES IN 2011, BY STATE! 


(Thousand metric tons and thousand dollars) 


Xf Shell Volcanic cinder and scoria Miscellaneous stone 

prae State Quantity Value . Quantity Value — Quantity Value 
E Alabama -- - - = 1,120 10,071 
: Alaska (2) (2) -- - 1,130 12,100 
+ Arizona -- -- 99 840 1,570 9,930 
"x Arkansas -— -- -- -- 1,100 9,360 
(^ California (2) Q) 303 3,050 4,920 50,500 
= Colorado - - Q) Q) 1,160 9,800 
А Connecticut = a БА ян 834 10,700 
Delaware -- -- К m W W 
Florida 1,640 19,500 — -- 1,080 12,800 
Ў Georgia -- -- -- -- 210 2,370 
Hawaii -- -- 365 2,990 240 4,880 
: Idaho — -- 25 74 2,150 10,700 
% Illinois - => - = 135 827 
у Indiana - - = = 138 994 
lowa -- -- 25 - = кя 
Е Kansas = x Du = = = 
= Kentucky - - ы а 44 426 
Louisiana (2) (2) ы БЕ W W 
Maine ш = -- -- 268 2,470 
A Maryland -- -- - -—- 430 4,600 
p Massachusetts -- -- ES = 1,430 15,200 
Е Michigan -- -- -- -- 859 4,040 
Minnesota = -- -- -- 511 5,660 
Mississippi -- = ЕА те 28 375 
s Missouri -- -- — -- 218 1,890 
Montana -- -- 27 254 336 2,920 
Nebraska — — -- -- 96 3,230 
. Nevada -- -- (2) (2) 3,260 37,000 
| New Hampshire -- -- Е x 381 3,140 
| New Jersey -- = =e a zs - 
New Mexico -- -- 265 1,590 1,880 14,100 
New York -- -- -- -- 3,480 43,200 
North Carolina -- -- -- -- 2,450 36,200 
North Dakota ~ E 476 4,270 166 803 
Ohio -- -- B -- 383 3,100 
Oklahoma -- -- -- -- 1,820 13,700 
Oregon — = (2) (2) 6,710 48,800 
| Pennsylvania -- -- -- — 7,250 76,500 
{ Rhode Island -- -- == -- 122 1,300 
South Carolina -- за ак du 707 8,220 
South Dakota -- = „+ -- 329 3,780 
Tennessee — = Es = 515 6,890 
Texas ET => = e 6,290 43,800 
Utah -- — 7 50 1,680 11,800 
Vermont = да z -- 945 9,140 
| Virginia » - т = 1,010 14,500 
Washington — = 71 664 5,360 45,300 
West Virginia -- -- -- -- == BS 
Wisconsin 54 me es -- 139 718 
Wyoming -- - 2,630 13,600 2,900 2,390 
Other = ба == -- 6,270 101,000 
4 Total 1,640 19,500 4,270 27,400 74,100 711,000 

/ W Withheld to avoid disclosing company proprietary data; included with “Other.” -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


*Withheld to avoid disclosing company proprietary data; included with “Miscellaneous stone.” 
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TABLE 9 


І 
CRUSHED STONE SOLD OR USED ВУ PRODUCERS IN THE UNITED STATES, BY USE 


М me 
Quantity 


(thousand 
etric tons) 


Coarse aggregate (+17, inch): 
Macadam 
___Кіргар and jetty stone. =~ 
CI Apu e эсс» ыы: 
Unspecified coarse aggregate 
Coarse aggregate, graded: 
Concrete aggregate, coarse 
Bituminous aggregate, coarse 
Bituminous surface-treatment aggregate 
Railroad ballast 
Unspecified graded coarse aggregate 
Fine aggregate (- % inch): 
Stone sand, concrete 
Stone sand, bituminous mix or seal 
Screening, undesignated 
Unspecified fine aggregate 
Coarse and fine aggregates: 
Graded road base or subbase 
Unpaved road surfacing 
Terrazzo and exposed aggregate 
Crusher run or fill or waste 
Roofing granules 
Unspecified coarse and fine aggregates 


Unspecified and other construction materials 
Agricultural: 


Agricultural limestone 

Poultry grit and mineral food 

Unspecified and other agricultural uses 
Chemical and metallurgical: 

Cement manufacture 

Lime manufacture 

Dead-burned dolomite manufacture 

Flux stone 

Chemical stone 

Glass manufacture 


Sulfur oxide removal 
D EE a з Н 


Special: 


Mine dusting or acid water treatment 
Asphalt fillers or extenders 
Whiting or whiting substitute 
Other fillers or extenders 

Other miscellaneous uses and specifi 

Unspecified:? 

Reported 

Estimated 

Total or average 


ed uses not listed 


Data are rounded to no more than three signifi 
2 ; и 

Estimated quantities for the prior year have 
3 , 

Reported and estimated production without 
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2010? 


Value 
(thousands) 


1,280 $12,700 
10,100 115,000 
3,540 36,000 
21,300 221,000 
27,000 258,000 
26,400 260,000 
5,900 69,100 
5,770 55,500 
93,100 1,130,000 
3,580 40,800 
6,510 63,300 
10,900 99,000 
34,600 366,000 
59,200 449,000 
14,800 119,000 
290 11,200 
16,800 123,000 
648 54,600 
82,800 793,000 
5,230 54,600 
10,900 91,800 
1,330 26,700 
692 23,200 
53,800 287,000 
18,500 194,000 
383 2,050 
2,510 18,600 
137 1,290 
821 8,240 
7,720 72,300 
727 21,900 
1,400 14,800 
235 11,100 
2,600 62,800 
5,250 52,300 
313,000 3,000,000 
307,000 2,860,000 
1,160,000 11,100,000 


cant digits, except unit value; may not add to totals shown. 
been recalculated. 


a breakdown by end use. 
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Unit 


value 


$9.97 
11.31 
10.17 
10.35 


9.54 
9.86 
11.71 
9.63 
12.17 


11.38 
9.72 
9.10 

10.57 


7.60 
8.05 
38.58 
$5.34 
84.28 
9.57 
10.45 


8.46 
20.12 
33.55 


5.32 
10.50 
3 
7.41 
9.45 
10.04 
9:37 


30.13 
10.61 
47.34 
24.13 

9.97 


9.60 
9.29 
9.58 


Quantity 
(thousand 
metric tons) 


1,540 
13,300 
2,870 
14,700 


31,300 
25,100 
6,510 
7,200 
92,000 


4,670 
7,590 
9,370 
27,900 


58,200 
11,900 
960 
23,600 
1,660 
82,700 
4,420 


8,710 
1,020 
880 


58,800 
14,900 
586 
1,420 
40 
773 
6,040 


807 
1,380 
163 
3,620 
8,460 


300,000 
324,000 
1,160,000 


2011 


Мајџе 


$17,200 
144,000 

30,000 
162,000 


292,000 
269,000 
82,200 
72900 
1,130,000 


50,400 
83,200 
39,200 
298,000 


444,000 
99,800 
10,000 

165,000 
78,500 

758,000 
46,200 


80,600 
20,500 
24,200 


284,000 
183,000 
3,230 
13,800 
810 
4,050 
60,500 


28,800 
17,500 

7,680 
81,900 
82,100 


2,990,000 
3,010,000 
000 


Unt 
thousands) wh 


Use 


TABLE 10 
UST y LIMESTONE AND DOLOMITE SOLD OR USED BY PRODUCERS IN THE UNITED STATES IN 2011, BY USE!” 


(Thousand metric tons and thousand dollars) 


чт? 
тт ом >> Ё$дДрщрдрдЩ a er ee 
Limestone" Dolomite 


Хад 
а | Use Quantity Value Unit value Quantity Value Unit value 
~~ Construction: 
Coarse aggregate (+1% inch): 
E Macadam 1,090 12,500 $11.54 71 1,030 $14.44 
E Riprap and jetty stone 9,950 98,200 9.88 367 4,440 12.08 
.- Filter stone 1,790 16,400 9.19 38 393 10.45 
P Unspecified coarse aggregate 10,800 110,000 10.23 265 2,630 9.92 
Coarse aggregate, graded: 
Т Concrete aggregate, coarse 20,100 173,000 8.65 3,030 31,100 10.27 
ч Bituminous aggregate, coarse 8,350 86,000 10.30 2,580 29,900 11.58 
pP Bituminous surface-treatment aggregate 3,030 35,400 11.69 1,360 15,800 11.64 
т Railroad ballast 1,270 11,500 9.01 156 1,580 10.13 
КА Unspecified graded coarse aggregate 65,800 750,000 11.40 1,740 18,200 10.50 
“1 ^ Fine aggregate (- % inch): 
: Stone sand, concrete 2,320 21,700 9.35 140 1,500 10.74 
е Stone sand, bituminous mix or seal 3,220 34,200 10.62 909 11,400 12.56 
E Screening, undesignated 4,470 31,300 7.00 946 19,000 20.05 
~ Unspecified fine aggregate 16,700 173,000 10.32 790 7,540 9.54 
24 Coarse and fine aggregates: 
Graded road base or subbase 38,500 267,000 6.94 3,370 29,000 8.61 
а ‘Unpaved road surfacing 8,690 71,100 8.18 822 8,310 10.10 
Lr Terrazzo and exposed aggregate 94 1,720 18.38 W W W 
h Crusher run or fill or waste 16,800 109,000 6.46 1,670 14,000 8.38 
a Roofing granules W W W W W W 
до Unspecified coarse and fine aggregates 52,700 473,000 8.97 3,590 28,500 7.93 
"3 | Unspecified and other construction materials 3,370 30,600 9.08 127 377 2.96 
‚г ' Agricultural: 
| Agricultural limestone 7,770 70,300 9.05 938 10,300 10.96 
„ ! Poultry grit and mineral food 949 16,300 17.13 22 ыы E 
= 4 Unspecified and other agricultural uses 634 8,500 13.41 136 14,800 108.15 
s | Chemical and metallurgical: 
| Cement manufacture 57,000 275,000 4.82 W W W 
в) Lime manufacture 13,700 175,000 12.85 1,230 7,570 6.13 
i { Dead-burned dolomite manufacture == - гё W W W 
а Flux stone 1,240 12,600 10.22 W W W 
Chemical stone W W W W W W 
t Glass manufacture 301 2,480 8.25 -- = ач 
i Sulfur oxide removal 6,040 60,500 10.02 -- аш = 
і Special: 
Mine dusting or acid water treatment 736 26,300 35.76 W W W 
j Asphalt fillers or extenders 1,050 14,100 13.43 W W W 
Whiting or whiting substitute 63 1,150 18.26 W W W 
Other fillers or extenders 2,560 55,600 21.73 31 216 7.03 
„+ Other miscellaneous uses and specified uses not listed 5,910 50,000 8.45 470 4,890 10.40 
| Unspecified: 
Reported 159,000 1,490,000 9.38 15,800 164,000 10.38 
4 Estimated 224,000 2,020,000 9.01 9,820 84,800 8.64 
Б лош огауеаре 751,000 6,790,000 9.05 51,200 517,000 10.10 
4 W Withheld to avoid disclosing company proprietary data; included with “Total or average." -- Zero. 
7 'Data are rounded to no more than three significant digits; may not add to totals shown. 
?Totals may not match totals shown in Table 2 because of concealments. 
"Includes a minor amount of limestone-dolomite reported without a distinction between the two. 
“Reported and estimated production without a breakdown by end use. 
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TABLE 11 ; 
LIMESTONE AND DOLOMITE SOLD OR USED BY PRODUCERS IN 2011, BY STATE AND USE 


(Thousand metric tons and thousand dollars) 
Concrete aggregate 


: 1 onstruction we 
Bituminous aggregate Roadstone and coverings Riprap and railroad ballast — Other construction ws 


- ; uantity Vahe 
State Quantity Value Quantity Value Quantity Value ==" BERE T Q TET 
Alabama 1,550 13,700 6,560 .62,200 1,770 17,700 1 » 


Alaska = Ре os = x М M 4 = E 
izona -- -- – > E " 2,170 6 
Ae 137 1,190 451 4,940 562 4,100 75 P n$ M 
California W W W W 138 1,490 К e И 5 
Colorado -- -- -- -- W W ы) у W i 
Connecticut — = => zx RE У Й E - j 
Delaware -- =- = хе У еч 1.420 2,660 na 
Florida 3,660 52,600 4,250 86,300 3,550 23,700 56 j^ VER" 
Georgia W W W W 129 1,670 W 3 А. 
Hawaii -- -- -- - sz Е E > = 
Idaho = - W W - * ^ 640 4240 28 
Illinois 2,130 16,400 7,090 78,200 3,340 24,200 562 Re 400 № 
Indiana 2,400 18,700 6,860 52,900 3,710 24,600 ae 2600 150 15% 
lowa 1,570 17,300 464 4,460 4,310 37,200 157 an ge в 
Kansas 57 2,730 709 7,150 1,200 8,630 6] sap 5080 7M 
Kentucky 2,020 19,500 6,110 63,800 3,820 36,000 538 њу W 
Louisiana W W W W W W i ч - н 
Maine 109 520 = -- 23 164 а Ww 756 # 
Maryland 463 4,690 2,130 24,100 215 2,280 W P 124 ји 
Massachusetts 218 2,550 -- — W W e 5300 596 E 
Michigan 2,280 11,600 242 1,480 2,270 9,790 197 ies 68 
Minnesota W W W W 544 5,820 W > W " 
Mississippi? W W W W W W Е: 2940 180 1 
Missouri 1,460 12,600 1,880 16,300 4,300 26,600 3,580 ge Y 
Montana ва = == 22 W W W W W 
Nebraska W W W W W w " B - 
Меуада = z зе = -- = 57 2, -- 
New Hampshire -- RS = == -- = z E ~ 
New Jersey з 5 na = ЕА = = 36 
New Mexico W W 644 3,000 45 478 35 6 d 4,820 45,00 
New York 2,650 31,100 3,640 46,000 3,040 28,100 465 ri 40 
North Carolina -- = en > -- si =“ % - "m 
North Dakota M T ж 2: S. -- x 3070 1130 34 
Ohio 3,070 23,700 6,960 70,800 3,630 27,800 378 ee 5,560 
Oklahoma 925 7,690 7,150 57,700 1,650 13,400 290 + пи y 
Огероп = = W W 56 -- W 16 300 8,490 | 
Pennsylvania 3,310 33,300 7,490 79,800 8,360 85,600 1,470 о - 
Rhode Island за = " " Ed 5a e У W 
South Carolina W W е ҺА W W T 2 (3) 91,90 
South Dakota == == -- -- >= Е ЎА 7,870 9,120 m. 
Tennessee 2,760 36,300 9,260 126,000 2,920 27,100 709 7520 10500 ү 
Texas 7,820 54,700 9,120 111,000 8,950 46,200 785 д ү » 
Veh. —— x Ta W W 15 61 5 rs 404 73,000 
Vermont ү W 96 744 65 610 ai: 2.360 2,110 ' у 
Virginia 1,050 13,700 1,270 16,400 1,340 16,000 171 an Wn 
Washington W W W W 158 743 = 1.990 1,470 ) 
West Virginia 392 4,840 906 9,700 877 8,980 117 7770 2,180 
Wisconsin 196 953 811 5,730 1,730 7,510 907 , 
Wyoming 2 B 
О. 380,000 928,000 — 62,600 486,000 11,500 3890___33909 ——5% 
. Total withheld | 2,300 27,300 


4,020 66,900 969 16,000 288 776,000 86,200 
Grand total “3,100 40500 88,100 995000 63,600 502,000 11,700 | 
See fotnotes at end of table, 
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TABLE 11—Continued 
LIMESTONE AND DOLOMITE SOLD OR USED BY PRODUCERS IN 2011, BY STATE AND USE! 


(Thousand metric tons and thousand dollars) 


о rr а 


Е Cement manufacture Agricultural uses Lime manufacture Other uses Total 
БЫ Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 
^ _ #1! Alabama 1,550 6,860 186 1,740 4,310 23,400 8,540 80,800 29,200 254,000 
к  * Alaska -- -- -- -- ~~ -— -— -- -- ~ 
- Arizona W W -- а = -— 2,600 19,700 2,600 19,700 
-  - Arkansas W W 146 1,670 W W 5,700 49,600 9,240 78,300 
т +  Califomia 6,880 19,600 151 6,190 W W 6,140 76,600 13,600 106,000 
у t Colorado -- -- -- -- -- -- 399 3,390 399 3,390 
$ | Connecticut -- -- - -- -- — 750 9,580 750 9,580 
; | Delaware -- -- -- -- -- - W W (4) (4) 
| . Florida 484 1,600 292 2,380 -- -- 22,100 277,000 37,000 468,000 
2 Georgia W W 123 982 -- -- 2,470 30,300 4,660 54,700 
| Hawaii -- -- -- -- — -- 23 442 23 442 
Idaho 2 2 W W -- -- W W 2 2 
Illinois W W 1,460 11,300 -- -- 31,700 318,000 51,300 491,000 
Е Indiana 3,150 15,600 1,220 7,920 -- -- 19,900 150,000 42,000 300,000 
> ‚ Тома 674 | 1,490 1,140 10,800 W 22,000 218,000 32,100 311,000 
: , Kansas W W 166 799 -- -- 8,630 71,900 12,200 98,600 
F Kentucky -- - 395 2,780 W 31,500 304,000 47,900 462,000 
А Louisiana -- - — — -- — W W (4) (4) 
^' Маше Ww W T = ы = 1,040 7,590 1,170 8,270 
Магу!апа W W W W -— -- 5,950 64,300 9,510 102,000 
°, Маззасћизе -- = -- — W W 555 5,910 896 10,100 
Michigan 4,080 9,560 159 736 - S 10,000 55,600 19,900 94,900 
' X Minnesota -- -- 71 518 -- -- 3,930 50,800 4,620 57,900 
- Mississippi? -- -- W W Е Р 708 17,400 708 17,400 
| Missouri 8,020 37,900 764 3,780 W W 38,500 337,000 61,800 483,000 
: Montana W W W W W W 737 6,830 737 6,830 
ЗА ' Nebraska W W 268 4,680 = = 3,780 40,300 4,050 45,000 
P Nevada W W W W W W W W (4) (4) 
i New Hampshire -- -- -- -- -- -- 85 750 85 750 
| New Jersey -- — -- -- -- -- 141 1,290 141 1,290 
i New Mexico 328 1,930 -- -- s -- 2,340 16,900 3,430 23,300 
3 New York 660 7,060 143 2,520 — — 13,000 152,000 28,400 319,000 
es North Carolina -- — 22 = = = 4,140 59,000 4,180 59,500 
gf North Dakota -- -- БА => га us "5 -- -- Е 
"E Ohio W W 923 7,830 -- -- 21,700 170,000 47,900 388,000 
Ир. Oklahoma -- -- 247 2,360 W W 17,700 142,000 33,500 261,000 
E Oregon -- -- \ ү ЗА = W W (4) (4) 
E Pennsylvania 2,330 13,900 499 6,500 2,770 87,700 26,700 310,000 61,400 685,000 
Rhode Island 22 ы ки РА SE __ _. РЕ БЕ 
и South Carolina W W = = = or 1,980 20,400 4,680 31,000 
South Dakota W W -- ue os -- 2,140 22,800 2,140 22,800 
| Tennessee W W 147 2,170 195 24,200 11,800 148,000 36,900 463,000 
Texas 9,730 33,800 582 6,640 1,380 4,780 56,500 364,000 105,000 717,000 
J Utah 1,990 17,600 W W W W 2,900 21,600 4,900 39,400 
j Vermont -- -- W W за as 1,380 14,400 1,940 18,600 
y Virginia 1,130 7,940 619 14,800 Р -- 7,810 120,000 15,500 214,000 
; Washington 1 10 W W = - 1,080 10,800 1,320 16,600 
4 West Virginia W W W W = Bs 9,610 101,000 13,400 149,000 
f Wisconsin -- -- 407 4,870 -- -- 13,900 72,900 20,200 105,000 
1 Wyoming 882 3,400 = oe a ds 2,490 15,900 3,370 19,300 
| Total —— 41,900 184,000 10,100 104,000 8,650 140,000 425,000 3,960,000 XX XX 
| _ Total withheld __ 15,200 91,000 323 16,100 6,830 46,200 1,410 15,800 XX XX 
1 Grand total 57,100 275,000 10,400 120,000 15,500 186,000 | 426,000 3,970,000 802,000 7,310,000 
| W Withheld to avoid disclosing company proprietary data; included in “Total withheld.” XX Not applicable. -- Zero. 
4 ‘Data are rounded to no more than three significant digits; may not add to totals shown. 
| ^A significant amount of sold or used material was shipped in from other States. 
?Less then № unit. 
“Withheld to avoid disclosing company proprietary data; included in “Grand total.” 
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енн TES IN 2011, BY USE! 
GRANITE, TRAPROCK, SANDSTONE AND QUARTZITE SOLD OR USED BY PRODUCERS IN THE UNITED STA i 


(Thousand metric tons and thousand dollars) 


ss et nn SE e t 


F 
Granite Traprock — Sandstone nd qu 
Use — Quantity Value — Quantity Value Quantity 
е aggregate (+1: inch): ү 
ge E | Ма d aS 9 + 618 ЫЎ 
___Еђргар and jetty опе о 1,290 17,200 P AS 26] Ж 
_Filterstone SSCS 277 4,090 ai о вв M 
. Unspecifiedcoarseaggregate — ^ ^ ^ ^ о 1,460 24,300 1,17 be 
Coarse aggregate, graded: 0 1,130 
Concrete aggregate, coarse 3,870 37,600 1,940 FER 1070 12800 
Bituminous aggregate, coarse 7,460 79,300 4,590 6210 570 5010 
Bituminous surface-treatment aggregate 472 9,410 633 i N 400 117 1,990 
Railroad ballast 3,260 34,700 ae ea вт 78 
Unspecified graded coarse aggregate 18,700 284,000 4,150 , " 
Fine aggregate (- % inch): 103 
epe a 1,060 13,300 246 | : e 702 3n 
Stone sand, bituminous mix or seal 1,480 15,800 996 Tá 30 239 p 
Screening, undesignated 2,680 26,200 723 pen 703 1] 
Unspecified fine aggregate 6,880 78,700 2,480 i T 
Coarse and fine ageregates: 2.610 ^ 
Graded road E 4,410 45,700 5,430 b , s +. 515 599 
Unpaved road surfacing | 447 3,450 1,070 p 2] и 
Terrazzo and exposed aggregate 659 3,300 10 4.120 952 | 
Crusher run or fill or waste 2,200 19,100 492 Ww W " 
Roofing granules 1,410 74,100 W 63.000 706 m 
Unspecified coarse and fine a egates 17,300 174,000 6,410 1:52 0 247 
Unspecified and other construction materials 154 1,270 112 | 
Agricultural: 2 = 
Agricultural limestone xis а 7 5. W 
Poul it and mineral food xs E x M l 
Unspecified and other agricultural uses W У ых 
Chemical and metallurgical: ii W 
Cement manufacture ~- = | Р E si 
Lime manufacture - = ds р = 
Dead-burned dolomite manufacture -- = = А W 
Flux stone -- = zx _ -- Y 
Chemical stone -- — úi z 413 ' 
Glass manufacture -- = + Е -- 
Sulfur oxide removal -- - s 
Special: <. -- 
Mine dusting or acid water treatment -- -- Р ЈЕ = 
Asphalt fillers or extenders W W T 3 - 
Whiting or whiting substitute -- —` P $ - 14.100 
Other fillers or extenders 296 1,980 z 512 650 
Other miscellaneous uses and specified uses not ded — 576 4,020 59 "m 
Unspecified? -—— T 
варом 65,600 790,000 21,200 sac 15,300 
Estimated 19,500 208,000 21,800 237,000 44,000 : 
Total 162,000 1,950,000 75,900 850,009 
W Withheld to avoid disclosing company proprietary data; included with “Total.” -- Zero. 
"Data are rounded to no more than three Significant digits; may not add to totals shown 
Includes sandstone-quartzite reported with no distinction between the two kinds of stone 
й Reported and estimated production without a breakdown by end use. 
S YEARBOOK— 
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TABLE 13 
DNT MARBLE, VOLCANIC CINDER AND SCORIA, AND MISCELLANEOUS STONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES 
IN 2011, BY USE! 


\— -> = 
* + 


(Thousand metric tons and thousand dollars) 


си = Marble Volcanic cinder and scoria Miscellaneous stone 
= Use Quantity Value Quantity Value Quantity Value 
Construction: 
FEE Coarse aggregate (+1% inch): 
up d Macadam 20 175 -= -- 52 194 
: Ж Riprap and jetty stone W W 1 15 537 7,890 
б i Filter stone -— Е = 5s 143 1,630 
| Unspecified coarse aggregate W W W W 224 2,090 
"NET Coarse aggregate, graded: 
We ms Concrete aggregate, coarse W W W W 1,120 14,500 
к l Bituminous aggregate, coarse W W == == 785 8,110 
a i Bituminous surface-treatment aggregate W W -- -— 431 6,940 
3 e Railroad ballast 2 Ys к m 1,110 10,800 
О! Unspecified graded coarse aggregate W W 30 235 350 2,580 
Fine aggregate (- % inch): 
|! Stone sand, concrete 68 729 12 179 127 1,720 
EE Stone sand, bituminous mix or seal W W — m 242 3,120 
AN Screening, undesignated W W W W 310 2,750 
L Unspecified fine aggregate W W 16 144 231 2,080 
Coarse and fine aggregates: 
2 Graded road base or subbase WwW W W 3,320 30,500 
у Unpaved road surfacing = 2e 8 109 238 4,540 
: Terrazzo and exposed aggregate W W W 150 1,560 
f Crusher run or fill or waste W W 322 1,420 902 7,800 
| Roofing granules W W W W 2 18 
1 Unspecified coarse and fine aggregates W W -- -- 1,850 12,900 
x Unspecified and other construction materials W W 112 1,240 267 2,350 
Agricultural: 
, Agricultural limestone 53 ы = is 2 = 
І Poultry grit and mineral food = -- a = е ш 
Unspecified and other agricultural uses W W W W 57 207 
Chemical and metallurgical: 
| Cement manufacture нЕ те 2s ae 299 1,060 
Lime manufacture 2. КЪ UN 22 -- -- 
Dead-burned dolomite manufacture "s Be Е = -- -- 
| Flux stone om а, by = <- -- 
Chemical stone es zs P => -- -- 
: Glass manufacture E та = 22 -- -- 
i Sulfur oxide removal ^ = = ET -- – 
Special: 
Mine dusting or acid water treatment W W 22 -- -- x 
Asphalt fillers or extenders zs та 22 -- -- йа 
Whiting or whiting substitute W W = -- = = 
Other fillers or extenders 735 24,000 = =- -- E 
| Other miscellaneous uses and specified uses not listed 2 326 17 250 750 8,780 
Unspecified:” 
Reported dc x 3,120 18,000 19,900 135,000 
| Estimated 3,790 39,100 691 6,390 25,300 229,000 
4 Total 5,880 90,000 4,460 29,500 58,700 498,000 
у W Withheld to avoid disclosing company proprietary data; included with “Total.” -- Zero. 
Data are rounded to no more than three significant digits; may not add to totals shown. 
Reported and estimated production without a breakdown by end use. 
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ТАВГЕ 14 
RECYCLED ASPHALT SOLD OR USED ВУ PRODUCERS IN THE UNITED STATES, ВУ STATE! 


S ae a ==] шуй es ee ee eee 


20107 2011 
Quantity Quantity 
(thousand Value Unit (thousand Value Unit 
аще тешсо)_ (thousands) _value__metric tons) (thousands) _ мш 
Alabama .  — — — 108 $1,610 $14.87 52 $852 $81653 
LI AME 35 673 19.03 39 606 156 
Arizona 182 1,730 9.50 127 1,300 10.19 
Arkansas _ 18 100 5.51 19 22 16 
Califomia —  —  — ^ 1,570 10,900 6.92 2,170 15,000 6 
Colorado 356 2,270 6.37 419 2,880 68 
Connecticut — — — — 102 685 6.74 88 606 68 
Delwae ——  — 0 0 3) 5 15.29 3) 5 ЕУ 
Боіја 101 1,580 15.72 244 2,930 120 
Georgia ___ 112 969 8.64 286 4630 1621 
Hawat o eee - - - - Е я 
Idaho —— 0 0 0 0 00. 114 708 619 41 257 fh 
Minos — — à ^ 902 7,870 8.72 1,210 8,520 19 
Indian ____ __ 198 2,070 10.46 198 1,630 827 
lowa o — 107 856 7.99 119 1,110 225 
Kansas 1,270 7160 5.64 721 ONE 
Kentucky —— — — 65 457 7.00 114 RR 
Louisiana ——  — _ 136 865 6.38 85 597 — 19 
Маг — — ^ — 39 520 13.49 50 62 05 
Maryland —^ 5 —— 186 943 5.07 156 1,350 860 
Massachusetts 0 167 1,310 7.85 330 2390: «09 
Michigan — — — 1,040 6,730 6.45 939 5800 6% 
Minnesota 507 4,040 7.96 776 630 58 
Mississippi 81 1,570 19.45 и ‚Жы: 
Missouri 31 120 3.88 88 Sp. в 
Montani 34 282 8.34 25 E 
Nebraska 55 477 8.65 101 es 
Nevada S 72 400 5.59 73 @ АЧ 
New Hampshire — — _ 276 3,500 12.67 168 I X 
New Jersey oS 53 312 5.85 18 C 
ло o 78 473 6.10 48 d 
PINSON MEME 378 3,080 8.14 593 AS | 
NothCanlin — —  — — 698 6,400 9.16 834 1900 № 
00 ae 10 124 1272 41 80 0M 
UE a m M 222 1,300 5.85 213 pu m 
Oklahoma с 57 628 1096 53 qu. m 
о 89 858 9.64 85 697 ње 
Pennsylvania —  — — 550 4,850 3.83 812 5,480 A 
Those Wiad- n __. 86 599 7.00 16 155 a 
South Carolina — 8 — 88$ 0 85 .— 219 3,680 16:84 199 3,630 DE 
South Dakota — — —  —— — 105 905 8.65 113 1,080 n 
а 94 806 8.56 129 1,680 Wes 
Texas 259 2,000 1.3 ; 208 ФАН qi 
Utah 37 238 6.47 160 iie 077 
ешон 50 992 19.95 53 576 adi 
Virginia 277 2,780 10.03 302 2.995 Am 
Washington 194 1.160 5.97 255 1,750 02 
West Virginia zi 2 i 11 34 2x 
Wisconsin 2 Pe 2,580 . 
г с Е ж ыы 
U.S. total ог average 12,800 100,000 7 85 13,400 106,000 I: 


Territory 
Puerto Rico -- = 
45 169 3.75 7.92 


Se a " 
Grand total or NEN a м 
LA average 12,800 100,000 7.83 13,400 106, 


| 
Data аге roun | TS 
: ded to no more than three significant digits, except unit value; may not add to totals shown. 


Estimated quantities f i 
or the prior year hav 
А у е ђееп recalculated. 
Less then Ф unit. 
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ТАВГЕ 15 
RECYCLED CONCRETE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, ВУ STATE! 


РИ Е НЕ ee ee ee ee, AND RUP eee 
2010? 2011 
cc uc M LIGNUM ere oe L E i m. MM. een 


Quantity Quantity 
(thousand Value Unit (thousand Value Unit 
State metric tons) (thousands) value metric tons) (thousands) value 
Alabama (3) 51 $8.17 (3) (3) $9.89 
Alaska 65 323 4.99 112 562 5.02 
Arizona 122 1,060 8.76 71 640 8.99 
Arkansas 27 60 2.20 | 7 date 
California 2,870 20,900 7.31 2,800 21,200 7.58 
Colorado 582 3,710 6.38 426 2,980 7.00 
Connecticut 101 737 7.33 77 533 6.94 
Delaware 108 598 5.51 1 13 10.99 
Florida 304 3,400 11.19 550 2,330 4.23 
Georgia 99 2,020 20.34 117 986 8.42 
Hawaii 6 70 12.26 6 81 13:235 
Idaho 181 1,090 6.00 18 120 6.61 
Illinois 836 6,640 7.94 1,690 13,400 7.93 
Indiana 114 863 7.54 183 1,420 7.76 
Iowa 240 1,170 4.88 265 1,470 5.53 
Kansas 275 1,870 6.80 317 2,330 7.33 
Kentucky -- -- -- -- -- -- 
Louisiana 39 691 17.75 31 519 16.50 
Maine 28 214 7.59 33 227 6.90 
Maryland 294 1,330 4.53 323 3,110 9.63 
Massachusetts 142 1,250 8.78 199 1,040 5.23 
Michigan 1,210 8,020 6.65 1,040 7,200 6.93 
Minnesota 571 4,250 7.44 731 5,170 7.07 
Mississippi 133 1,990 14.96 62 413 6.72 
Missouri 37 322 8.75 54 393 7.24 
Montana 34 282 8.34 25 120 4.84 
Nebraska 128 1,070 8.38 116 1,340 11.53 
Nevada 42 255 6.03 50 300 6.03 
New Hampshire 99 381 3.84 152 825 5.42 
New Jersey 195 1,360 6.97 199 1,420 7.15 
New Mexico 5 38 7.71 2 13 7.71 
New York 250 2,060 8.24 179 1,740 9.71 
North Carolina 222 2,490 11.21 261 2,950 11.31 
North Dakota 6 63 11.39 32 327 10.21 
Ohio 349 2,380 6.81 445 3,540 7.96 
Oklahoma 87 1,050 12.00 84 1,030 12.27 
Oregon 70 733 10.44 59 452 7.67 
Pennsylvania 352 1,740 4.94 350 1,750 5.00 
Rhode Island 84 583 6.9] 15 139 9.25 
South Carolina 219 3,310 15.07 245 3,510 14.34 
South Dakota 92 537 5.85 79 667 8.42 
Tennessee 22 155 7.19 30 157 5.28 
Texas 34 273 7.97 275 2,280 8.28 
Utah 280 2,340 8.37 162 1,360 8.37 
Vermont 4 20 5.38 21 115 5.38 
Virginia 674 6,000 8.91 833 7,210 8.65 
Washington 307 1,740 5.66 365 2,490 6.81 
West Virginia E + +. 2 5 de 
Wisconsin 1,700 9,160 5.38 589 3,050 5.18 
Wyoming 14 77 5,53 90 544 6.06 
U.S. total or average 13,600 101,000 7.38 13,800 103,000 7.52 
Territory 
Puerto Rico РА Ре = = > = 
Grand total or average 13,600 101,000 7.38 13,800 103,000 7.52 
-- Zero. 


'Data are rounded to no more than three significant digits, except unit value; may not add to totals shown. 
"Estimated quantities for the prior year have been recalculated. 
*Less then % unit. 
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TABLE 16 
CRUSHED AND BROKEN STONE OPERATIONS IN THE UNITED STATES IN 2011, BY STATE’ 


LE лл л лл i ул Ee FF 
Processing plants 


Stationary None or Sales 


Active Active Dredging 

бше operations  quamies operations Stationary Portable and portable шаре ла. 
Alabama 82 72 -— 56 9 4 3 \\ 
Alaska 23 31 - 4 15 ii 3 | 
Arizona 57 61 = 24 25 6 -- } 
Arkansas 83 83 -- 37 30 8 5 ) 
California 169 149 1 74 40 11 13 y 
Colorado 52 245 -- 13 27 = 5 || 
Connecticut 36 34 = 20 12 ] | ) 
Delaware 4 -- == 9 5 T = 4 
Florida 120 96 2 38 40 11 2 и 
Georgia 93 84 = 72 6 - 5 10 
Hawaii 26 27 = 8 15 3 - x 
Idaho 49 72 -- 9 32 1 6 | 
i... 155 133 1 76 44 5 7 Ӯ 
Tm. cra 99 91 = 80 5 3 3 і 
= 177 211 | 25 140 | 8 ) 
гт арни 76 87 " 20 45 4 | 6 
Kentucky 85 85 - 64 2 7 2 : 
Louisiana — _ 2 4 = 2 | | = 
Maine 27 23 = 12 7 3 l i 
Maryland 41 28 а 21 2 1 3 i 
Massachusetts 47 42 -- 26 10 2 3 à 
Michigan _____ 41 36 -- 19 9 | | А 
Minnesota 50 53 -- 11 25 l : à 
Mississippi 28 5 = 2 2 1 = 
Mao о. 206 211 =з 104 77 11 И А 
а 24 40 zs 7 17 i ES ; 
Nebraska Т п | 7 ; s Ed 
Nevada 25 25 -- 18 6 > à ) 
New Hampshire 30 28 == 12 10 2 5 ' 
New Jersey 26 20 -- 14 1 5 | | 
New Mexico 46 46 =“ 10 30 4 à 4 
New York 127 123 1 80 26 11 i 7 
North Carolina 141 121 -- 106 11 2 ; 3 
North Dakota 9 6 ЕА T 5 -- ; i4 
Ohio 114 103 5 69 21 5 н 2 
Oklahoma 74 79 = 50 9 4 é ; 
Oregon 164 182 за 43 105 4 ~ 8 
Pennsylvania 251 255 - 175 33 15 А ) 
Rhode Island 8 6 -- 6 -- & || 
South Carolina 45 34 -- 30 2 2 ү 3 
South Dakota 16 13 " 10 І 2 А 5 
Теппеѕѕее 130 126 = 109 11 18 
Texas 253 248 = 115 74 12 5 
Utah uA 40 39 = 13 19 А 4 
Vermont Ээн 44 42 - 16 17 : 3 
Virginia == 121 103 -- 83 7 Е 17 
Washington 114 134 -- 37 48 3 | 
West Virginia 36 31 -- 25 ! 2 15 
Wisconsin  . 156 226 = 42 86 ; E 
Wyoming Se DES = 

Total 3,884 4,036 7 1,899 


-- Zero. 
' Includes recycle plants. 
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TABLE 19 
THE ТОР 100 PRODUCERS OF CRUSHED STONE IN THE UNITED STATES! 
2011 2010 2011 2010 
Rank Rank Company Rank Rank Company 

| | _ Vulcan Materials Co. 51 54 Ттар Rock Industries, Inc. 

2 2 Martin Marietta Aggregates 52 43 Hoover, Inc. 

3 3 Lehigh Hanson, Inc. 53 51 Irving Materials, Inc. 

4 4 Oldcastle Materials, Inc. 54 67 Aggregates Management, Inc. 

5 5 Lafarge North America Inc. 55 75 Specialty Granules Inc. 

6 6 CEMEX S.A.B. de C.V. 56 62 Alamo Cement Co. 

7 7 — Carmeuse Lime & Stone 57 52 Мату Construction Co. 

8 9 Holcim Group/Aggregate Industries Management, Inc. 58 — Bluegrass Materials Co. 

9 8 Rogers Group, Inc. 59 59 Wendling Quarries Inc. 

10 10 New Enterprise Stone & Lime Co., Inc. 60 53 Laurel Aggregates, Inc. 

11 14 Lhoist North America 61 100 = Albert Frei & Sons, Inc. 

12 11 Luck Stone Corp. 62 98 Sherwood Construction Co., Inc. 

13 — Summit Materials, LLC. 63 70 Pete Lien & Sons, Inc. 

14 18 Техаѕ Industries, Inc. 64 66 Chantilly Crushed Stone, Inc. 

15 13 Ash Grove Cement Co. 65 55 МОО Aggregates, Inc. 

16 12 Dolese Bros. Co. 66 64 United States Lime & Minerals, Inc. 
17 15. Mulzer Crushed Stone, Inc. 67 72 Savage Stone, LLC 

18 16 Ready Mix USA Holding Co. 68 81 Kerford Limestone Co. 

19 27 — Graymont Ltd. 69 68  RiverStone Group, Inc. 
20 20 MDU Resources Group, Inc. 70 92 L. G. Everist, Inc. 
21 23 Fred Weber, Inc. 71 60 Snyder Associated Cos., Inc. 
21 19 National Lime & Stone Co. 72 79 Granite Construction Inc. 
22 25 Vecellio & Grogan, Inc. 73 80 Graniterock Co. 
23 17 Eucon Corp. 74 65 Melvin Stone Co. 
24 22 Buzzi Unicem USA Inc. 75 82 Pounding Mill Quarry Corp. 
25 21 The H&K Group 76 73 Weldon Materials, Inc. 
26 24 Mississippi Lime Co. 77 56 Отуа Inc. 
27 27 Capitol Aggregates, Inc. 78 58 The DePaul Group 
29 26 Tower Rock Stone Co. 79 9] Yager Materials 
30 29 Eagle Materials Inc. 80 94 East Fairfield Coal Co. 

31 34 Titan America LLC 81 95 Peckham Industries, Inc. 

32 4] Colorado Materials, Ltd 82 86 River Products Co., Inc. 

33 32 Colas Inc. 83 97 Mitsubishi Cement Corp. 

34 30 Texas Crushed Stone Co., Inc. 84 — Salem Stone Corp. 

35 35 ESSROC Cement Corp. 85 96 Glasgow, Inc. 

36 33 Glenn O. Hawbaker, Inc. 86 99 BMC Aggregates, L.C. 

37 37 Boxley Materials Co. 87 85 B.V. Hedrick Gravel & Sand Co., Inc. 
38 36 Wake Stone Corp. 88 74 Columbia Quarry Co. | 2 
39 39 Bureau of Land Management 89 78  Stavola Construction Materials Co., Ле 
40 47 CalPortland Co. 90 87 Dyer Quarry, Inc. 

41 41 American Infrastructure 91 — Minerals Technologies Inc. 

42 57 Imerys 92 69 Great Lakes Aggregates, Inc. — 

43 48 Greer Industries, Inc. 93 71 Votorantim Cement North АЕА 
44 44 Anchor Stone Со. 94 "ара Gohmann Asphalt & Construction "7^ 
45 46 Schildberg Construction Co., Inc. 95 —  Coolspr iue Шш: 

46 50 The Kraemer Co. 6 — (= Л.Е. Allen Со. 

47 77 00.5. Forest Service 5 — Linwood Mining & Minerals СОР 
48 49 The Heritage Group 98 —  Rockydale чур Согр. 

49 38 3М Со. 99 = Vicat Group, [he 

50 42 McGeorge Contracting Co. 100 — НЕ 


af Not in the top 100 producers of crushed stone in the United States in 2010. 
In descending order of tonnage produced. 
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=- ore than that of 2010. World dimension stone production, 


1.71 million metric tons (Mt) valued at $323 million, which 
i as a slight increase in tonnage and an increase of $139,000 in 


: due compared with those of 2010 (table 1). Exports increased 


value by 21% to $66 million, and imports for consumption 
creased in value by 6% to $1.59 billion. The value of apparent 
xnsumption was estimated to be $1.84 billion in 2011, 4% 


icluding the United States, was estimated to be approximately 
15 Mt in 2010, the last year for which data were available. 


5 


г тае data in this report are from the U.S. Census Bureau. All 


ercentages in the report were computed using unrounded data. 
In recent years, most dimension stone has been used in 
onstruction applications, with the largest portions being 


_ old or used as ashlars and partially squared pieces, curbing, 


lagstone, and rough block for building and construction. The 
najor nonconstruction application is monumental stone, which 


includes memorials of various kinds. 
Dimension stone is a natural rock material quarried for the 


` purpose of obtaining blocks or slabs that meet specifications as 


to size (width, length, and thickness) and shape. Color, grain 
texture and pattern, and surface finish of the stone also are 
normal requirements by both customers and the stone industry. 
Durability (a time measure of the ability of dimension stone to 
endure and maintain its essential and distinctive characteristics), 
strength, and the ability of the stone to take a polish are other 
important selection criteria. 

Although various igneous, metamorphic, and sedimentary 
rocks are used as dimension stone, the principal rock types are 
granite, limestone, marble, sandstone, and slate. Other varieties 


_ of dimension stone that are normally considered to be special 


minor types include alabaster (massive gypsum) and soapstone 
(massive talc). A more detailed discussion describing specific 
types of dimension stone can be found in the 2007 dimension 


stone Minerals Yearbook chapter. 


Production 


Dimension stone production data for the United States are 
derived by the U.S. Geological Survey (U SGS) froma = 
voluntary canvass of U.S. quarry producers of rough and 
dressed dimension stone. Of the 219 dimension stone-producing 
operations included in the survey for 2011, 119 (54%) 
responded, which represented 51% of the tonnage; the | 
remaining tonnage was estimated based on prior years’ reporting 
and (or) on employment data provided by the Mine Safety and 
Health Administration (MSHA). | 

Data in this report cover rough crude quarried stone, 
irregular-shaped and rectangular blocks, and more highly 
one. A number of other terms also are used to 
h as “worked,” “dressed,” 

These and other terms used 


processed st 
describe further processing, suc 
“finished,” and “manufactured.” 
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STONE, DIMENSION 
. By Thomas P. Dolley 


Domestic survey data and tables were prepared by Samir Hakim and Glenn W. Walker, statistical assistants. 


by the dimension stone industry describe such features as the 
mineral composition of the rock, the shape of the product, the 
method of finishing a stone, and the type of finish applied. No 
adjustments are made in the data to account for the sometimes 
substantial losses in processing rough stone into dressed stone. 
Sold or used data are considered to be equivalent to production 
because changes in stocks are not surveyed. 

In 2011, granite accounted for 653,000 metric tons (t) (38%) 
of the total domestic dimension stone production of 1.71 Mt, 
followed by limestone (27%), miscellaneous stone (16%), 
sandstone (15%), marble (2%), and slate (2%). Granite 
accounted for about $108 million (3496) of the $323 million 
total domestic production value, followed by limestone (29%), 
miscellaneous (1696), sandstone (1196), marble (596), and slate 
(5%) (table 2). 

Production of dimension stone was reported in 36 States. 
Leading producer States were, in descending order by tonnage, 
South Dakota, Texas, Wisconsin, Indiana, and Georgia. These 
States accounted for about 53% of domestic production. 
Leading producer States were, in descending order by value, 
Texas, Wisconsin, Indiana, Minnesota, and Vermont. These 
States contributed about 5196 of the value of domestic 
production (table 4). 

The top five producing companies were Buechel Stone Corp. 
in Wisconsin, Champlain Stone, Ltd. in New York, Cold Spring 
Granite Co. in Minnesota, Mezger Enterprises Inc. in Texas, and 
Victor Oolitic Stone Co. in Indiana. These companies produced 
about 35% of domestic production in tonnage and about 28% of 
production value. The leading 14 companies accounted for 59% 
of total domestically produced tonnage and 52% of the value. 

Rough stone blocks split or cut from a quarry face are 
transported to processing plants that typically are located at the 
quarry site, at least for preliminary sizing. Further dressing, 
which includes final sizing and finishing operations, such as 
decorating, edging, and polishing, also may be done at the 
quarry site. 

Granite.—Dimension granite was produced by 39 companies 
operating 57 quarries in 15 States. Production was 653,000 t 
valued at $108 million. Granite production tonnage decreased 
by 796 and the value decreased by 8% compared with those of 
2010. The top five producing States were, in descending order 
by tonnage, South Dakota, Georgia, Massachusetts, North 
Carolina, and Maine. Georgia, Massachusetts, North Carolina, 
and Maine, accounted for 38% of the tonnage and 36% of the 
value of U.S. granite production (table 5). Champlain Stone, 
Cold Spring Granite, North Carolina Granite Corp., Swenson 
Granite Co. LLC, and Williams Stone Co. Inc., which were the 
leading producers, accounted for 77% of U.S. granite production 
by tonnage and 73% of U.S. granite production by value. 

Limestone.—Dimension limestone was produced by 35 
companies from 42 quarries in 12 States. Production increased 
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slightly in 2011 to 458,000 t from 454,000 t in 2010. The value 
decreased by 11% to $92.5 million in 2011 from $104 million 
in 2010. The top four producing States were, in descending 
order by tonnage, Texas, Indiana, Kansas, and Minnesota, 
which combined produced 92% of the U.S. tonnage and value 
(table 6), Arnold Stone Inc., Buechel Stone, Eden Stone Co. 
Inc., Mezger Enterprises, and Victor Oolitic Stone, which were 
the leading producers, accounted for about 78% of all U.S. 
limestone tonnage and about 68% of the value. 

Sandstone.—Dimension sandstone was produced by 49 
companies that operated 56 quarries in 17 States. Production 
increased by 14% to 253,000 t in 2011 from 222,000 t in 2010. 
The value increased by 1396 to $36.6 million in 2011 from 
$32.4 million in 2010. The top five producing States were, 
in descending order by tonnage, Arizona, Oklahoma, Ohio, 
Pennsylvania, and Arkansas (table 7). Cornerstone Materials 
LLC, Drake Stone Products Inc., Harley Gray Stone Co., 
Rodman LLC, and Napoleon Stone LLC, which were the 
leading producers, accounted for about 5296 of the tonnage and 
43% of the value of domestic production. 

Marble.—Marble was mined by three companies that 
operated five quarries in three States. Production tonnage 
increased by 33% in 2011 to 41,500 t valued at $16.7 million 
from 31,100 t valued at $12.1 million in 2010 (table 11). 
Georgia was the leading producing State, followed by Vermont, 
and Tennessee. The leading producers were Georgia Marble Co. 
(a subsidiary of Polycor Inc.) and Vermont Quarries Corp. 

Slate.—Slate was produced by 15 companies that operated 18 
quarries in 6 States. Production increased by 37% to 31,400 t 
in 2011 from 22,900 t in 2010. The value increased 6% to $15.1 
million in 2011 from $14.2 million in 2010 (table 13). The 
top producing States were Idaho, Vermont, and Virginia. The 
leading producers were Newmont Slate Co., Inc., Scrivanich 
Natural Stone Co., and Western Slate Inc. 


Consumption 


For the purposes of this report, apparent consumption is 
calculated to be production plus imports for consumption 
minus exports. Value data are used in the apparent consumption 
calculation because tonnage data are not available for imports 
and exports. Overall, the value of apparent consumption of 
dimension stone in the United States was estimated to be $1.84 
billion in 2011; 4% more than that of 2010. 

Rough stone represented about 56% of the tonnage and 43% 
of the value of all dimension stone sold or used by domestic 
producers, which included exports. The leading uses of rough 
stone, by tonnage, were in building and construction (56%), and 
in irregular-shaped stone (24%). Dressed stone represented 44% 
by tonnage and 57% by value of the total stone sold or used. The 
leading uses within dressed stone, by tonnage, were in ashlars 
and partially squared pieces (31%); curbing (22%); and flagging 
(20%) (table 8). 

Uses for the different varieties of dimension stone varied 
considerably. The major uses of granite sold or used in 2011, 
by tonnage, were in rough blocks for building and construction 
(43%), curbing (24%), monumental rough stone (14% 
other rough stone (6%) (tabl ал | | d 
EN “ e 9). Primary uses of limestone, 

, gh blocks for building and construction 
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(32%), and in dressed stone for ashlars and partially squei l 
pieces (29%) (table 10). The primary use of marble, by tug 5 
was in rough stone, other uses (including slabs and block, | 


flagging, monumental, panels and veneer, ashlars and partly 
squared pieces, tile, and unlisted uses) (73%) (table 11), Pus] 
uses of sandstone, by tonnage, were in dressed stone for fgg 
(44%), and in rough blocks for building and construction (ДА 
(table 12). Dimension slate sold or used by producers inthe 
United States in 2011, by tonnage, was principally for roing 
(63%), flagging (31%), and structural and sanitary purpose, 
unspecified uses, and unlisted uses (6%) (table 13). 


Prices 


The average 2011 value for dimension stone was $189 per 
metric ton, a slight decrease from that of 2010 based on the 
USGS canvass data. The average unit values for different 
of dimension stone were granite, $165 per ton, limestone, 00 | 
per ton; marble, $402 per ton; sandstone, $145 per ton; ad 
slate, $481 per ton. Available price data show considerable | 
variation. Prices are substantially different not only for the kind 
of stone, but also for the appearance of the зате kind of sto, 
Color, grain structure, and finish contribute significantly to po 
and marketability. 


Foreign Trade 


Exports.—In 2011, the value of total exports of шен 
stone increased by 21% in value to $66 million compared V 
that of 2010; granite accounted for 48% of the export y 
The largest share of granite was exported to China (table | ) 
Although unreported, a significant amount of U.S. e 
processed overseas was probably exported back to the v 
market. a 

Imports.—The value of imports for consumption | sli 
dimension stone types increased by 6% in 201! 6: ann 
(table 1). Brazil was the leading source of importe A 
2011, accounting for 44% by value. China, oat 
to be a major source of granite, accounted for 2 е а 
imports by value. Other important granite se anl | 
included India (15%) and Italy (12%) (table 1). 
continued to be a major source of rough an 
imports and accounted for 24% by tonnage an 


Additionally, Italy was а major source of rough a 


an 
marble imports and accounted for 17% ‚дее 
value (tables 16—17). Duties on importe 
listed in table 3. 


World Review "T 
A» ng the 
World dimension stone productio", rer vin 2010 
States, was estimated to be approximate У ~ p there WAS 
last year for which data were aval able. ойу 0 


probably some small-scale productio roduce 


world's nations, dimension stone ки 
reported in 30 countries. The top 


; плаве ? 
2010 меге, іп descending order by ton "counted for à 


e 
India, Iran, and Italy, and these [ow ње duction 0 
73% of the world’s production. ith that о 


stone increased by 7% in 2 


MINERALS ҮР" 
05. GEOLOGICAL SURVEY 


ить нед States ranked 12th in world production of dimension 
шапе in 2010 (Gussoni, 2012, р. 106). 

ES LN 

Vm ,Jtlook 


Да 


US. apparent consumption of dimension stone increased 
~~" 496 іп 2011. Production, exports, and imports of dimension 
tI ne all showed increases in 2011, but at different rates. Steady 
НУ from domestic stone installation businesses, indicate 
<3 "Sat residential and commercial improvement and refurbishment 
1 пат the primary end markets for dimension stone and 
= = 1 expected to continue in 2012. In 2012, increases in new 
ymmercial and residential construction would be necessary 
т domestic quarrying activity to return to pre-2008 recession 
aoe ,'Vels. Industry observers anticipate slow growth in the global 
, jmension stone industry in the near term (Gussoni, 2012, 


— 55-98). 


„< pussoni, Manuela, 2012, Stone sector 2011/2012 Annual report and prospects 
Yun for the international stone trade: Marina di Carrara, Italy, Internazionale 
Marmi e Macchine Carrara S.p.A., 107 p. 


d 
| 4 
~ 
Й 


a 
; GENERAL SOURCES OF INF ORMATION 


U.S. Geological Survey Publications 


“onstruction Stone. Ch. in United States Mineral Resources, 
.-g Professional Paper 820, 1973. 


Historical Statistics for Mineral and Material Commodities in 
the United States, Data Series 140. 

Stone (Dimension). Ch. in Mineral Commodity Summaries, 
annual. 


Other 


American Monument Association. 

Barre [VT] Granite Association. 

Building Stone Magazine. Building Stone Institute, quarterly. 

Dimensional Stone. Ashlee Publishing Co., Inc., monthly. 

Elberton Granite Association, Inc. 

Glossary of Stone Terms. In Stone World, Business News 
Publishing Co., December 2005. 

Indiana Limestone Institute of America, Inc. 

Industrial Minerals. Metal Bulletin plc, monthly (with particular 
references in July 1984, February 1991, November 1991, and 
February 1996). 

Marble Institute of America. 

Stone, Dimension. Ch. in Industrial Minerals and Rocks 
(7th ed.), Society for Mining, Metallurgy, and Exploration, 
Inc., 2006. 

Stone, Dimension. Ch. in Mineral Facts and Problems, 

U.S. Bureau of Mines Bulletin 675, 1985. 
Stone World. Business News Publishing Co., monthly. 


T2 

4 

yt 

E TABLE | 

? SALIENT U.S. DIMENSION STONE STATISTICS' 

2 (Thousand metric tons and thousand dollars) 

DE 

ae 

ut 2007 2008 2009 2010 2011 

a Sold or used by producers: 

a Quantity 1,920 1,800 1,620 1,670 1,710 

27 Value 346,000 326,000 328,000 323,000 323,000 

2d Exports, value 74,300 65,700 48,300 54,500 66,000 
1,350,000 1,500,000 1,590,000 


7 Imports for consumption, value 2,540,000 


2,150,000 


1,770,000 1,840,000 


Importsforconsumption value п 
„3 Apparent consumption, value 2,810,000 2,410,000 1,630,000 
» 


Праја are rounded to no more than three significant digits. 
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TABLE 2 
DIMENSION STONE SOLD OR USED BY PRODUCERS IN 
THE UNITED STATES, ВУ ТУРЕ"? 


DEEP Е 
2010 2011 
Quantity Value Quantity Value 
State (metric tons) (thousands) (metric tons) (thousands) 

Limestone? 454,000 $104,000 458,000 $92,500 
Marble 31,100 12,100 41,500 16,700 | 
Granite 699,000 118,000 653,000 108,000 | 
Sandstone* 222,000 32,400 253,000 36,600 
Slate 22,900 14,200 31,400 15,100 
Miscellaneous stone? 241,000 42,300 269,000 53,900 

Total 1,670,000 323,000 1,710,000 323,000 


Таја are rounded to no more than three significant digits; may not add to totals shown. 
2роез not include American Samoa, Guam, Puerto Rico, and the U.S. Virgin Islands. 
Includes limestone, dolomite, and other calcareous stone reported with no distinction between the 


kinds of stone. 
^Includes sandstone and quartzite reported with no distinction between the kinds of stone. 


‘Includes any other stone type used as building stone and commercial stone that does not fit the 


aforementioned categories. 
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TABLE 3 
U.S. IMPORT DUTIES ON DIMENSION STONE 


NTR,” Non-NTR,” 
Tariff item HTS! code January 1, 2011 January 1, 2011 
Slate, rough blocks or slabs 2514.00.0000 Еее 2596 ad valorem. 
Rough blocks or slabs of marble, travertine, other calcareous 
monumental or building stone: 2515.00.0000 
Marble and travertine: 
Crude or roughly trimmed 2515.11.0000 Free $22.95 per cubic meter. 
Marble, merely cut 2515.12.1000 do. 1396 ad valorem. 
2515.12.2000 3.0% ad valorem 50% ad valorem. 


Travertine, merely cut 


Other calcareous stone alabaster 2515.20.0000 do. Do. 
Rough blocks or slabs of granite, porphyry, basalt, sandstone, 
other monumental or building stone: 2516.00.0000 
Granite: 
Crude or roughly trimmed 2516.11.0000 Free $8.83 per cubic meter. 
Merely cut 2516.12.0000 2.8% ad valorem 60% ad valorem. 
Sandstone: 
Crude or roughly trimmed 2516.20.1000 Free $5.30 per cubic meter. 
Merely cut 2516.20.2000 3.0% ad valorem 50% ad valorem. 
Other monumental or building stone 2516.90.0000 do. Do. 
Setts, curbstones, flagstones 6801.00.0000 2.8% ad valorem 60% ad valorem. 
6802.00.0000 


Worked monumental or building stone: 


Worked monumental or ouliding stone, и 
Tiles and cubes under 7 centimeters square, granules 6802.10.0000 4.8% ad valorem 40% ad valorem. 


Other stone and articles with a flat or even surface: 
Marble, travertine, and alabaster: 6802.21.0000 
6802.21.1000 4.2% ad valorem 50% ad valorem. 


Travertine 
Other 6802.21.5000 1.9% ad valorem 13% ad valorem. 
Granite 6802.23.0000 3.7% ad valorem 60% ad valorem. 
Other calcareous stone 6802.29.1000 4.9% ad valorem 50% ad valorem. 
Other stone 6802.29.9000 6.0% ad valorem 30% ad valorem. 
Other: 
Marble, travertine, and alabaster: 6802.91.0000 
Marble: 
Slabs | 6802.91.0500 2.5% ad valorem 15% ad valorem. 
Other 6802.91.1500 4.9% ad valorem 50% ad valorem. 
Travertine: 


Travertine articles of subheading 6802.21.1000 that have 
been dressed or polished, but not further worked 6802.91.2000 4.2% ad valorem 50% ad valorem. 
6802.91.2500 3.7% ad valorem 40% ad valorem. 


Other 
6802.91.3000 4.7% ad valorem 50% ad valorem. 


Alabaster 
Other calcareous stone 6802.92.0000 4.9% ad valorem Do. 
Granite 6802.93.0000 3.7% ad valorem 60% ad valorem. 
Other stone 6802.99.0000 6.5% ad valorem 40% ad valorem. 
Worked slate and articles: 6803.00.0000 
Roofing slate 6803.00.1000 3.3% ad valorem 25% ad valorem. 
Other 6803.00.5000 Free Do. 
Do., do. Ditto. 
!'Harmonized Tariff Schedule of the United States. 
?Normal trade relations. 
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TABLE 4 
DIMENSION STONE SOLD OR USED BY PRODUCERS IN 
THE UNITED STATES, BY STATE! 
пи ea a E S ВЕРУ АДР EE ee 
2010 2011 
Quantity Value Quantity Value 
State (metric tons) (thousands) (metric tons) — (thousands) 

Alabama W W W W 
Arizona 81,400 $11,700 112,000 $13,300 
Arkansas 10,700 ' 1,580 ' 15,100 1,770 
California 26,100 6,940 24,600 9,590 
Colorado 9,560 ' 1,960 ' 4,920 994 
Georgia 269,000 ' 26,600 ' 141,000 20,300 
Idaho 25,100 3,520 27,500 4,200 
Indiana 173,000 31,400 164,000 29,200 
Kansas 46,600 4,720 51,600 4,640 
Maine 8,000 1,250 6,320 3,640 
Maryland 7,560 1,630 6,270 1,230 
Massachusetts 73,300 21,700 83,100 16,200 
Michigan W W W W 
Minnesota 34,700 15,400 46,300 28,500 
Montana 11,000 2,950 12,000 2,930 
New Hampshire W W W W 
New Mexico W W W W 
New York 94,000 ' 25,800 ' 99,000 17,800 
North Carolina 58,000 ' 20,700 ' 58,600 11,600 
Ohio 25,100 4,440 25,400 5,100 
Oklahoma 27,600 * 2,520 ' 35,100 6,310 
Pennsylvania 26,700 ' 6,070 ' 24,800 5,040 
South Dakota W W W W 
Tennessee W W W W 
Texas 195,000 57,000 202,000 47,100 
Utah 8,700 674 6,720 595 
Vermont 68,400 21,900 78,700 21,800 
Virginia 13,700 3,920 12,500 7,380 
Wisconsin 144,000 23,200 ' 170,000 38,600 
Other” 232,000 ' 25,500 ' 298,000 25,500 

Total 1,670,000 323,000 1,710,000 323,000 


‘Revised. W Withheld to avoid disclosing company proprietary data; included in “Other.” 
!Data are rounded to no more than three significant digits; may not add to totals shown. 
Includes Alabama, Connecticut, Illinois, Michigan, Missouri, Nevada, New Hampshire, 
New Mexico, South Carolina, South Dakota, Tennessee, 
Washington, West Virginia, and Wyoming. 
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TABLE 5 
DIMENSION GRANITE SOLD OR USED BY PRODUCERS IN 
THE UNITED STATES, BY STATE! 


2010 2011 
Quantity Value Quantity Value 

State (metric tons) (thousands) (metric tons) (thousands) 
California 14,700 $4,230 W 
Georgia 249,000 ' 18,000 * 112,000 $8,520 
Maine 8,000 1,250 6,320 3,640 
Massachusetts 69,600 20,600 78,800 15,400 
Minnesota W W W W 
New Hampshire W W W W 
New York 28,900 13,100 W W 
North Carolina 47,800 ' 19,700 " 53,600 11,100 
South Dakota W W W W 
Vermont 41,400 9,390 W W 
Other 239,000 31,500 402,000 69,800 
699,000 118,000 653,000 108,000 


Total 


"Revised. W Withheld to avoid disclosing company proprietary data; included in “Other.” 
Даа are rounded to no more than three significant digits; may not add to totals shown. 
?Includes California (2011), Minnesota, Missouri, New Hampshire, New York (201 1), 
South Carolina, South Dakota, Texas, Vermont (2011), Virginia, and Wisconsin. 


TABLE 6 
DIMENSION LIMESTONE SOLD OR USED BY PRODUCERS IN 
THE UNITED STATES, BY STATE! 


2010 2011 
Quantity Value Quantity Value 
State (metric tons) (thousands) (metric tons) (thousands) 

Alabama W W W 
Indiana 173,000 $31,400 164,000 $29,200 
Kansas 45,500 4,540 51,000 4,540 
Minnesota 9,740 7,340 10,700 6,980 
Ohio W W W W 
Texas 182,000 54,500 195,000 44,400 
Wisconsin W W W W 
Other? 44,000 6,600 36,600 7,360 

454,000 104,000 458,000 92,500 


Total 


W Withheld to avoid disclosing company proprietary data; included in "Other." 
Гата are rounded to no more than three significant digits; may not add to totals shown. 
?Includes Alabama, Arkansas, California, Illinois, Maryland, New York, Ohio, Virginia, 


and Wisconsin. 


TABLE 7 
DIMENSION SANDSTONE SOLD OR USED BY PRODUCERS IN 
THE UNITED STATES, BY STATE! 


2010 2011 
Quantity Value Quantity Value 

State (metric tons) (thousands) (metric tons) (thousands) 

Arizona 81,400 $11,700 112,000 $13,300 
Arkansas 9,830 ' 1,480 ' 14,400 1,690 
Colorado 9,560 € 1,960 ' 4,920 994 
New York 12,400 2,200 13,200 1,960 
Ohio 17,200 4,100 19,000 4,330 
Oklahoma 27,600 ' 2.520" 35,100 6,310 
Pennsylvania 18,100 3,770 18,500 3,350 
Other’ 45,500 ' 4,630 ' 35,800 4,690 
Тога! 222,000 ' 32,400 ' 253,000 36,600 


Е We — ~ НИНА. a MB МИРчВаЉИ Есе сс ыл =; 


"Revised. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 


“Includes California, Idaho, Kansas, Maryland, Michigan, Montana, Tennessee, Texas, 
Utah, West Virginia, and Wisconsin. 


TABLE 8 
| 
DIMENSION STONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, ВУ USE 


ЭСТЕ ЕРЕ 5 eee ee ee Ae ee ee у аш ыбын 


2010 2011 
Quantity Value Quantity de 
= (metric tons) (thousands) (metric tons) _ (thousan 5) 


Rough stone: 


530,000 $71,400 


Rough blocks for building and construction 378,000 $66,800 
Irregular-shaped stone 475,000 25,300 228,000 31,600 
Monumental 113,000 22,900 116,000 25,300 
Other? 41,400 ' 8,200 ' 79,600 12,200 
Dressed stone: 
Ashlars and partially squared pieces 144,000 30,500 235,000 62,000 
Slabs and blocks for building and construction — 58800 36700 4600 
Monumental 25,600 10,900 30,600 14,800 
X oc aaa 162,000 32,400 168,000 ка 
ү вуна нон 108,000 13,600 149,000 18,000 
Flagging (slate) 2,380 903 9,880 ae 
Panels and veneer 43,500 36,400 41,200 15,700 
Roofing slate 18.700 11,300 19,700 12,50" 
eae ee = 1,180 1,920 107 i 
—Tile, all dimensions —— — ^ 2.150 ' 2,000 ' 1,790 у 
Other’ 96,000 ј 23,400 ' 51,700 Дн 


E eee oe йды эы орды 
= 1,670,000 323,000 1,710,000 323, 


T- LJ 
Revised. 


| 
Da T. 

21 с ae ORS fbl three significant digits; may not add to totals shown. 
ane nape а exports, uses not specified, and uses not listed. 


3 
Includes panels and veneer, blackboards, exports, uses not specified, structural and sanitary, and uses по! listed. 
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ТАВГЕ 9 
DIMENSION GRANITE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, ВУ USE! 


NA 
2010 2011 
Quantity Value Quantity Value 
Use (metric tons) (thousands) (metric tons) (thousands) 
= Rough stone: 
mE Rough blocks for building and construction 103,000 $26,500 282,000 $27,900 
"E Irregular-shaped stone 261,000 756 11,700 1,530 
4 Monumental 93,700 15,800 90,600 18,000 
" Other” 38,000 7,440 37,600 6,310 
' Dressed stone: 
Ashlars and partially squared pieces 8,630 2,550 13,400 7,340 
Slabs and blocks for building and construction 1,200 883 445 496 
Monumental 25,500 10,900 30,500 14,800 
и Curbing 154,000 31,600 155,000 24,200 
Other’ 14,300 21,300 32,400 7,830 
Total 699,000 118,000 653,000 108,000 


! Data are rounded to no more than three significant digits; may not add to totals shown. 


?Includes exports and uses not listed. 
*Includes panels and veneer, tile, uses not specified, and uses not listed. 


TABLE 10 


DIMENSION LIMESTONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE! 


2010 2011 
Quantity Value Quantity Value 
Use (metric tons) (thousands) (metric tons) (thousands) 
Rough stone: 
Rough blocks for building and construction 170,000 $27,100 145,000 $23,400 
Irregular-shaped stone 101,000 8,810 117,000 11,700 
Р Other 10,400 4,930 8,170 574 
6 Dressed stone: 
Ashlars and partially squared pieces 107,000 19,800 131,000 36,800 
Slabs and blocks for building and construction 25,400 25,300 29,800 6,050 
Flagging 5,910 1,190 5,050 1,050 
| Panels and veneer 21,700 12,100 6,500 6,580 
; Other’ 12,100 5,200 15,100 6,390 
Total 454,000 104,000 458,000 92,500 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes exports, monumental, and uses not listed. 
Includes curbing limestone, tile, uses not specified, and uses not listed. 


TABLE 11 
DIMENSION MARBLE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE"? 
28 ЗЕ n L M — — M ——————Ó OG — 7 р ^==== 
2010 2011 
Quantity Value Quantity Value 
Use (metric tons) (thousands) (metric tons) (thousands) 
Rough stone: 
Rough blocks for building and construction W W W W 
Other? 25,300 $8,460 30,100 $10,600 
. Other =- == „ние па s 
БЕН СЕ m re NN NN UE Rn 
31,100 12,100 41,500 16,700 


Total 
W Withheld to avoid disclosing company proprietary data; included in *Other" or total. 


Граја are rounded to no more than three significant digits; may not add to totals shown. 


Includes monumental stone, uses not specified, and uses not listed. 
Includes slabs and blocks, flagging, monumental, panels and veneer, ashlars and partially squared pieces, tile, and 


uses not listed. 
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ТАВГЕ 12 
5, BY USE 
DIMENSION SANDSTONE SOLD OR USED BY PRODUCERS IN THE UNITED STATE 


2010 2011 
| “Quantity Value - 
Quantity Value Qua 
Use (metric tons) (thousands) (metric tons) (thousands) 
т. ~ 
Rough stone: 52,300 $8, 
Rough blocks for building and construction FEAN см: 13,700 1,520 
lar-shaped stone 25,100 2,9 0 3,970 
атараг ee 4,860 ' 1,0507 2650 
Other \ 
Dressed stone: : 80 ' 6,890 1,150 
Ashlars and partially squared pieces е 2d 0 111,000 12,500 
: з › 1,940 
пет уепеег 5,710 1,790 nee 715 
я 80 : 
Slabs and blocks for building and construction ete | eh 32.400 5,930 
ДУ чс Е ee Y I.e EDI : ; 
Other 
ЖЕ —————————— IN о бае А 


Total 
"Revised. 


2 


. . ео hown. 
‘Data are rounded to no more than three significant digits; may not add to totals s 


Includes flagging stone and uses not listed. 


“Includes tile, curbing, exports, uses not specified, and uses not listed. 


TABLE 13 | 
S, BY USE 
DIMENSION SLATE SOLD OR USED BY PRODUCERS IN THE UNITED STATE 


36,600 
22,000 * 32,400 ' 253,000 
DA NU UE E ECL m SNN SY OO ES Бива ај 


220 i = Value 

Quantity Value Quantity enm 

Use (metric tons) (thousands) (metric ore) S100 

Roofing 18,700 11,300 | oe av 

Flooring 1,010 1,470 Кы 461 

Other? 873 613 ае XT 
CC Е NM" n 22,900 14,200 31, 

QR 2 с. STA COO 19:08 


2 


TABLE 14 | 
U.S. EXPORTS OF DIMENSION STONE, ВУ TYPE 


(Thousand metric tons and thousand dollars) 


Major destination 
у р бива ^ 


Type Quantity 


Marble, travertine, alabaster worked? 


Marble, travertine, crude or roughly trimmed 
M 


arble, travertine, merely cut, by sawing or otherwise’ 
Granite, crude or roughly trimmed 
Granite, merely cut by sawing or otherwise’ 
Slate, worked and articles of slate 
Slate, whether or not roughly trimmed or merel cut? 
Other calcareous monumental or buildin stone; alabaster” 


: ici hown. 
Data are rounded to no more than three significant digits; may not add to ия 5 
Includes structural and Sanitary purposes, uses not specified, and uses not listed. 


= з lue in 2011” 
uantity alu "d 
Lr E 65 7,860 Canada, 46% m 
É p 3 2.360 Saudi Arabia, 
9 1 
! 1 BE 4 3,360 Italy, e i 
^ 
| 25,200 60 25,000 China, рт 
У 5,420 20 6,410 Сапада, E 
А МА 5,470 Сапада, s 
Hie oe NA 336  Canada,! i 
d 7,600 5] 10,300 Canada, M 
» 3.040 19 4,840 Canada, 


Other monumental or building stone? — SS IRI UuAS o US ODE 
с. ee XX 54,500 XX _ 66,0 
NA Not available. ХХ Not applicable. 


‘Data are rounded to no more tha 
ЗВу value. 

*Further worked than sim 
*Blocks or slabs. 

*Crude, roughly trimmed, or merel 


*Crude, roughly trimmed, or merel 
dolomite, quartzite, and steatite. 


ply cut with a flat surface. 


Source: U.S. Census Bureau. 


n three significant digits; may not add to totals shown. 
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ine (includes alabaster). 
y cut into blocks or slabs. Other than marble and travertine ee јез MET 
у cut into blocks or slabs. Other than calcareous stone and alabaster, 


slate, 


YBARBOO 
MINERALS 


Source: U.S. Census Bureau. 


STONE, DIMENSION—2011 


— ___- 


TABLE 15 


кууз U.S. IMPORTS FOR CONSUMPTION OF DIMENSION GRANITE, ВУ COUNTRY! 
" NM (Thousand dollars) 
шта 
в зш Dressed 
Tm Worked granite 
су о Cut to size? 
ту: Monumental Building 
TE Rough Simply Notcut Maximum 1.5 1.5—7.5 minimum 7.5 minimum 7.5 Total Total 
Country granite” cut* to size centimeters centimeters centimeters centimeters Other worked dressed 
T 2010: 

a Argentina 43 ~ 239 -- 534 — -- 221 994 994 
ч , Brazil 133 2,070 87,900 3,050 268,000 -— 6,040 47,000 412,000 414,000 
» . Canada 3,060 940 816 1,590 4,960 7,790 4,070 3,770 23,000 23,900 

ы , China 1,890 11,200 12,500 9,080 107,000 14,700 11,300 49,600 204,000 215,000 

^— Finland 2 -- -- ~ 3 -- 4 20 27 27 

LAE. India 7,550 2,230 15,700 2,940 73,600 8,400 2,510 22,600 126,000 128,000 
Italy 390 2,560 16,500 1,830 77,900 48 2,440 19,600 118,000 121,000 
Japan -- 114 -- -- – — =- 12 12 126 
Mexico 14 158 -- - 225 -- 6 386 617 775 
Norway 336 13 -- -- 115 -- -- 23 138 151 
Portugal -- 33 =- 54 92 -- 2 111 258 291 
Saudi Arabia -- 14 1,820 -- 5,430 -- 30 343 7,620 7,630 
South Africa 756 85 84 =- 100 -- 4 149 337 422 
xi Spain 21 399 1,350 298 6,450 -— 239 738 9,070 9,470 
ne Sweden 13 - - = EN ET ш: E E: = 
— Zimbabwe 7 -- -- -- -- - - -- -- -- 

— United Kingdom 410 -- 261 -- -- = -- 62 323 323 
i Other 414 1,330 5,310 487 15,200 48 767 3,270 25,100 26,400 

ү Тога! 15,000 21,200 142,000 19,300 559,000 31,000 27,500 148,000 927,000 949,000 
= 201: 

- Argentina 86 -- 101 -- 662 -- - 85 848 848 
7 Brazil 200 7,040 95,400 1,650 291,000 121 5,130 54,300 447,000 454,000 

К. Сапада 3,450 1,340 476 1,160 4,020 7,410 6,300 3,900 23,300 24,600 

iH China 1,220 12,100 10,300 9,090 97,400 15,900 7,550 59,300 200,000 212,000 

Finland 3 -- -- = 14 - -- 20 34 34 
India 5,070 3,270 18,300 1,870 94,400 9,740 2,240 23,100 150,000 153,000 
Italy 378 1,730 15,500 1,430 78,800 45 2,540 20,000 118,000 120,000 
Japan -- 95 ~ = ès = 16 14 30 125 
Mexico us 273 4 -- 75 = 18 87 184 457 
Norway 223 -- = = 54 zi = 88 142 142 
Portugal -- 7 -- 77 144 -- -- 186 407 414 
Saudi Arabia -- 96 1,610 -- 5,830 -- 43 238 7,720 7,820 
South Africa 414 2 59 ae _ 664 22 -- 420 1,140 1,150 

—4 _ Spain 18 165 1,900 73 7,880 -- 224 1,210 11,300 11,500 
W. ^ Zimbabwe 103 = " _ 103 " B i 103 103 

ye United Kingdom 313 2 6 es 31 ad 5 9 46 46 

s Other 731 528 4,550 459 15,400 69 350 4,140 24,900 25,500 

= Тога! 12,200 26,700 148,000 15,800 596,000 33,300 24,400 167,000 985,000 1,010,000 

ss — Zero. 

^ 'Data are rounded to по more than three significant digits; may not add to totals shown. 

A ^One or more faces worked more than simply cut. , 

| *Normal quarry products. Includes crude or roughly trimmed and roughly cut by sawing or otherwise; Harmonized Tariff Schedule of the United States (HTS) 

i codes 2516.11.0000, 2516.12.0030, and 2516.12.0060. 

: "Simply cut with a flat even surface; HTS code 6802.23.0000. 

7 Е Only one face worked more than simply cut; HTS code 6802.93.0010. 
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TABLE 16 


U.S. IMPORTS FOR CONSUMPTION OF MAJOR CATEGORIES OF DIMENSION MARBLE AND OTHER CALCAREOUS 
STONE, BY COUNTRY! 


ee ME Fr E nos 


Turkey 


"Revised. -- Zero. 


18,900 


18,900 


64,300 


47,500 


1 MEC NE 
Data are rounded to no more than three significant digits; may not add to totals shown. 


2 5 
Worked more than simply cut with a flat surface; Harmonized Tariff Schedule of the United States (HTS) co 


У Merely cut by sawing or otherwise. 
"Worked more than simply cut with a flat surface, other than marble and travertine; HTS code 6802.92.0000. 
Simply cut by sawing or otherwise into rectangular blocks or slabs; HTS code 2515.12.1 000. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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4 
Other calcareous stone 


Value 


$865 
4,510 
10,700 
6,300 
504 
1,030 
4,790 
15,100 
2,210 
6,340 
9,840 
7,460 
89 
6,190 
12,500 ' 
88,400 ' 


Rou marble’ 


Quantity Value 
(metric tons) _ (thousands) 


1,800 


Dressed 
Marble, slabs” Marble, other? 
Quantity Value Quantity Value Quantity 
= County (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) rad 
Brazil 1,730 $1,770 104 $95 809 
Canada 191 652 439 1,270 3,820 
China 48,900 37,200 43,300 49,800 11,200 5810 
France 194 333 365 629 7,230 | у 
Greece 2,370 4,570 1,640 3,290 440 > г 
India 3,370 3,030 2,300 3,410 6,150 46 5 
Israel 1,830 2,030 2,210 2,470 5,260 l j 
Italy 43,600 75,700 21,100 35,600 11,000 174 A 
Lebanon 1 3 127 468 202,000 Ж A 
Mexico 345 272 1,900 2,750 5,800 35 á 
Portugal 906 1,320 753 1,210 9.960 5; Е 
Spain 21,200 18,900 15,700 14,600 17,600 307 P 
Taiwan 369 415 1,330 2,300 98 3 : 
Turkey 19,400 17,000 66,500 48,400 19,800 818 is 
Other 8,770 6,840 ' 13,700 12,800 ' 42,400 518 a 
сга 153,000 170,000 * 171,000 179,000* 343,000 3,710 m. 
1: 
Brazil 2,230 2,590 283 289 807 5 К 
Сапада 97 348 784 1,760 5,810 i 
China 46,600 36,200 39,500 50,500 17,000 5,010 de 
France 126 267 284 644 4,870 28 j 
Greece 3,240 5.910 1,730 3,140 155 25 
India 3,510 2,870 2,050 3,310 2,050 142 80 
israel 2,340 2,240 1,240 1,600 4,200 С 7 
Italy 52,400 94,500 17,000 37,100 7,070 274 “ 
Lebanon 16 11 » = 35 0 
Мехісо 250 271 1,980 3,180 38,300 ài A 
Portugal 1,130 1,440 668 1,240 9,900 ja 92 
Spain 23,500 21,600 15,700 14,900 7,550 ct A 
Taiwan 329 357 1,450 2,510 140 ‘i 10 


де 6802.91 .0500. 
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TABLE 17 
U.S. IMPORTS FOR CONSUMPTION OF DIMENSION STONE, BY TYPE! 


ee 
A 2010 2011 


aoe Value Value Major source 
v d" Type Quantity — (thousands) Quantity (thousands) for 20117 
ы Marble and alabaster metric tons 13,000 $16,400 15,700 $17,900 Italy, 28%. 
we £1Slate, roofing million square feet 6 6,360 7 7,430 Canada, 39%. 
Slate, roughly trimmed or simply cut* do. 6,400 2,090 4,890 1,710 China, 65%. 
$  'Slate, worked and articles of slate, and other? do. NA 54,700 NA 54,000 China, 42%. 
V. — "Travertine, monumental or building stone and articles thereof? do. 20,300 13,900 16,500 13,600 Mexico, 44%. 


~) Travertine, worked monumental or building stone’ do. 28,700 18,300 39,200 17,800 China, 38%. 
4 do. Ditto. NA Not available. 

* 'Data are rounded to no more than three significant digits. Table does not include totals shown on tables 14 and 15. 

2Ву value. 

| Simply cut with a flat surface. 

eot *Rectangular blocks or slabs. 

. ' SOther than roofing, including agglomerated slate. 

: *Simply cut with a flat surface, other than tiles and granules. 

| — ' "Dressed or polished but not further worked. 
і 


Source: U.S. Census Bureau. 
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STRONTIUM 


By Joyce A. Ober 


omestic survey data and tables were prepared by Maria Arguelles, statistical assistant, and the world production table was 


Jared by Lisa D. Miller, international data coordinator. 


omestic apparent strontium consumption increased in 2011 
ле result of increased imports of celestite and strontium 
pounds. Although a 58% increase compared with that of 

0, the 17,300 metric tons (t) of strontium content consumed 
‚011 was substantially less than the nearly 38,000 t consumed 
[5 peak in 1997. Strontium minerals were not mined in the 
ited States in 2011, although deposits have been identified 

| were mined in the past. World production of celestite 
sreased to 375,000 t in 2011 from 404,000 t in 2010, mainly 
sause of a decline in production in China. 

strontium composes about 0.04% of the Earth's crust, ranking 
ћ among elements in abundance (MacMillan and others, 

05). Owing to its high reactivity to air and water, strontium 
tal is not found in nature in metallic form. The two 
ontium-bearing minerals, celestite (strontium sulfate) and 
ontianite (strontium carbonate), contain strontium in 

fficient quantities to make recovery practical. Of the two, 
lestite occurs much more frequently in sedimentary deposits 
sufficient size to make development of mining facilities 


tractive. 


roduction 


Although strontium carbonate was not produced in the 

nited States in 2011, it was the principal strontium compound 
roduced globally, and most other strontium compounds were 
erived from strontium carbonate. Domestic production of 
rontium carbonate ceased in 2006 with the closure of the 
hemical Products Corp.'s strontium carbonate and strontium 
itrate operations in Cartersville, GA. A few companies 
roduced small quantities of downstream strontium chemicals 
Isewhere in the United States. 


-onsumption 


Strontium compounds were mostly consumed by the ceramic, 
7lass, and pyrotechnics industries, with smaller amounts 
:onsumed by a multitude of other industries. Strontium 
:arbonate is used directly in some applications and is also 
:onverted into appropriate downstream chemicals such as 
strontium chloride, strontium hydroxide, or strontium nitrate. 
Celestite is typically used as the raw material in strontium 
carbonate production and is consumed directly in small 
quantities as an alternative to barium sulfate as white filler in 
industrial products. 

Permanent ceramic ferrite magnets are used extensively 
in small direct current motors for automobile windshield 
wipers, loudspeakers, magnetically attached decorative 
items, toys, and other electronic equipment. Strontium ferrite 
magnets possess the chemical and physical properties ideal 
for use in these applications, such as resistance to corrosion 
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and demagnetization, low densities, and effectiveness at 

high temperatures (Haberberger, 1971). Strontium oxide and 
strontium carbonate are used as frits in ceramic glazes as a 
nontoxic alternative to barium and lead (Yunpeng, 2009). 
Strontium oxide is used as a glass modifier to increase hardness 
and strength, enhance optical glass properties, and increase light 
refraction. Strontium glass is colorless and absorbs ultraviolet 
and x-ray radiation, an ideal glass for cathode-ray tube (CRT) 
faceplates. The fiberglass, lab glass, and pharmaceutical glass 
industries consume strontium in smaller amounts. 

Strontium nitrate is used most often as a coloring agent in 
pyrotechnic applications, but strontium carbonate, strontium 
chloride, strontium oxalate, and strontium sulfate can also be 
used. Strontium pyrotechnic applications include civilian and 
military flares, fireworks, and tracer ammunition 
(Conkling, 1981). 

Strontium is used in a few metallurgical applications. 
Strontium metal is added to aluminum alloys to improve 
castings used in aerospace and automotive applications 
(Metallurg Aluminum, 2006). Strontium can be used to remove 
lead impurities during the electrolytic production of zinc. 

The addition of strontium carbonate dissolved in sulfuric acid 
reduces the lead content of the electrolyte and of the zinc 
deposited on the cathode. 

Strontium chromate was incorporated into paints as a 
corrosion inhibitor, effectively coating aluminum used in the 
construction of aircraft fuselages and ships (Roskill Information 
Services Ltd., 1992, p. 76). Strontium chromate, however, was 
classified as a carcinogen in humans because of its hexavalent 
chromium content, leading many in the paint industry to seek 

safer alternatives and the European Chemical Agency to propose 
strict regulations for its use. Although achieving comparable 
corrosion resistance proved difficult using more environmentally 
friendly materials, initial work resulted in the development of 
a calcium-strontium-phosphate complex on a silicate core that 
showed promise (Hodges and others, 2010; European Chemical 
Agency, 2012). Other strontium compounds were used as 
catalysts to accelerate the drying of oils, paints, and printing 

inks (Brezinski and others, 2011). 

The drug strontium ranelate, a strontium salt of ranelic 
acid, has been used to reduce the incidence of fractures in 
osteoporotic patients by promoting the uptake of calcium into 
bones (Nielsen, 2004). Medical trials demonstrated strontium 
ranelate drugs increased bone formation and decreased bone | 
resorption, reducing both vertebral апа nonvertebral fractures in 
patients with postmenopausal osteoporosis (Deeks and Dhillon, 

2010). The isotope strontium-89 has been used successfully in 

medical trials for the treatment of pain associated with advanced 

metastatic cancer (Porter, 1994). Strontium chloride is used in 
some toothpastes to treat tooth-sensitivity caused by temperature 


and pressure. 
73.1 


Strontium exhibits а high dielectric constant, making it an 
attractive material for use in wireless devices and memory chips. 
Strontium titanate is sometimes used as a substrate material 
for semiconductors and in some optical and piezoelectric 
applications. Research also was conducted into the use of 
strontium in superconductors and radiation detectors. As the 
technology improves and costs decrease, high-tech industries 
may consume more strontium (McCoy, 2009; McIntosh, 2009; 
Physorg, 2010; Walter, 2010; Singh and others, 2011). 

Strontium oxide aluminate is used as a phosphorescent 
(glow-in-the-dark) pigment in applications such as emergency 
exit signs that glow brighter and longer than those using more 
common photoluminescent pigments (Merit Lighting, LLC, 
2008). Strontium phosphate is used in the manufacture of 
fluorescent lights, and the entire range of strontium chemicals is 
used in analytical chemistry laboratories. 


Prices 


Based on data published by the U.S. Census Bureau, the 
average customs unit value for celestite imported from Mexico 
was $46.08 per metric ton, a slight increase compared with 
that of 2010. The average unit customs value of imported 
strontium carbonate was $1.01 per kilogram, a 42% increase 
from $0.71 per kilogram in 2010. In 2011, the unit value 
of imported strontium metal increased by 23% to $7.14 per 
kilogram from $5.80 per kilogram. In 2011, the corresponding 
value for strontium nitrate was $1.13 per kilogram, which was 
15% lower than that of 2010. Turkish f.o.b. prices for celestite 
(9696 strontium sulfate) ranged from $90 per ton to $100 per 
ton throughout 2011, averaging slightly less than those in 2010 
(Industrial Minerals, 2012). 


Foreign Trade 


With the changes in the domestic strontium market— 
strontium carbonate consumption for CRT production shifting 
to Asia and the continued consumption of strontium compounds 
for ceramics, glass, and pyrotechnics—strontium exports from 
and imports into the United States have become erratic from 
year to year. Adequate information to explain the variations 
is unavailable. Total strontium imports by gross weight were 
34,400 t in 2011, a 64% increase from those of 2010 and a 36% 
increase from those of 2009 (table 3). 

Total strontium exports by gross weight were 30 t in 2011— 
75% less than revised exports in 2010, and 8196 less than those 
in 2009. Exports to Canada and Germany accounted for 87% of 
total strontium exports by gross weight (table 2). 

Imports of celestite from Mexico were 16,700 t in 2011, more 
than three times the quantity imported in 2010 and 14% more 
than those of 2009 (table 3). Imports of strontium carbonate and 
strontium metal increased compared with those of 2010 by 2296 
and 48%, respectively, spurred by increases in imports from 
China, Mexico, and Spain. Strontium compounds imported from 
China, Germany, and Mexico represented nearly 99% of total 
strontium imports into the United States by gross weight, with 
Mexico representing 76%, Germany 13%, and China 9% of total 
imports. 


732 


World Review ме 
Large deposits of high-grade celestite have been фай 
throughout the world, but active mines were primarily и (ар Ж | 
Mexico, and Spain. These countries represented 36h ft | 
celestite produced in 2011. Turkey once wasa leading celt 
producer but experienced significant declines in producti М 
recent years, with по celestite production in 2009 and 10 
production resumed іп 2011. Smaller operations a кїй ii 
Argentina, Iran, Morocco, and Pakistan. Many шр depos 
are not economically feasible to mine owing to high eves Ph 
of barium and calcium, impurities requiring energy-e" 
and cost-prohibitive methods for separation. Most cm x 
producers require a minimum of 90% strontium sulfate co : 


to achieve profitability. Hand sorting and some айй 
that are necessary at many strontium mines; a few operatios 
use froth flotation, gravity separation, ог other methods to ‚ 
beneficiate ore. Production facilities for strontium ar 
and metal have operated in Canada, China, dia T 
Republic of Korea, Mexico, and the United States, | ES 
of some of these operations was unclear in 2011, and so 
thought to be idle. 


Outlook 


wide could spur 


ic conditions world 
ри e in more traditio 


increased demand for strontium carbonate 1I s 
applications. Use of strontium by the e p 
and pyrotechnic industries is expected to con е | 
solid demand for strontium used in ferrite mag | is 
improvements in advanced applications, consump 
strontium in new end uses may Increase. 
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а eni 
Eid: 
пыр 
gi 
^ = 
eO 
= = 
ee TABLE 1 
= С SALIENT STRONTIUM STATISTICS! 
2 
ase (Metric tons of contained strontium and dollars per metric ton unless otherwise noted) 
e шым = аш_= ыа ЕЕЕ ы = хэ 
P 2007 2008 2009 2010 2011 
> Ae 2905 2997 201) ШИ 
| United States: 
Production, strontium minerals - E ы e -- 
Imports for consumption: 
23? Strontium compounds 8,550 9,420 5,860 8,640 10,000 
P Strontium minerals 541 2.030 6,420 2.370 7,320 
x Exports, carbonate? 69 € 70 ' 94 ' 12 18 
$5 Shipments from Government stockpile excesses Е -- -- = = 
" Apparent consumption‘ 9,020 ' 11,400 ' 12,200 ' 10,900 ' 17,300 
2 3 Price, average value of mineral imports at port 
? of exportation 67 64 47 45 . 46 
P World, production of celestite, gross weight 518,000 655,000 ' 398,000 ' 404,000 ' 375,000 * 
и: “Estimated. ‘Revised. -- Zero. 
2 'Data are rounded to по more than three significant digits. 
T ?The strontium content of celestite is 43.88%, which was used to convert units of celestite. 
*Source: U.S. Census Bureau. 
7 *Production plus imports minus exports. 
J 
p 
J 
2 
f 
j 
/ 
" 
/ 
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ТАВГЕ 2 


U.S. EXPORTS OF STRONTIUM CARBONATE, BY COUNTRY! 
IX 
2011 


Country 

Argentina 
Austria 
Brazil 
Canada 
Germany 
Japan 
Mexico 
Saudi Arabia 
Spain 

Total 
-- Zero. 


2010 
Gross weight 


(kilograms) 


— 


2,690 


7,500 
30,000 
73,100 

7,530 

121,000 


Gross weight 


Value? (kilograms) Value? 
а 2,600 $3,450 


$2,550 -- = 
~ 600 5,030 
10,200 14,300 17,900 
-- 12,200 11,500 
39,400 -- = 
45,800 -- s 
= 650 3,360 

7,150 -- = 
105,000 30,300 41,300 


| ibs Ба 
Data аге rounded to no more than three significant digits; may not add to totals shown. 


?Free alongside ship value. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 


TABLE 3 


U.S. IMPORTS FOR CONSUMPTION OF STRONTIUM COMPOUNDS, BY COUNTRY’ 
а PES 
ae 2 


Compound and country (kilograms) _ Маше? (kilograms) Value — 
Celestite, Mexico 5,400,000 $245,000 16,700,000 $768,000 
Strontium carbonate: 
China 2,380,000 2,320,000 2,740,000 6,290,000 
Germany 4,290,000 2,880,000 4,480,000 3,360,000 
Italy 14,000 82,300 13,400 76,200 
Mexico 5,000,000 2,990,000 6,860,000 4,540,000 
Spain 26,000 29,200 157,000 132,000 
United Kingdom 10 4,430 M DET 
Total 11,700,000 8,310,000 14,200,000 14,400,000 
Strontium metal: 
Canada 25 "€ 552 33,400 
China 118,000 682,000 165,000 1,180,000 
Germany 21 3,500 -- ^ 
Mexico E de 9,260 38,500 
Total 118,000 686,000 175,000 1,250,000 
Strontium nitrate: 
China 231,000 273,000 321,000 452,000 
France 1,600 16,100 "E ч 
Israel 9,600 9,070 > -- 
Јарап 181,000 1,540,000 108,000 379000 
_ Mexico 3,160,000 2,920,000 2,740,000 2,750,000 
Spain ee See CU 
Total 3,380,000 460000 3250000 3,669009. 
Strontium oxide, hydroxide, peroxide: 
China à н 122,000 163,000 37,600 M 
Japan 7,000 22,700 + 6,500 
76,000 


2010 


Gross weight 


29,000 


Gross weight 


Russia NEN аи 
Total 1 185,000 37,600 


-- Zero. 


! Data rounded to no more than three significant digits; may not ad 


*Free alongside ship value. 


Source: U.S. Census Bureau. 


d to totals shown. 
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Mexico 
Могоссо“ 
Ракіѕќап“ 
Ѕраіп“ 
Turkey* 
Total 


“Estimated. "Revised. -- Zero. 


TABLE 4 
CELESTITE: WORLD PRODUCTION, BY COUNTRY"? 


(Metric tons) 
2007 2008 
4,904 14,910 
190,000 200,000 
2,000 2,000 
125,000 * 96,902 
2,700 2,700 
1,476 4 1,000 ' 
188,000 336,000 ^ 
4,200 1,600 
518,000 655,000 ' 


2009 
8,169 
210,000 
2,000 
37,601 
2,600 


138,000 * 


398,000 ' 


2010 
8,512 ' 
220,000 
2,000 
31,429 
2,500 


r 


140,000 


404,000 ' 


2011° 
8,000 
190,000 
2,000 
31,500 
2,500 
140,000 
1,100 
375,000 


'World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
"Table includes data available through May 25, 2012. 


З addition to the countries listed, Tajikistan was thought to produce celestite, but information was not available to make 


reliable estimates. 
‘Reported figure. 
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SULFUR 


By Lori E. Apodaca 


Domestic survey data and tables were prepared by Maria Arguelles, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2011, the global demand for sulfur was strong. Increased 
supply was surpassed by an increase in sulfur consumption, 
which kept global markets in short supply and relied on some 
sulfur withdrawal from stockpiles to meet the demand. Demand 
for sulfur was strong in the phosphate sector. Sulfur imports 
increased by about 10% compared with those in 2010 owing 
to the demand for sulfur in the production of fertilizers and 
industrial sectors. 

The United States was second in world sulfur production 
following China. Elemental sulfur and byproduct sulfuric 
acid produced as a result of efforts to meet environmental 
requirements that limit atmospheric emissions of sulfur dioxide 
were the dominant sources of sulfur around the world. 

Through its major derivative, sulfuric acid, sulfur ranks as 
one of the most important elements used as an industrial raw 
material and is of prime importance to every sector of the 
world’s fertilizer and manufacturing industries. Sulfuric acid 
production is the major end use for sulfur, and consumption of 
sulfuric acid has been regarded as one of the best indexes of a 
nation’s industrial development. More sulfuric acid is produced 
in the United States every year than any other inorganic 
chemical; an estimated 32.0 million metric tons (Mt), which is 
equivalent to about 10.4 Mt of elemental sulfur, was produced 
in 2011, about the same as that of 2010 (U.S. Census Bureau, 
2011a, b). 

In 2011, domestic production of sulfur in all forms was 
slightly lower than that of 2010; shipments of sulfur in all 
forms decreased by about 3%. Elemental sulfur recovered at 
petroleum refineries was slightly lower than it was in 2010, and 
sulfur recovered from natural gas operations decreased by 4%. 
Producers’ stocks increased by 5%, representing about 2% of 
shipments. Byproduct sulfuric acid production and shipments 
decreased by 9%. Apparent consumption of sulfur in all forms 
increased by 3%. Imports of elemental sulfur and sulfuric acid 
combined increased by 14% and exports decreased by 6%. The 
average unit value of recovered sulfur in 2011 was more than 
twice that of 2010, resulting in the value of total elemental 
sulfur shipments increasing by about a factor of 2 compared 
with the 2010 value of shipments. The total value of byproduct 
sulfuric acid shipments increased by about 22% (table 1). 

Worldwide, compliance with environmental regulations has 
contributed to increased sulfur recovery; for 2011, global sulfur 
production increased slightly. Recovered elemental sulfur is 
produced primarily during the processing of natural gas and 
crude petroleum. Estimated worldwide production of native 
(naturally occurring elemental) sulfur increased by 7%. In the 
few countries where pyrites remain an important raw material 


for sulfuric acid production, sulfur production from pyrites was 
about the same. 
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Since 2005, between 81% and 83% of the world’s sulfur 
production as elemental sulfur and byproduct sulfuric acid 
came from recovered sources. Some sources of sulfur were 
unspecified, which means that the material could have been, 
and likely was, elemental sulfur or byproduct sulfuric acid, 
raising the percentage of byproduct sulfur production to about 
90% annually. The quantity of sulfur produced from recovered 
sources was dependent on the world demand for fuels, 
nonferrous metals, and petroleum products rather than for sulfur. 

World sulfur consumption was estimated to have increased 
from that of 2010; typically, about 50% was used in fertilizer 
production, and the remainder, in myriad other industrial uses. 
World trade of elemental sulfur decreased about 2% from the 
levels reported in 2010. Worldwide inventories of elemental 
sulfur were tight owing to the increased demand for sulfur, 
although stocks at remote operations remained substantial 
(Prud'homme, 2012, р. 49-50). 


Legislation and Government Programs 


In November, the U.S. Department of State announced that 
it would delay the decision on the approval of the Keystone XI 
pipeline until late 2012 or 2013. The approval and completion of 
the pipeline would allow for increased quantities of bitumen (oil 
that is too thick to flow or be pumped without being diluted or 
heated) from the Canadian oil sands to be exported to the United 
States as far south as Texas for refining. This likely would have 
an impact on sulfur production in the United States because this 
material has a high sulfur content. Many U.S. refineries have 
invested capital to expand facilities to enable processing of the 
heavier crudes (North America Sulphur Review, 2011). 


Production 


Recovered Elemental Sulfur.—U.S. production statistics 
were collected on a monthly basis and published in the U.S. 
Geological Survey (USGS) monthly sulfur Mineral Industry 
Surveys. АП 102 operations to which survey requests were 
sent responded; this represented 99% of the total production 
listed in table 1. One operation was not included in the 2011 
survey; therefore, the production for this site was estimated. 

In 2011, production was slightly lower than that of 2010, and 
shipments were also 3% lower. Increased prices and demand 
for sulfur resulted in the value of recovered shipments being 
more than double that of 2010. Accidents, technical problems, 
maintenance, and weather issues at a few refineries limited the 
amount of sulfur that could be recovered. For 2011, on average, 
U.S. petroleum refineries operated at 86.3% of capacity, 

about the same as that of 2010 (U.S. Energy Information 
Administration, 2012b). 
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SULFUR 
By Lori E. Apodaca 


Domestic survey data and tables were prepared by Maria Arguelles, statistical assistant, and the world production table was 


prepared by Glenn J. Wallace, international data coordinator. 


In 2011, the global demand for sulfur was strong. Increased 
supply was surpassed by an increase in sulfur consumption, 
which kept global markets in short supply and relied on some 
sulfur withdrawal from stockpiles to meet the demand. Demand 
for sulfur was strong in the phosphate sector. Sulfur imports 
increased by about 10% compared with those in 2010 owing 
to the demand for sulfur in the production of fertilizers and 
industrial sectors. 

The United States was second in world sulfur production 
following China. Elemental sulfur and byproduct sulfuric 
acid produced as a result of efforts to meet environmental 
requirements that limit atmospheric emissions of sulfur dioxide 
were the dominant sources of sulfur around the world. 

Through its major derivative, sulfuric acid, sulfur ranks as 
one of the most important elements used as an industrial raw 
material and is of prime importance to every sector of the 
world’s fertilizer and manufacturing industries. Sulfuric acid 
production is the major end use for sulfur, and consumption of 
sulfuric acid has been regarded as one of the best indexes of a 
nation’s industrial development. More sulfuric acid is produced 
in the United States every year than any other inorganic 
chemical; an estimated 32.0 million metric tons (Mt), which is 
equivalent to about 10.4 Mt of elemental sulfur, was produced 
in 2011, about the same as that of 2010 (U.S. Census Bureau, 
201 1a, b). 

In 2011, domestic production of sulfur in all forms was 
slightly lower than that of 2010; shipments of sulfur in all 
forms decreased by about 3%. Elemental sulfur recovered at 
petroleum refineries was slightly lower than it was in 2010, and 
sulfur recovered from natural gas operations decreased by 4%. 
Producers’ stocks increased by 5%, representing about 2% of 
shipments. Byproduct sulfuric acid production and shipments 
decreased by 9%. Apparent consumption of sulfur in all forms 
increased by 3%. Imports of elemental sulfur and sulfuric acid 
combined increased by 14% and exports decreased by 6%. The 
average unit value of recovered sulfur in 2011 was more than 
twice that of 2010, resulting in the value of total elemental 
sulfur shipments increasing by about a factor of 2 compared 
with the 2010 value of shipments. The total value of byproduct 
sulfuric acid shipments increased by about 22% (table 1). 

Worldwide, compliance with environmental regulations has 
contributed to increased sulfur recovery; for 2011, global sulfur 
production increased slightly. Recovered elemental sulfur is 
produced primarily during the processing of natural gas and 
crude petroleum. Estimated worldwide production of native 
(naturally occurring elemental) sulfur increased by 7%. In the 
few countries where pyrites remain an important raw material 


for sulfuric acid production, sulfur production from pyrites was 
about the same. 
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Since 2005, between 81% and 83% of the world's sulfur 
production as elemental sulfur and byproduct sulfuric acid 
came from recovered sources. Some sources of sulfur were 
unspecified, which means that the material could have been, 
and likely was, elemental sulfur or byproduct sulfuric acid, 
raising the percentage of byproduct sulfur production to about 
90% annually. The quantity of sulfur produced from recovered 
sources was dependent on the world demand for fuels, 
nonferrous metals, and petroleum products rather than for sulfur. 

World sulfur consumption was estimated to have increased 
from that of 2010; typically, about 50% was used in fertilizer 
production, and the remainder, in myriad other industrial uses. 
World trade of elemental sulfur decreased about 2% from the 
levels reported in 2010. Worldwide inventories of elemental 
sulfur were tight owing to the increased demand for sulfur, 
although stocks at remote operations remained substantial 
(Prud’homme, 2012, p. 49-50). 


Legislation and Government Programs 


In November, the U.S. Department of State announced that 
it would delay the decision on the approval of the Keystone XI 
pipeline until late 2012 or 2013. The approval and completion of 
the pipeline would allow for increased quantities of bitumen (oil 
that is too thick to flow or be pumped without being diluted or 
heated) from the Canadian oil sands to be exported to the United 
States as far south as Texas for refining. This likely would have 
an impact on sulfur production in the United States because this 
material has a high sulfur content. Many U.S. refineries have 
invested capital to expand facilities to enable processing of the 
heavier crudes (North America Sulphur Review, 2011). 


Production 


Recovered Elemental Sulfur. —U.S. production statistics 
were collected on a monthly basis and published in the U.S. 
Geological Survey (USGS) monthly sulfur Mineral Industry 
Surveys. АП 102 operations to which survey requests were 
sent responded; this represented 99% of the total production 
listed in table 1. One operation was not included in the 2011 
survey; therefore, the production for this site was estimated. 

In 2011, production was slightly lower than that of 2010, and 
shipments were also 3% lower. Increased prices and demand 
for sulfur resulted in the value of recovered shipments being | 
more than double that of 2010. Accidents, technical problems, 
maintenance, and weather issues at a few refineries limited the 
amount of sulfur that could be recovered. For 2011, on average, 
U.S. petroleum refineries operated at 86.3% of capacity, 

about the same as that of 2010 (U.S. Energy Information 
Administration, 2012b). 
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Recovered elemental sulfur, which is a nondiscretionary 
byproduct from petroleum-refining, natural-gas-processing, 
and coking plants, was produced primarily to comply with 
environmental regulations that were applicable directly 
to emissions from the processing facility or indirectly by 
restricting the sulfur content of the fuels sold or used by the 
facility. Recovered sulfur was produced by 39 companies at 103 
plants in 25 States and 1 plant in the U.S. Virgin Islands. The 
size of the sulfur recovery operations varied greatly from plants 
producing more than 500,000 metric tons per year (t/yr) to 
others producing less than 500 t/yr. Of all the sulfur operations 
canvassed, 32 produced more than 100,000 metric tons (t) of 
elemental sulfur in 2011, 15 produced between 50,000 and 
100,000 t, 32 produced between 10,000 and 50,000 t, and 24 
plants produced less than 10,000 t. By source, 86% of recovered 
elemental sulfur production came from petroleum refineries or 
satellite plants that treated refinery gases and coking plants; the 
remainder was produced at natural-gas-treatment plants 
(table 3). 

The leading producers of recovered sulfur, all with more 
than 500,000 t of sulfur production, in descending order of 
production, were Exxon Mobil Corp., ConocoPhillips Co. 
(including its joint venture with Encana Corp.), Valero Energy 
Corp., Chevron Corp., Shell Oil Products US, BP p.l.c., and 
Marathon Petroleum Corp. The 53 plants owned by these 
companies accounted for 76% of recovered sulfur output during 
the year. Recovered sulfur production by State and district is 
listed in tables 2 and 3. 

In 2011, 6 of the 20 largest oil refineries in the world, in 
terms of crude processing capacity, were in the United States. 
In descending order of capacity, they were Exxon Mobil’s 
Baytown, TX, and Baton Rouge, LA, refineries; Hovensa 
L.L.C.’s [Hess Corp.’s joint venture with Petróleos de Venezuela 
S.A. (PdVSA)] St. Croix, U.S. Virgin Islands, refinery; BP's 
Texas City, TX, refinery; Citgo Petroleum Corp.'s Lake Charles, 
LA, refinery; and Marathon's Garyville, LA, refinery (Oil & 
Gas Journal, 2011b). The capacity to process large quantities 
of crude oil does not necessarily mean that refineries recover 
large quantities of sulfur, but all these refineries were major 
producers of recovered sulfur. Sulfur production depends on 
installed sulfur recovery capacity as well as the types of crude 
oil that were refined at the specific refineries. Major refineries 
that process low-sulfur crude oils may have relatively low sulfur 
production. According to Oil & Gas Journal (2011a), the United 
States operated 2096 of world refining capacity, but had almost 
39% of sulfur recovery capacity at refineries. 

According to data from the U.S. Energy Information 
Administration (2012b), U.S. refining capacity rose by about 
3% from 2008 through 2011, and capacity rose by about 7% 
from 2000 through 2010, without building any new refineries. 
In 2011, U.S. refinery capacity was 17 million barrels per 
day (bbl/d). Overall U.S. refinery capacity decreased by 
414,000 bbl/d in 2011 owing to the closure of two refineries in 
Pennsylvania (American Fuel & Petrochemical Manufacturers, 
2012, p. 3). Although this information did not specifically 
mention sulfur capacity expansion, any such expansions would 
likely include increased sulfur recovery facilities, probably 
proportionally higher than the increases in throughput capacity. 
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Potash Corp. of Saskatchewan planned to build a 
5.000-metric-ton-per-day (Иа) sulfur melting plant at is sit 
in Aurora, NC, after plans to build a facility at Morehead Qy | 
NC, were resisted by the local community. The sulfur plants | 
to supply the Aurora phosphate mine in Beaufort County vill 
its own source of molten sulfur in anticipation of a shortag 
of available molten sulfur. The plant was expected to take t 
months to build (Industrial Minerals, 2011). 

BP planned to sell its Texas City, TX, and the Carson, CA, 
refineries in order to reposition its refining and marketing 
business in the United States by yearend 2012. BP planned to 
focus on improving and upgrading its other U.S. refineries | 
Whiting, IN, Cherry Point, WA, and its 50% interest in Toledo, 
OH (BP p.l.c., 2011). 

During 2011, expansion and improvement projects were 
underway or in the planning stages at 12 refineries in the Unt 
States. In addition to increasing throughput capacity al the 
operations, upgrades were intended to increase the existing 
refineries’ capabilities to process low-quality, high-sulfur | 
crudes, such as those from Canadian oil sands, Saudi А, 
and Venezuela. Oil sands producers were partners In ps # 
the projects, as part of a strategy to ensure outlets for A 
sands production. Four sulfur recovery plants were eni 
in 2011, but most were expected to be completed betwee 


and 2015 (Sulphur, 2012a). 

Byproduct Sulfuric Acid.—Su 
copper, lead, molybdenum, and zinc T 
accounted for about 896 of total domes 
in all forms and totaled the equivalent о 
sulfur. Byproduct sulfuric acid production 
compared with that of 2010 (tables, 1, 4). мера 
operated in conjunction with copper T c eling 
byproduct operations of lead, molybdenum, 4 
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sulfuric acid output. The copper producers McMoRan CP к 
Kennecott Utah Copper Corp., and Freep г. lant at its prirmaty 
& Gold Inc.—each operated a sulfuric acid p 


copper smelter. 
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prior t 
sulfuric acid, repre 
an identified end use. Althou 


“i v*bonsumption in table 6, it is reasonable to assume that nearly all 

:: &3zghe sulfur consumption reportedly used in petroleum refining 

z wawas first converted to sulfuric acid, bringing sulfur used to 

ха тг produce sulfuric acid to 86% of the total sulfur consumption. 

uz 2: ome identified sulfur end uses were included in the 

rp Unidentified" category because these data were proprietary. А 

"ean assignificant portion of the sulfur in the “Unidentified” category 

Vn; may have been shipped to sulfuric acid producers or exported, 

к: although data to support such assumptions were not available. 

zs; Because of its desirable properties, sulfuric acid retained its 

s {Position as the most universally used mineral acid and the most 

52: Produced and consumed inorganic chemical, by volume. Data 

А based on USGS surveys of sulfur and sulfuric acid producers 
showed that reported U.S. consumption of sulfur in sulfuric 
acid (100% basis) increased by 10%, and total reported sulfur 

= 7 consumption increased by 13%. These reported increases in 

= ~ consumption can be attributed to the 12% increase in sulfur use 

257. in agricultural chemicals and fertilizers. Reported consumption 

=->" figures do not correlate with calculated apparent consumption 

me owing to reporting errors and possible double counting in some 

4:U data categories. These data are considered independently from 

ия apparent consumption as an indication of market shares rather 

[5:2 than actual consumption totals. 

727 Agriculture was the leading sulfur-consuming industry; 

X consumption in this end use increased by 12% to 7.51 Mt 
compared with 6.71 Mt in 2010 with an increase in nitrogeneous 

32? and phosphatic fertilizers and other agricultural chemicals. 

x Based on export data reported by the U.S. Census Bureau, the 

J estimated quantity of sulfur needed to manufacture exported 

ТИ. phosphatic fertilizers increased by about 12% to 4.7 Mt. More 

“2 than 50% of domestic fertilizer production typically is exported; 

2 in 2011 about 50% was exported. 

The second ranked end use for sulfur was in petroleum 

=й refining and other petroleum and coal products. Producers of 

$ sulfur and sulfuric acid reported that the consumption of sulfur 

и} Ш that end use increased by 4% from that of 2010. Demand for 

j sulfuric acid in copper ore leaching, which was the third ranked 

„# end use, increased by 3%. 

(e Production data for sulfuric acid produced as a result 

igi of recycling spent and contaminated acid from petroleum 

_ alkylation and other processes in 2011were no longer available 
from the U.S. Census Bureau. Two types of companies recycle 
this material—companies that produce acid for consumption in 

4 their own operations and also recycle their own spent acid and 

^ сотрапіеѕ that provide acid regeneration services to sulfuric 

7 acid users. The petroleum refining industry was thought to be 

^ фе leading source and consumer of recycled acid for use in its 

alkylation process. 
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9 Stocks 

3 

; ; | 

j Yearend inventories held by recovered elemental sulfur 


producers increased to 175,000 t, 5% more than those of 2010 
j (table 1). Based on apparent consumption of all forms of sulfur, 
j combined yearend stocks amounted to about a 5-day supply, 
4 which compares with a 5-day supply in 2010. Final stocks in 
у 2011 represented 3% of the quantity held in inventories at the 
| | end of 1976, when sulfur stocks peaked at 5.65 Mt, a 7.4-month 
| supply at that time (Shelton, 1980, p. 877). When the United 
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States mined large quantities of sulfur, as in 1976, mining 
companies had the capacity to store large quantities. When 
mining ceased in 2000, storage capacity declined significantly. 
Since that time, stocks have been relatively low because 


_ recovered sulfur producers have very little room for stocks. 


Prices 


Continuing increased demand for sulfur during 2011 resulted 
in higher prices than those of 2010. Based on total shipments 
and value reported to the USGS, the average value of shipments 
for all elemental sulfur was estimated to be $159.83 per metric 
ton, which was more than double that of 2010. The increased 
value reported by producers correlated with the trends in prices 
recorded in trade publications. 

The contract prices for elemental sulfur at terminals in Tampa, 
FL, which are reported weekly in Green Markets, began the year 
at $162 per ton. In February, prices increased to $187 per ton. In 
May, prices again increased to $223 per ton and remained at that 
level through yearend. 

Prices vary greatly on a regional basis. Tampa prices were 
usually the highest reported in the United States because of the 
large sulfur demand in the central Florida area. At yearend, U.S. 
West Coast prices ranged from $182 per ton to $203 per ton. 
Nearly all the sulfur produced in some regions, such as the West 
Coast, is processed at forming plants, incurring substantial costs 
to make solid sulfur in acceptable forms to be shipped overseas. 
The majority of West Coast sulfur was shipped overseas. World 
sulfur prices generally were higher than domestic prices in 2011. 

Even though prices vary by location, provider, and type, the 
Abu Dhabi National Oil Co.’s (ADNOC) price is recognized as 
an indicator of world sulfur price trends. In 2011, the ADNOC 
contract price averaged nearly $215 per ton, with the lowest 
price of $165 per ton in January and the highest price of $240 
per ton in May (Fertilizer Week, 2012). 


Foreign Trade 


Strong domestic demand during much of the year resulted 
in exports from the United States, including the US. Virgin 
Islands, decreasing by about 9% in quantity but increasing 
by 5596 in value compared with those of 2010. The average 
unit value of export material was $203 per ton, an increase of 
71% from $119 in 2010 (table 7). The leading destination for 
this material was Brazil, followed by, in descending quantity, 
Mexico, New Caledonia, Canada, and China. Export facilities 
on the Gulf Coast that began shipping in 2006 have become a 
significant source for exported sulfur. Exports from the West 
Coast were 740,000 t, or 56% of total U.S. exports. Exports 
from the Gulf Coast were 470,000 t, or 36% of the U.S. total. 

The United States continued to be a net importer of sulfur. 
Imports of elemental sulfur exceeded exports by about 2.0 
Mt. Recovered elemental sulfur from Canada, Mexico, and 
Venezuela delivered to U.S. terminals and consumers in the 
liquid phase furnished almost 95% of U.S. sulfur import 
requirements. Total elemental sulfur imports were 11% greater 
in quantity than those of 2010, and higher prices for imported 
material resulted in the value being about 40% more than that 
of 2010. Imports from Canada, mostly by rail, were estimated 
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to be 16% higher than those of 2010, waterborne shipments 
from Mexico were 20% lower, and waterborne imports from 
Venezuela were estimated to have increased by 141%. Canada 
was the source of an estimated 83% of elemental sulfur imports, 
and Mexico supplied 9% (table 9). 

In addition to elemental sulfur, the United States had 
significant trade in sulfuric acid. Sulfuric acid exports were 54% 
higher than those of 2010 (table 8). Acid imports were about 
8 times exports (tables 1, 10). Canada and Mexico were the 
sources of 85% of acid imported into the United States, most of 
which was probably byproduct acid from smelters. Shipments 
from Canada and some from Mexico came by rail, and the 
remainder of imports came primarily by ship from Asia and 
Europe. The tonnage of sulfuric acid imports was about 27% 
greater than that of 2010, and the value of imported sulfuric acid 
increased by about 69%. 


World Review 


The world sulfur industry remained divided into two 
sectors—discretionary and nondiscretionary. In the discretionary 
sector, the mining of sulfur or pyrites is the sole objective; this 
voluntary production of either sulfur or pyrites (mostly naturally 
occurring iron sulfide) is based on the orderly mining of discrete 
deposits, with the objective of obtaining as nearly a complete 
recovery of the resource as economic conditions permit. In the 
nondiscretionary sector, sulfur or sulfuric acid is recovered as 
an involuntary byproduct; the quantity of output is subject to 
demand for the primary product and environmental regulations 
that limit atmospheric emissions of sulfur compounds 
irrespective of sulfur demand. Discretionary sources, once the 
primary sources of sulfur in all forms, represented 10% of the 
sulfur produced in all forms worldwide in 2011 (table 11). 

Poland was the only country that produced more than 
500,000 t of native sulfur by using either the Frasch process or 
conventional mining methods (table 11). The Frasch process is 
the term for hot-water mining of native sulfur associated with 
the caprock of salt domes and in sedimentary deposits; in this 
mining method, the native sulfur is melted underground with 
superheated water and brought to the surface by compressed 
air. The United States, where the Frasch process was developed 
early in the 20th century, was the leading producer of Frasch 
sulfur until 2000. Small quantities of native sulfur were 
produced in Asia, Europe, and South America. The importance 
of pyrites to the world sulfur supply has significantly decreased; 
China was the only country of the top producers whose primary 
sulfur source was pyrites. China produced 89% of world pyrite 
production. 

Of the 17 countries listed in table 11 that produced more than 
1 Mt of sulfur, 16 obtained the majority of their production 
as recovered elemental sulfur. These 17 countries produced 
85% of the total sulfur produced worldwide. In 2011, about 
31 Mt of elemental sulfur was traded globally. The leading 
exporters were, in decreasing order of tonnage, Canada, Russia, 
Kazakhstan, Saudi Arabia, Qatar, Abu Dhabi, Iran, the United 
States, and Japan, all with more than 1 Mt of exports. The 
leading importer was China, by far, followed by, in decreasing 
order of tonnage, Morocco, the United States, Brazil, India, and 


74.4 


Tunisia. АП of the top importing countries had large йш 
fertilizer industries (Prud'homme, 2012, p. 49-60). | 
In 2011, an increase in sulfur consumption kept global 
markets in short supply, which resulted in the use of stocks’ 
meet global needs. Prices were lowest at the beginning of 20 
and increased toward the end of 2011. International prices и 
2011 averaged slightly higher than those in the United Sas 
Sulfur imports increased in most of the main sulfur consumi 

countries, except China. China’s imports in 2010 exceeded 
demand; therefore, China had stock carryovers into 2011. 
Native sulfur production, including production of Frasch 
sulfur at Poland’s last operating mine, was about 7% hight 
than that of 2010. Recovered elemental sulfur production and 
byproduct sulfuric acid production decreased slightly compari 
with those of 2010. Globally, production of sulfur from pyntes 
decreased slightly. Pyrites are a less attractive alternative 0 
elemental sulfur for sulfuric acid production. The и 
remediation costs of mining pyrites are onerous, and “и 
costs are incurred when using this less environmentally fret} 
terial to produce sulfuric acid. | 
Ее fourth in the world in sulfur oe 
Canada was the leading sulfur and sulfuric acid M b 
2011, sulfur production in Canada was 1076 lower! Е. 
in 2010. About two-thirds of Canadian sulfur is je d 
at natural gas and oil sands operations 10 Alberta, : неч 
recovered from natural gas in British Columbia i tha 
refineries in other parts of the country: au P from ol 
natural gas processing declined in 2011, an Am (Nori m 
sands was about 4% higher in 2011 than in ғ 
Sulphur Review, 2012). table 
Canada’s sulfur production was expected О Si tem 
over the medium term and may increase during the s ia 
as a result of expanded oil sands production. ни a se 
from natural gas was expected to de sands 
decrease. Significant increases in pro 
operations and minor increases at petr е 
expected. Canada was likely to гетат a е 
production. Byproduct acid production p » 
relatively stable (Prud'homme, NR fee onservation 
A report from Alberta’s Energy ий » 
Board (ERCB) showed that sulfur Ris by 62% from 
Alberta’s natural gas processing p | 0. Sulfur emissions 
levels in 2000 and 7% from those of ү eR " 
declined as the result of improved p 4 9011. 
several plants and closing of one p ~ as processil 
recovery increased as a percentage aon because of lo 
recovery declined during the ur d Conservation Board, 
processing volumes (Energy ** 
2012, p. 6). 
An estimated 300,0 ran 
iles in 2011; stocks Се re than 
ићи Sulphur Review, 2012). Mo da Ltd.'s Fort 
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r cary yout 45% of its sulfur in all forms coming from that source. 
> ух де country was the leading sulfur importer, with 9.3 Mt in 
стартер | (International Fertilizer Industry Association, 2012, р. 13). 
пау POTS represented about 70% of elemental sulfur consumption 
sister China, with the Middle East as the leading source of the 
үлп ром, followed by Morocco. Fertilizer production consumed 
КЕЕ out two-thirds of the sulfuric acid used in China. 
= 7T" In December 2010, the Chinese Government released its 2011 
ie НЕ rates for many phosphate fertilizers to discourage exports 
Cu "uring periods of high domestic demand. The surcharge for the 
L2 2074 поврћаје fertilizers would be 110% during January to May 
тал October to December, and 7% during June to September 
752 Fertilizer Week, 2010). 
2023 Mexico.—Petroleos Mexicanos (Pemex) planned to build 
Gt Several new oil refineries in an attempt to reduce the country's 
` ret! imports of gasoline. А 300,000-bbl/d refinery was planned 
215725 Tula in Hidalgo State. The refinery was expected to be 
. yi rzzicompleted in 2015 at a cost of $10 billion. In addition, a 
--.2:1100,000-bbl/d expansion at the Minatitlan refinery, originally 
5 <Splanned for 2008, was brought online in July. This expansion 
zu; added 200,000 t/yr to Mexico's sulfur production (Sulfur, 201 1a; 
‚23 Young, 2011). 
4 Morocco.—Office Chérifien des Phosphates (OCP) 
3 P + awarded Jacobs Engineering Group Inc. a contract to provide 
„сз engineering, procurement, and construction service for two 
т х additional diammonium phosphate/monoammonium phosphate 
^» y (DAP/MAP) plants to be built at Jorf Lasfar. Jacobs Engineering 
>. 4 had previously been awarded contracts for two other DAP/MAP 
= plants in December 2010 and March 2011. Each DAP/MAP 
: plant would have the same design with a capacity of nearly 1.0 


MEL 


^^" million metric tons per year (Mt/yr) and consume 500,000 “уг 
sulfur. OCP expects the plants to come online, during six-month 
intervals, beginning July 2013 through July 2015 

=“, (Sulfur, 20115). 

- з _ Saudi Arabia.—China’s National Development and 

4^. Reform Commission approved the funding for a 400,000 
bbi/d refinery joint venture at Yanbu in Saudi Arabia between 
^, China Petrochemical Corp. (Sinopec) and Saudi Arabian Oil 
i* Со. (Saudi Aramco). Sinopec held а 37.5% interest and the 

a? remaining 62.5% was held by Saudi Aramco. The refinery was 
y expected to begin operations in 2014 and produce 1,200 t/d of 
>, sulfur (Sulfur, 20114). 

r Saudi Aramco selected Axen IFP Group Technologies to 

zd design its Jazan refinery and terminal project. The refinery 

| would have a throughput capacity of 400,000 bbl/d and a 

i sulfur recovery of 1,260 t/d. The refinery was scheduled to be 
* X completed by December 2016 (Sulfur, 2011). 


gi Outlook 


Since 2000, recovered sulfur production in the United 
4 States has been relatively stable, averaging about 8.6 Mt/yr, 
Г but increases were expected in upcoming years as expansions 
/ upgrades, and new facilities at existing refineries were | 
ý | completed. The expansions will enable refiners to increase 
y throughput of crude oil and to process higher sulfur crude oils; 
j additional sulfur production will be a result of refinery upgrades 
| Proj ects that had been announced before or during 2011 had the | 
| potential to add sulfur recovery capacity of about 2 Mt/yr by 
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2015, if all were completed on proposed schedules (Sulphur, 
2012a). Production from natural gas operations is expected to 
increase from that of 2011 as more natural gas is recovered from 
shale formations, horizontal drilling, and hydraulic fracturing. 
More efficient, cost-effective drilling techniques, primarily in 
shale formations, will spur development in U.S. natural gas 
production (U.S. Energy Information Administration, 20122). 

Worldwide recovered sulfur output was also expected to 
increase. In 2010 and 2011, production of sulfur nearly satisfied 
demand, but was expected to be in deficit in 2012 and 2013. 
Sulfur surpluses were not expected until 2014, increasing 
thereafter as a result of increased production, especially from oil 
sands in Canada, natural gas in the Middle East, expanded oil 
and gas operations in Kazakhstan, and heavy-oil processors in 
Venezuela. 

Additional production increases were expected to come 
from increased sulfur recovery from natural gas in Russia and 
improved sulfur recovery at oil refineries and new development 
of sour gas deposits in Asia. Refineries in developing countries 
were expected to improve environmental protection measures 
and, in the future, eventually approach the environmental 
standards of plants in Japan, North America, and Western 
Europe. Higher sulfur recovery likely will result from a number 
of factors, including higher refining rates, higher sulfur content 
in crude oil, lower allowable sulfur content in finished fuels, and 
reduced sulfur emissions mandated by regulations. 

World consumption of natural gas was expected to maintain 
strong growth, and sulfur recovery from that sector likely will 
continue to increase. Natural gas continued to be the fuel of 
choice in many regions of the world in the electric power and 
industrial sectors, in part because of its lower carbon intensity 
compared with coal and oil, which makes it an attractive fuel 
source in countries where governments are implementing 
policies to reduce greenhouse gas emissions. Some future 
gas production is expected to come from unconventional 
natural gas resources such as tight gas, shale gas, and coal bed 
methane (U.S. Energy Administration, 20122, p. 43—44). Use of 
unconventional natural gas sources in some areas of the world 
may affect the sulfur supply outlook for the future because these 
sources have lower sulfur content. However, increased sulfur 
from sour gas processing in China, central Asia, and the Middle 
East is projected to more than compensate for the decrease in 
sulfur resulting from unconventional natural gas sources. 

Domestic byproduct sulfuric acid production may fluctuate 
somewhat as the copper industry reacts to market conditions 
and varying prices by adjusting output at operating smelters. 
Worldwide, the outlook for byproduct acid was more 
predictable. Because copper production costs in some countries 
are lower than in the United States, acid production from 
those countries has increased, and continued increases are 
likely. Many copper producers have installed more efficient 
sulfuric acid plants to limit sulfur dioxide emissions at new and 
existing smelters. Worldwide, sulfur emissions at nonferrous 
smelters declined as a result of improved sulfur recovery; 
increased byproduct acid production is likely to become more a 
function of metal demand than a function of improved recovery 
technology. Smelter acid production in the United States has 
decreased by 4096 since 2000; during the same period, Chinese 


smelter acid production has more than tripled. Additional 
smelter capacity was expected in Brazil, India, Russia, and 
Zambia. Increased byproduct sulfuric acid product was expected 
to add another 6 to 7 Mt/yr of sulfur during the next 5 years 
(Sulphur, 2012b). 

Frasch sulfur and pyrites production, however, has little 
chance of significant long-term increases. In 2011, Frasch 
sulfur production remained about the same as that of 2010. 
Because of the continued increases in elemental sulfur recovery 
and byproduct sulfuric acid production for environmental 
reasons rather than markets, discretionary sulfur has become 
increasingly less important as demonstrated by the decline of 
the Frasch sulfur industry. The Frasch process has become the 
high-cost process for sulfur production. Pyrites, with significant 
direct production costs, is an even higher cost raw material for 
sulfuric acid production when the environmental aspects are 
considered. Discretionary sulfur output is likely to continue a 
steady decline. The decreases likely will be pronounced when 
large operations are closed outright for economic reasons, as 
was the case in 2000 and 2001. 

For the long term, sulfur and sulfuric acid likely will continue 
to be important ш agricultural and industrial applications. 
Because sulfuric acid consumption for phosphate fertilizer 
production was expected to increase at a lower rate than 
for some other uses, phosphate fertilizer may become less 
dominant, but is expected to remain the leading end use. Ore 
leaching likely will be the largest area of sulfur consumption 
growth. Copper and nickel leaching are the major consumers of 
sulfuric acid, but uranium leaching is increasing as the demand 
increases for nuclear power (Sulfur, 2011e). 

From year to year, however, the use of sulfur directly or in 
compounds as fertilizer likely will continue to be dependent 
on agricultural economies and vary according to economic 
conditions. If widespread use of plant nutrient sulfur is 
adopted, then sulfur consumption in that application could 
increase significantly; thus far, however, growth has been 
slow. Expansions of phosphate fertilizer production were 
expected at facilities in Brazil, China, and Morocco (Heffer and 
Prud’homme, 2012). Overall, one-half of all sulfur consumption 
(in all forms) is used for phosphate fertilizer production. 

Industrial sulfur consumption has some prospects for growth. 
Solvent extraction-electrowinning copper projects that consume 
large quantities of sulfur are under development in Chile, China, 
India, Kazakhstan, and Peru and should be completed during 
the next few years. Smelter acid represents almost one-third of 
sulfuric acid production (Sulphur, 2010). 

Less traditional uses for elemental sulfur have not increased. 
In the 1970s and 1980s, research was conducted that showed 
the effectiveness of sulfur in several construction uses that 
held the promise of consuming huge quantities of sulfur 
in sulfur-extended asphalt and sulfur concretes. In many 
instances, these materials were found to be superior to the 
more conventional products, but their use so far has been very 
limited. Concrete made with sulfur is more resistant to acid and 
saltwater; the manufacturing process lowers CO, emissions and 
does not require water to manufacture. However, when sulfur 
prices are high, sulfur is less attractive for unconventional 
applications where low-cost raw materials are an important 


factor. 
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In the near term, potential deficits of elemental sulfurar E 
projected as a result of lower global production and a stron | 
demand. This is expected to be followed by near-balance | 

Us 


conditions and, in the long-term, marginal surplus world 
Sulfur trade is expected to show a strong increase, which woli | 
be driven by increased import demand in the fertilizer andor U. 


leaching sectors. 
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B. 
2228 
no TABLE | 
=? SALIENT SULFUR STATISTICS' 
: _ (Thousand metric tons of sulfur content and thousand dollars unless otherwise specified) 
ez 
s _______________________»7 20s 29 à 200 _ 2. 
|: United States: 
й „2 Quantity: 
ч Production: 
AC Recovered” 8,330 € 8,550 8,190 8,310 ' 8,230 
KL Other 817 753 749 791 20 
Total" 9,150 ' 9,300 8,940 9,100 ' 8,950 
Shipments: 
x Recovered’ 8,370" 8,530 8,110 8,370" 8,210 
2 Other 817 753 749 791 720 
Total 9,180 " 9,280 8,860 9,160 " 8,930 
И, — Expots: O O 
7 Elemental? 922 953 1,430 1,450 1,310 
a Sulfuric acid 110 86 83 71 109 
y Imports: 
9 Elemental? 2,930 3,000 1,700 2,950 3,270 
yl Sulfuric acid 857 1,690 413 690 871 
E Consumption, all forms“ 11,900 12,900 9,460 11,300 11,700 
Stocks, December 31, producer, recovered ____187 2087 ^  231' 1667 ^ 175 
Value: 
5. Shipments, free on board (f.0.b.) mine or plant: 
| ___Recovered®* С  275000' 2,250,000 14,000 587,000" 1,310,000 • 
d — Other 45,200 110,000 87,500 92,400 — 113,000 
/ Total 320,000" 2,360,000 101,000 679,000" 1,420,000 
| Exports, elemental” 84,800 272,000 82,200 171,000 266,000 
/ Imports, elemental 79,400 753,000 54,100 214,000 301,000 
| Price, elemental, f.o.b. mine or plant € dollars per metric ton 32.87" 264.04 1.73 70.16 159.83 
| World, production, all forms (including pyrites) 67,800 ' 68,300 ' 67,400 ' 69,400 ' 70,500 


| "Estimated. ‘Revised. 


DM Lc ar n e =... 


І 
Data are rounded to по more than three significant digits except prices; may not add to totals shown. 


“Includes U.S. Virgin Islands. 
irs exports from the U.S. Virgin Islands to foreign countries. 
MH a is ee as shipments minus exports plus imports. 
че ot exports from the U.S. Virgin Islands to foreign countries. 
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ТАВГЕ 2 
RECOVERED SULFUR PRODUCED AND SHIPPED IN THE UNITED STATES, ВУ STATE! 


(Thousand metric tons and thousand dollars) 


SS И a C _ _ _ 
Shipments — — Shipments 

м Production ^ Quantity ___ Valué Production Quantity Үй 
Alabama 259 258 25,100 297 298 55,400 
California 1,050 1,100 60,800 995 993 41000 
Illinois 458 457 28,500 495 495 81,100 
Louisiana 1,260 1,240 89,400 1,480 1,480 220000 
New Mexico 25 25 734 2] 21 3,880 
Ohio 126 125 13,000 136 137 27,000 
Texas 3,100 3,100 233,000 2,910 2,900 470000 
Washington i i itsts—‘—sSsSCS”S 139 138 5,890 127 127 1100 
Wyoming — 624 625 29.100 647 649 121000 
О ни о л 1,270 ' 1,310" 101,000" 1,140 1,130 — 178000 
“Estimated. ‘Revised. 

'Data are rounded to no more than three significant digits; may not add to totals shown. -— 


“Includes Arkansas, Colorado, Delaware, Florida, Indiana, Kansas, Kentucky, Michigan, Minnesota, Mississippi, Montana, 
North Dakota, Pennsylvania, Utah, Virginia, Wisconsin, and the U.S. Virgin Islands. 


TABLE 3 
RECOVERED SULFUR PRODUCED AND SHIPPED IN THE UNITED STATES, 
BY PETROLEUM ADMINISTRATION FOR DEFENSE (PAD) DISTRICT 


(Thousand metric tons) 


2010 Е 
PAD 1; 61 
Petroleum and coke 136 136 66 13 
Natural gas 13 13 = 74 
Тога] OS М а црн ЛЕЕ 
РАО 2: 
Petroleum and coke 1,030 " 1,030 * um k 
Natural gas 23 ENS „— a 
Total — "ipt. ogg? „о === 
PAD 327 
Petroleum and coke 4,680 4,660 ыо p^ 
Natural gas 486 509 a 5,190 
— Total Gm eh, SN es 
PAD 4 and 5: 
Petroleum and coke 1,290 1,350 jit К 
Natural gas 88, 68 Я 
Total — 01940 2,000_ 1—0 
Grand total 8,310 " 8,370 ' ~ i 
Of which: 7,080 
Petroleum and coke 7,140 ' 7,170 * ja 1,130 
Natural gas 4702. 21190 |, te 
‘Revised, 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
“Includes the U.S. Virgin Islands. 
201! 
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TABLE 4 
BYPRODUCT SULFURIC ACID PRODUCED IN THE UNITED STATES! 


(Thousand metric tons of sulfur content and thousand dollars) 


Type of plant 2010 

Copper? 704 

Zinc, lead, and molybdenum? 87 
Total: 

Quantity 791 

Value 92,400 


'May include acid produced from imported raw materials. Data are rounded to no more than 


three significant digits, may not add to totals shown. 
Excludes acid made from pyrites concentrates. 
?Excludes acid made from native sulfur. 


TABLE 5 
CONSUMPTION OF SULFUR IN THE UNITED STATES' 


(Thousand metric tons of sulfur content) 


= 2010 
Elemental sulfur: 

Shipments” 8,370 * 

Exports 1,450 
-Imports не e ee ee 2,950 

Total 9,870 r 
Byproduct sulfuric acid: 

Shipments 791 
ж. Exports” 71 
Se ee тој АЕО 

Тога] 1,410 

Grand total 11,300 


“Estimated. "Revised. 
1 
Crude sulfur or sulfur content. Data аге rounded to no more than three 


2011 
679 
4] 


720 
113,000 


2011 


8,210 
1,310 
3,270 
10,200 


720 
109 
871 
1,480 
11,700 


significant digits; may not add to totals shown. Consumption is calculated as 


shipments minus exports plus imports. 
‘Includes the U.S. Virgin Islands. 
May include sulfuric acid other than byproduct. 
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TABLE 6 
SULFUR AND SULFURIC ACID SOLD OR USED IN THE UNITED STATES, BY END USE! 


(Thousand metric tons of sulfur content) 


Sulfuric acid 
Elemental sulfur” (sulfur equivalent) — Tos __ 
SIC? End use 2010 2011 2010 2011 2010 2011 
102 Copper ores -- -- 400 410 400 410 
1094 Uranium and vanadium ores -- -- -- 3 = 
10 Other ores ® - 62 77 62 П 
26, 261 Pulp mills and paper products W W 79 168 79 In 
28, 285, Inorganic pigments, paints, and allied 
286, 2816 products; industrial organic chemicals; 
other chemical products" W W 31 118 j н 
281 Other inorganic chemicals W W 37 75 57 
282, 2822 Synthetic rubber and other plastic " 
materials and synthetics W W 6 70 6 5 
2823 Cellulosic fibers including rayon -- -- -— = fo ) 
284 Soaps and detergents = ee 2 2 2 ü 
286 Industrial organic chemicals == -- 9 43 9 16 
2873 Nitrogenous fertilizers = - 16 163 16 zie 
2874 Phosphatic fertilizers > = 5,700 STAU =: 
2879 Pesticides = ~ 12 5 E 
287 Other agricultural chemicals 952 1,560 30 38 ae "i 
2892 Explosives > = 1] 11 E: T 
2899 Water-treating compounds -- -- 26 38 > 14 
28 Other chemical products -- -- 21 74 
29, 291 Petroleum refining and other petroleum 2410 2,520 
and coal products 2,050 2,100 368 422 f ? T 
331 Steel pickling - -- 11 2 3 3 
33 Other primary metals -- — ~ = 30 21 
3691 Storage batteries (acid) -- -- 30 21 3 E 
Exported sulfuric acid MEME EE E и! „100 
Total identified 3,000 3,650 6,880 7,500 99° 431 
Unidentified 494 ! 282 96 149 10500 11,600 
Grand total 3,490 € 3,940 6,980 7,650 
‘Revised. W Withheld to avoid disclosing company proprietary data; included with “Unidentified.” -- Zero. 
"Data are rounded to no more than three significant digits; may not add to totals shown. 
"Does not include elemental sulfur used for production of sulfuric acid. 
"Standard industrial classification. 
“No elemental sulfur was used in inorganic pigments, paints, and allied products. 
TABLE 7 
U.S. EXPORTS OF ELEMENTAL SULFUR, BY COUNTRY 
(Thousand metric tons and thousand dollars) 
Se ee ЧЕНЕЛЕ БАШ 
Country Quantity Value _ oie т] 
Brazil 632 58,000 “ 16,100 
Сапада 58 8,620 4 7190 
Chile 47 5,950 LN 
А 62 26,500 
China 317 48,900 7 55,200 
Mexico 169 22,100 d з 16,300 
New Caledonia а к 178 40,100 
Other 222^ _ 25700 о 
Total | 1,450 171,000 ___ 1,310 _ > 
‘Revised, -- Zero. 
' Includes exports from the U.S. Virgin Islands. Data are rounded to no more than three 
significant digits; may not add to totals shown. 
Source: U.S. Census Bureau. " 
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TABLE 10 


U.S. IMPORTS OF SULFURIC ACID (100% H,SO,), BY COUNTRY! 


Other 44,200 ' 


2 


Source: U.S. Census Bureau. 


2010 2011 
Quantity Value”? Quantity Value? 

Country (metric tons) (thousands) (metric tons) (thousands) 
Australia 19,400 $2,100 17,800 $2,480 
Bulgaria ie T 18,900 1,950 
Canada 1,150,000 84,100 1,820,000 167,000 
China 91,000 9,430 15,600 976 
Egypt 11,500 1,700 zs 7 
Germany 133,000 6,050 93,500 10,700 
Japan 60,900 5,190 94 81 
Korea, Republic of 17,000 2,240 56,000 7,800 
Mexico 199,000 11,800 434,000 30,400 
Poland 79,300 5,840 77,700 10,600 
Saudi Arabia 6,150 3,390 4,590 3,300 
Spain 258,000 14,100 72,100 8,560 
Sweden 27,600 1,170 18,100 1,940 
Switzerland 1,260 237 15,100 2,250 
Taiwan 191 220 2,980 1,380 
Venezuela 7,520 3,610 13,400 9,330 


3,550 2,690 1,770 


TL ....44200' 3,550 2,690 1770 
Total 2,110,000 155,000 2,670,000 261,000 
"Revised. Јао — cQ: 


Гаја are rounded to no more than three significant digits; may not add to totals shown. 
Declared cost, insurance, and freight paid by shipper valuation. 
May include revisions to previously published data. 


RAL 
0$. GEOLOGICAL SURVEY MINE 


kl | 


TABLE 11 


E SULFUR: WORLD PRODUCTION IN ALL FORMS, BY COUNTRY AND SOURCE"? 
E Е: (Thousand metric tons) 
N- da 
ты Country and source? 2007 2008 2009 2010 2011 
ho fa Australia, byproduct:* 
я Metallurgy 890 880 870 880 880 
Ü và Petroleum 60 58 60 60 60 
ҺИ: Total 950 938 930 940 940 
Brazil: 
7 Frasch* 22 4 22 22 22 22 
j Byproduct: 
‘a Metallurgy 322 322 322 322 * 322 * 
и Petroleum 136 136 136 136 136° 
E Total 480 480 480 480 480 * 
is Canada, byproduct: 
H Metallurgy’ 1,167 * 1,148 4 890 900 609 P 
< Natural gas, petroleum, oil sands 7,622 7,008 6,577 6,355 5,914 P 

" Total 8,789 8,156 7,467 7,255 6,523 Р 

e" Chile, byproduct, metallurgy 1,559 ' 1,586 ' 1,658 ' 1,686 ' 1,723 

M China: 

а Elemental 960 960 1,000 1,100 1,100 
= Pyrites 4,200 4,300 4,370 4,400 4,400 
ee Byproduct, metallurgy 3,300 3,350 4,000 4,100 4,200 

Total 8,460 8,610 9,370 9,600 9,700 
" Finland: 
Pyrites 250 250 250 225 225 
Byproduct: 
Metallurgy 300 300 300 300 300 
Petroleum 65 65 65 65 65 
Total 615 615 615 590 590 
France, byproduct:* 
Natural gas and petroleum 606 * 605 605 605 605 
Unspecified 700 700 700 700 700 
Total 1,306 4 1,310 1,310 1,310 1,310 
Germany, byproduct: 
Metallurgy 2,454 2,458 2,137 2,266 € 2,394 
Natural gas and petroleum 1,637 1,709 1,623 1,447 1,514 
Total 4,091 4,167 3,760 3,713 ' 3,908 
India:* 
Pyrites 32 32 31° 31 30 
Byproduct: | 
Metallurgy 590 600 590 600 610 
Natural gas and petroleum 530 540 530 540 550 
Total 1,150 1,170 1,150 ' 1,170 1,190 
Metallurgy 70 70 70 80 80 
Natural gas and petroleum 1,500 1,500 1,500 1,700 1,700 
tora __1570 ^ 1570 _____1,570 _____1,780 _____1,780 _ 
Metallurgy 90 90 90 90 90 
Petroleum | —— 650 650 650 650 650 
а ___мо ___мо мо 740 M0 
Japan, byproduct: 
Metallurgy 1,250 * 1,300 1,350 1,400 1,400 * 
Petroleum 1,966 2,034 1,864 1,892 1,900 * 
Kazakhstan, byproduct” о 
Metallurgy 300 300 300 300 300 
Natural gas and petroleum 1,661 4 1,733 4 2,200 ' 2,400 ' 2,400 
Total 1,961 4 2,033 * 2,500 ' 2,700 ' А и 4 
Korea, Republic of, byproduct, petroleum® 670 600 660 1,200 ^ 1,200 


See footnotes at end of table. 
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TABLE 11—Continued | » 
SULFUR: WORLD PRODUCTION IN ALL FORMS, BY COUNTRY AND SOURCE" 


(Thousand metric tons) 
2011 
Country and source? 2007 2008 2009 a | x 
Mexico, byproduct: Tn 
Metallurgy’ oo 550 700 ou. 
_ Natural gas and petroleum ^  — ———— ———— 1,041 1,114 


1,026 г 1,659 
Se ee ee 
Total = — 1576 т миы. Ш 
Netherlands, Ьургойис!:* 
Metallurgy 


130 130 


130 130 130 400 
Petroleum 400 400 400 400 


Poland? 

“Nae D и ы с НИ ы су 517 
Native 834 762 263 

а t er 


Byproduct: e 260“ 
Metallurgy 304 294 257 2 e 25" 
Natural gas 23 21 25 200 * 200 * 
Petroleum 188 201 i je | 
Unspecified 1 1 пе 1,140 

Total 1,350 ' 1,279 * 290 p 1,200 
Qatar, byproduct, natural gas 360 * 527 658 : 
Russia:* $ 50 
ыу ee рс” 50 

Native 50 50 У 200 200 

Pyrites 200 200 200 

Byproduct: 830 

- 820 

Metallurgy 800 820 820 2006 6,200 

Natural gas 6,000 6,100 6000 7.070 7,280 

Тога! 7,050 7,170 7,070 45 00" 4,600 
Saudi Arabia, byproduct, all sources? 3,089 * 3,163 * == | А 

South Africa: à 30 20 
— Pyrites, S content, fom goldmines — —— ——————— 7 2 ' | 
ET v —— — — ; 1666 m 
Metallurgy, copper, latinum, zinc plants 236 188 ' to ; 26] 5* a 

Petroleum ри ___ 335 323 291 370 


———Э35 а А а варе 
анаан 642 2715 536 
Spain, byproduct:* l | 


1 500 500 
Metallurgy 500 500 500 p 136 
E CC ———— 136 ДВО ааа т 
EM -— — — _ 637 637 637 598 80 
United Arab Emirates, byproduct, natural gas nd Sons 1,950 2,1754 2,000 
United States, Буров ee and petroleum" £ "mE. 
Ме S! 817 753 749 visi 1,130 
Маша раз ~~ 1,320 ' 1,300 1,220 7,100 


Petroleum 7,000 7,240 6,970 l | 5 i 8,950 
—Total ^77 —9150 „9888 __. eee 
Uzbekistan, byproduct:* 170 m 

Metallurgy 170 170 170 350 = 

Natural gas and petroleum 350 350 230 520 Је 

Тога] 520 520 aa? be 


800 
Venezuela, byproduct, natural раз and etroleum* 800 800 200 3,820 
Other 

ich: 9] 

: | jj? 
— Native 7777 ————————— 5i — 84 T 
EE. 1 = 2 5s в 84 am 
Unspecified 1,150 1,160 1,190 

See footnotes at end of table. 
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TABLE 1 1—Continued 
п aon SULFUR: WORLD PRODUCTION IN ALL FORMS, BY COUNTRY AND SOURCE!” 


(Thousand metric tons) 


м ОСЕ — 89597 707290 И О 


ЈА - 
я Оћег—Сопііпиеа: 


- | Of which: 
Byproduct: 
B i Metallurgy 9331. 936 ' 1,100 " 1,200 ' 1,140 
Natural gas and petroleum, undifferentiated 407 ' 363 358 399 ' 367 
ш 4 Petroleum 793 ' 821" 735 1,110" 1,120 
— j Grand total 67,800 * 68,300" 67,400 ' 69,400 ' 70,500 
Of which: 
Frasch 22 22 22 22 22 
Native’ 2,050 ' 1,990 " 1,520 1,890 2,030 
— Pyrites 4,940 5,050 5,020 4,950 4,940 
__ Unspecified 4,940 5,030 * 5,090 5,070" 6,410 
Byproduct: 
Coal, lignite, gasification‘ 1 || 1 1 1 
Metallurgy 16,700 * 16,900 * 17,200 * 17,700 ' 17,500 
Natural gas 7,710 ' 7,950 7,900 8,320 ' 8,550 
Natural gas, petroleum, oil sands, undifferentiated 19,000 18,700 18,500 ' 18,200 ' 17,900 
Petroleum 12,400 12,700 12,200 13,200 " 13,200 
“Estimated. ” Preliminary. Revised. 
Е = 'World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
*Table includes data available through September 28, 2012. 
>The term “source” reflects the means of collecting sulfur and the type of raw material. Sources listed include the following: Е rasch recovery; 
native comprising all production of elemental sulfur by traditional mining methods (thereby excluding Frasch); pyrites (whether or not the 
sulfur is recovered in the elemental form or as acid); byproduct recovery, either as elemental sulfur or as sulfur compounds from coal 
processing, crude oil and natural gas extraction, petroleum refining, oil sand cleaning, and processing of spent oxide from stack-gas scrubbers; 
and recovery from processing mined gypsum. Recovery of sulfur in the form of sulfuric acid from artificial gypsum produced as a byproduct of 
phosphatic fertilizer production is excluded, because to include it would result in double counting. Production of Frasch sulfur, other native 
1 sulfur, pyrite-derived sulfur, mined gypsum derived sulfur, byproduct sulfur from extraction of crude oil and natural gas, and recovery from 
— oil sands are materials. In contrast, byproduct recovery from metallurgical operations, petroleum refineries, and spent oxides are credited to 
the nation where the recovery takes place, which is not the original source country of the crude product from which the sulfur is extracted. 
“Reported figure. 
"Government of Poland sources report total Frasch and native mined elemental sulfur output annually, undifferentiated; this figure has been 
divided between Frasch and other native sulfur on the basis of information obtained from supplementary sources. 
"Sulfur is thought to be produced from Frasch and as a petroleum byproduct; however, information is inadequate to formulate estimates. 
2 "Includes “China, elemental.” 
2A 
РА 
/ 
7 


SULFUR—2011 74.15 


| 


TALC AND PYROPHYLLITE 


By Robert L. Virta 


omestic survey data and tables were prepared by Robin C. Kaiser, statistical assistant, and the world production table was 


pared by Glenn J. Wallace, international data coordinator. 


12011, talc production increased to 616,000 metric tons (t) 
jed at $21.8 million from 604,000 t valued at $19.1 million 
010. The quantity of talc sold remained unchanged at 

7,000 t but the value increased to $87.7 million from $84.9 
Шоп in 2010. U.S. apparent consumption of talc increased 
8% to 653,000 t in 2011 from 606,000 t in 2010. Exports of 
> decreased by 3% to 233,000 t valued at $47.2 million in 

11 from 240,000 t valued at $54.3 million in 2010. Imports 

sreased 12% to 270,000 t valued at $70.3 million in 2011 
ym 242,000 t valued at $67.1 million in 2010. U.S. production 

d sales of pyrophyllite decreased slightly in 2011 (data are 
ithheld to avoid disclosing proprietary information). 

This was a year of transition for the talc industry with more 
an 35% of world production capacity changing ownership, 
lowing the sale of the two leading global talc producers— 
uzenac Group and Mondo Minerals Holding B.V. World 
roduction of talc and pyrophyllite increased by 5% to 
.69 million metric tons (Mt) in 2011 from 7.34 Mt in 2010. 


,egislation and Government Programs 


In 2011, the U.S. Department of Defense authorized the 
lisposal of 865 t of block and lump talc and 621 t of ground 
alc, the entire uncommitted inventory of the National Defense 
3tockpile (NDS). There were no sales from the NDS in 2011. 


Production 


Talc.—Domestic production data were obtained through 
a voluntary survey of U.S. mining companies conducted by 
the U.S. Geological Survey (USGS). Survey forms were sent 
to five talc companies and responses were received from 
four. Responses accounted for 8596 of the production data 
presented in table 1. Data for the nonrespondent were estimated 
from reported prior-year data adjusted according to trends 
in production for reporting talc producers and consuming 
industries and Mine Safety and Health Administration (MSHA) 
employment data. 

In 2011, four companies operating six mines in four States 
mined talc. All were open pit mining operations. The producers 
were, in decreasing order of production, Imerys Talc America 
(formerly Luzenac America, Inc.) in Montana and Vermont, 
Specialty Minerals Inc. (a subsidiary of Minerals Technologies 
Inc.) in Montana, American Talc Co. in Texas, and Alberene 
Soapstone Co. in Virginia. CAL-TALC, Inc. in California 
worked from stockpiles in 2011. The three leading domestic 
producers collectively accounted for nearly all of the U.S. 
tonnage mined. | 

U.S. mine production increased slightly to 616,000 t valued at 
$21.8 million compared with 604,000 t valued at $19.1 million 
in 2010 (table 1). Production increased in Montana and Virginia 
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and decreased slightly in Texas and Vermont. Montana led 
all States in the tonnage of talc produced, followed by Texas, 
Vermont, and Virginia. 

Rio Tinto plc sold its talc division, Luzenac Group, to Imerys, 
a French investment group, for $340 million. The sale included 
Luzenac America, with mines and mills in Montana, Texas, and 
Vermont, as well as other talc mining and milling operations in 
Australia, Asia, and Europe. Luzenac Group was the world's 
leading talc producer, accounting for about 20% of global talc 
production; it had annual sales value of $395 million 
(Watts, 2011; Imerys, 2012, p. 26). 

Pyrophyllite.—Domestic production data of pyrophyllite 
(a hydrous aluminum silicate with a structure similar to talc) 
were acquired through a voluntary USGS survey of the two U.S. 
companies. One company responded to the survey. Data for the 
nonrespondent were estimated from reported prior-year data 
adjusted according to consuming industry trends and MSHA 
employment data. 

Standard Mineral Co., the leading U.S. pyrophyllite producer, 
operated two mines in North Carolina. Standard Industrial 
Minerals, Inc. had one mine in California but operated from 
stocks in 2011. Piedmont Minerals (a division of Resco Products 
Inc.) mined and sold products containing andalusite with minor 
amounts of pyrophyllite and sericite. The company did not | 
sell a separate pyrophyllite product in 2011. U.S. pyrophyllite 
production decreased slightly in 2011. Domestic data were 
withheld to avoid revealing company proprietary data. 


Consumption 


Domestic consumption data for talc and pyrophyllite w 
developed by the USGS from a voluntary survey of US. 
mills. Survey forms were sent to six companies operating | 
nine mills in five States for talc and two companies operating 
two mills in two States for pyrophyllite. Responses from four 
companies accounted for 88% of the talc data presented in 
table 2. The remaining data were estimated from preliminary 
data based on reported prior-year data adjusted according to | 
trends in production for reporting — and consuming 
i | d MSHA employment ааа. 
Је and use зен unchanged at 567,000 t of ud 
valued at $87.7 million in 2011, compared with 567,000 t value 
at $84.9 million in 2010 (table 1). U.S. producers reported that 
talc sold for domestic use increased slightly to 461,000 tin 
2011 from 454,000 t in 2010. Ceramics (mainly ceramic tiles) 
was the leading market, followed by paper, paint, other and 
(or) unknown uses, roofing, plastics, cosmetics, and rubber, 
in decreasing order of tonnage (table 2). Sales to all markets, 

t paper, increased slightly. 
eres Minerals reported that revenue from talc sales | 
increased by 7% to $46.9 million in 2011 from $44 million in 
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2010. Sales tonnages also increased by 7% as a result of slight 
improvements in residential and commercial construction and 
moderate increases in automotive manufacturing (Minerals 
Technologies Inc., 2012, р. 20-21). 

Sales of talc to manufacturers of ceramics (mainly tile), paint, 
and roofing were tied to commercial and home construction and 


but the value of all construction (residential and commercial) 
decreased to $790 billion in 2011 from $804 billion in 2010 
(U.S. Census Bureau, 2011; undated). 

The U.S. Internationa] Trade Commission (undated) reported 
that imports of ceramic tile under Harmonized Tariff Schedule 
of the United States (HTS) codes 6907. 10.00, 6908.10.10, 


а major market for talc, and U.S. producers sell their talc to 
domestic tile manufacturers, whose tile competes with imported 


Most of the 270,000 t of imported talc listed in table 4 was not 
included in the domestic end-use data in table 2. An estimated 


Prices 


In 2011, the unit value of crude talc was estimated to be 
535 per metric ton compared with $32 per ton in 2010. Nearly 


always were associated with low tonnage exports. Пена 
unit value of unmilled talc was greater than that of milit 
because of a large number of high-value, low-tonnag ent 
relative to the total export tonnage of unmilled talc. 

The average Customs unit value for all talc поа 
$260 per ton in 2011 compared with $278 per ton y | 
average unit value for imports of unground talc (HT A 
2526.10.00.00) was $207 per ton in 2011, a slight »- | 
$206 per ton in 2010. The average customs value pm 
(HTS code 2526.20.00) was $199 per ton in B ii 
from $235 per ton in 2010. The decrease in unit value 
because there were more import shipments of C зимй 
high-value talc in 2010 than in 2011. The average c ai 
for cut or sawed talc (HTS code 6815.99.20.00) was! 
ton, an increase from $975 per ton in 2010. 


Foreign Trade 


Detailed talc trade statistics, by country and oth A 
districts, are available from the U.S. Se 
Commission on its Interactive Tariff and Trade undated), US 
Website (U.S. International Trade бен ем 
talc exports decreased slightly in tonnage 9 TO 
$47.2 million in 2011 from 240,000 t value sara fork 
2010. By tonnage, Mexico was the leading s followed by 
from the United States with 39% of the tonnag cote i 
Canada with 26% (table 3). The remainder = milled. Meri 
other countries. About 97% of talc exports pra for 
(39%) and Canada (26%) were the fas " (tia (1598), Jap 
milled talc. Mexico (33%), Canada (28% ) ' destinations fo 
(11%), and Belgium (10%) were the leading 

nmilled talc. at $703 
“US. tal importe incredsed to 270,0% Sn ша iA 
million in 2011 from 242,000 t valued а: for imported tl 
By tonnage, China was the leading се ed by Canada Wi 
accounting for 46% of the tonnage, fol As was impo 
28% of the tonnage (table 4). The pile tonnage from Japan 
33 other countries. Much of the di О talc, China wss 
was likely to have been pyrophyllite rathe orts in 2011, Cams 
the source of 80% of the unmilled talc Imp ectively, fm 
and China accounted for 31% and 41 + E or sawe 
talc imports. Canada accounted for 74% 0 


imports. 
World Review 


ite wa 

World production of talc and рев 34 Mtin Ё 
to be 7.69 Mt in 2011, a 5% increase from ба so 
China accounted for 57% and Canada a |lite productio? 
348,000-t increase in world talc and руг Adi followed 
China was the world's leading Ве ~ d ча India, 
by, in decreasing order of quantity, the blic of Korea W35 » 
Finland, and France (crude). The Repu D by Japan B | 
leading producer of pyrophyllite, кк Егапсе, India, Жр 
and South Africa. Brazil, China, F ve tes together produ 
the Republic of Korea, and the United cable 5) 
80% of the world’s talc and pyr ophy a db Minerals, the 

Advent International Corp. acquir ih about 13% of glob 
second leading global talc producer w1 


oil 
00K- 
S YEARB 
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í = Aroduction, from HgCapital Trust plc. Mondo Minerals had 
PES “ines in Finland and mills in Finland and the Netherlands. 
‚ЕТО Minerals mined talc for such markets as ceramics, food, 
n 7033 paper, personal care products, and plastics. Production 
* 51:2 марок 800,000 metric tons per year of talc (Advent 
27 ан итпаНопа! Corp., 2011; Feytis, 2011). 
мыйы. 
up у look 
e мен 2011, the 2008—09 worldwide recession continued to 
ae * "et production trends in the talc industry. Global economic 
TZ. ЕЖУ was 3.9% in 2011, with the strongest growth, 6.2%, in 
= If 27 Jeloping and emerging countries. U.S. economic growth was 
- 25° сей to increase to 2.1% in 2012 from 1.7% in 2011, while 
ы Тї? ра] economic growth was predicted to decline slightly to 
"111% (International Monetary Fund, 2012, р. 2). This positive 
»nomic growth suggests that markets for talc and pyrophyllite 
гу improve slightly in 2012 compared with those of 2011. 
«е U.S. gross domestic product increased by 1.7% in 2011 
~=: S. Department of Commerce, undated). U.S. industrial 
is "oduction increased 4.796 from May 2011 to May 2012 
e Г, oard of Governors of the Federal Reserve System, 2012). 
ioi X3 value of manufacturers' shipments increased by 23.1% for 
gi 'tomobiles; 34.2% for heavy-duty vehicles; 12.9% for paints, 
£3 5atings, and adhesives; 10.8% for light trucks and utility 
ха hicles; and 8.2% for plastics and rubber products, comparing 
3:*::1atistics for January through April 2012 to the same period in 
222011 (U.S. Census Bureau, 2012). This suggests that sales of 
2574] used in catalytic converter bodies (ceramics), automotive 
z 2nd truck body and underhood components (plastics), paint 
(rii “and coatings (fillers and extenders), and plastics and rubber 
235 fillers and extenders in plastic products, tires, and other 
"ubber components) may increase in 2012 compared with 
.~ those of 2011. The slow growth in commercial and residential 
„а construction markets in the United States are likely to result 
ctin only slightly increased sales of talc into such markets as 
> adhesives, caulks, ceramics (particularly ceramic tile), joint 
, «compounds, architectural paint, and roofing in 2012. Sales of 
A pyrophyllite may increase slightly in 2012 as the economy 
: „23 recovers. 
P. 
References Cited 


17 

Ты Я Advent International Corp., 2011, In October 2011, Advent International 
completed its acquisition of the second largest global talc producer, Mondo 
Minerals Holding B.V.: Paris, France, Advent International Corp. press release, 
October. (Accessed January 27, 2012, at http://www.adventinternational.com/ 
investmentdata/Pages/Mondo Minerals English.aspx.) 

д Board of Governors of ће Federal Reserve System, 2012, Industrial production 

i and capacity utilization-G.17: Federal Reserve Board G-17. (Accessed 

June 6, 2012, at http://www.federalreserve.gov/releases/g 7/current/.) 

я Feytis, Alexandra, 2011, HgCapital sells Mondo Minerals to private equity 

ji investment group: Industrial Minerals, no. 527, August, p. 15. 

д j Imerys, 2012, 2011 Registration document—Annual financial report: Paris, 

> France, Imerys, March 22, 272 p. (Accessed June 18, 2012, at http:// 

р www.imerys.com/Scopi/Group/ImerysCom/imeryscom.nsf/pagesref/ 

ip NDEN-8SMPUG/$file/DDR2011VO.pdf.) 


TALC AND PYROPHYLLITE—2011 


International Monetary Fund, 2012, World economic outlook—-April 2012: 
Washington, DC, International Monetary Fund, 227 p. (Accessed 
April 17, 2012, at http:/Avww.imf.org/external/pubs/ft/weo/2012/01/pdf/text.pdf.) 

Minerals Technologies Inc., 2012, Form 10-K—2011: U.S. Securities and 
Exchange Commission, 36 p. 

U.S. Census Bureau, 2011, Annual value of construction put in place 2002— 
2011: U.S. Census Bureau, April 2. (Accessed April 17, 2012, at http:// 
www.census.gov/const/C30/total.pdf.) 

U.S. Census Bureau, 2012, Full report on manufacturers’ shipments, inventories 
and orders April 2012: U.S. Census Bureau M3-2 (12)-2, April 3, 9 p. 
(Accessed April 18, 2012, at http://www.census.gov/manufacturing/m3/prel/ 
pdf/s-i-o.pdf.) 

U.S. Census Bureau, [undated], New privately owned housing units started: U.S. 
Census Bureau. (Accessed April 17, 2012, at http://www.census.gov/const/ 


startsan.pdf.) 
U.S. Department of Commerce, [undated], National income and product 


accounts—Gross domestic product, 1st quarter 2012 (advance estimate): U.S. 
Department of Commerce, Bureau of Economic Analysis. (Accessed 
May 25, 2012, via http://www.bea.gov/newsreleases/national/gdp/ 


gdpnewsrelease.htm.) 
U.S. International Trade Commission, [undated], Interactive tariff and trade 
dataweb: U.S. International Trade Commission. (Accessed April 17, 2012, at 


http://dataweb.usitc.gov/.) | 
Watts, Mark, 2011, Imerys completes acquisition of Rio Tinto tale assets: 
Industrial Minerals, August 1. (Accessed August 1, 2011, via http:// 


www. indmin.com.) 


GENERAL SOURCES OF INFORMATION 


U.S. Geological Survey Publications 


Historical Statistics for Mineral and Material Commodities in 
the United States, Data Series 140. | 
Talc. Ch. in United States Mineral Resources, Professional 


Paper 820, 1973. | | 
Talc and Pyrophyllite. Ch. in Mineral Commodity Summaries, 


annual. | | 
Talc Resources of the Conterminous United States. Open-File 


Report 95—586, 1995. | | 
USGS Study of Talc Deposits and Associated Amphibole 

Asbestos Within Mined Deposits of the Southern Death Valley 

Region, California, A. Open-File Report 2004—1092, 2004. 
U.S. Talc—Baby Powder and Much More. Fact Sheet 065-00, 


2000. 
Other 


Ceramic Industry. 

Paint and Coatings Industry. 

Talc. Ch. in Industrial Minerals an 
Mining, Metallurgy, and Exploration In 

Talc and Pyrophyllite. Ch. in Mineral Facts an 
Bureau of Mines Bulletin 675, 1985. | 

Talc Industry—An Overview, The. U.S. Bureau of Mines 
Information Circular 9220, 1989. 


Using the Geologic Setting of Talc р 
Amphibole Asbestos Content. Environmen 


d Rocks (7th ed.), Society for 
c., 2006. 
d Problems, U.S. 


eposits as an Indicator of 
tal Geology, 2004. 


75.3 


TABLE 1 
SALIENT TALC AND PYROPHYLLITE STATISTICS! 


(Thousand metric tons and thousand dollars) 


TT AW CO — — 1 
United States: 
os о DES 


Mine production, crude: 


Quantity: 


616 
Talc 769 706 511 = ү 
Ругорћу е W W W 

Value: 


21,800 
Tale 24,400 21,800 ae D W 
Pyrophyllite W W W 


Sold by producers, crude and processed: 


Quantity: 567 567 
Talc 720 667 512 = V 
. W 
Pyrophyllite W W 


Value: 


87,700 
АЕ ааа 27 4,900 : 
Talc 82,000 83,300 57,200 : i y 
Pyrophyllite W W W 


Exports, talc:? 


r 233 
240 
Quantity 271 244 188 T 4200 
меље a — M м 
Imports for consumption, talc: 270 
PON TOC 0000 


242 
Quantity 221 193 134 TEN 70,300 
World, production 7,730 7,680 ' ` 


"Estimated. "Revised. W Withheld to avoid disclosing company proprietary data. 


"Data аге rounded to no more than three Significant digits; may not add to totals shown. 
"Excludes powder—talcum (in package), face, and compact. 
*Production plus imports minus exports plus a 


djustments in Government and industry stocks. 


al 
00K? 
RALS YEARP 
is 1.5 GEOLOGICAL SURVEY MINE 


TABLE 2 
END USES FOR TALC PRODUCED IN THE UNITED STATES' 


(Thousand metric tons) 


2010 2011 

Ceramics” 111 118 

Cosmetics 16 17 

Paint 88 92 

$ Paper 101 92 
Plastics | 40 40 

Roofing 4] 41 

Rubber 11 13 

Офег 47 48 

Total 454 461 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
“Includes tile. 

?Includes art sculpture, construction caulks, insecticides, joint compound, and other 
uses not specified. 


TABLE 3 
U.S. EXPORTS OF TALC!’ 


(Thousand metric tons and thousand dollars) 


iT ЕО NT 

Country Quantity Value? Quantity  Уаше” 
Belgium 9" 2,370 ' 2 842 
[NES ЕЕ 25 6 1,870 в т 
Сапада“ 55' 10,900 ' 61 12,500 
China: — Ее е 16 6,760 2,420 
све пен и 8 3,090 7 3,270 
France Би Cw ТВ 2 356 3 512 
Јарап PER MET X 5 1,180 ' 4 1,250 
Meo та. 80 8,270" 90 9,240 
Singapore 11 3,820 ' 9 2,910 
2 240 ' 54,300 ' 233 47,200 


"Revised. 

'Data are rounded to no more than three significant digits; may not add to totals shown. 
^Excludes powders—talcum (in package), face, and compact. 

*Free alongside ship. 

*Probably includes shipments in transit through Canadian ports. 

"Includes 53 countries in 2010 and 54 countries in 2011. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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US. 


Country’ 

Argentina, talc and related materials 
Australia:® 4 

Ругорћу це 

Та!с 
Austria, soapstone and talc, crude 
Bhutan, talc 
Brazil, tale and pyrophyllite 
Canada, pyrophyllite, soapstone, talc 
Chile, talc 
China, unspecified" 
Egypt, pyrophyllite, soapstone, steatite, talc 
Finland, talc* 
France, talc, crude" 
Guatemala, talc 
Hungary, talc* 
India: 

Pyrophyllite 

Steatite 
Iran, talc^? 
Italy, steatite and talc? 
Japan: 

Pyrophyllite 

Talc 
Korea, North, unspecified" 
Korea, Republic of: 

Pyrophyllite 

Talc 
Macedonia, talc 
Mexico, talc 


Morocco* 


Nepal, talc’ 


Norway, soapstone, steatite, talc" 
Pakistan, pyrophyllite 


Paraguay, pyrophyllite, soapstone, talc* 
Peru: 
Pyrophyllite 
Talc 
Portugal, talc 
Romania, talc* 
Russia, talc* 
South Africa: 
Pyrophyllite 
Talc 
Spain, steatite and talc* 
Sweden, soapstone and talc* 
Thailand: 
Pyrophyllite 
Talc 
Turkey, talc and pyrophyllite 
United Kingdom, pyrophyllite, soapstone, talc* 
See footnotes at end of table. 
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TABLE 5 
TALC AND PYROPHYLLITE: WORLD PRODUCTION, BY COUNTRY AND PRODUCT"? 


(Metric tons) 
2007 2008 
24,836 22,218 
1,200 1,200 
120,000 120,000 
153,409 154,577 
62,015 56,077 
401,204 513,433 € 
79,000 70,000 * 
2,104 2,108 
2,000,000 2,200,000 
67,000 69,000 
550,000 550,000 
420,000 420,000 
1,291 1,030 
500 500 
87,000 87,000 
555,000 560,000 
90,889 6 89,110 79 
140,000 140,000 
345,000 350,000 
26,000 26,000 
50,000 50,000 
798,054 892,625 
9,557 6,438 
1,775 977 
9,800 * 17,577 
2,000 2,000 
9,043 7,996 ' 
28,000 28,000 
32,675 26,000 ' 
200 200 
ced NT 
23,096 ' 17,984 
12,367 11,220 ' 
1,513 $ 1,700 
170,000 160,000 
123,573 80,704 
14,281 5,145 
100,000 100,000 
14,000 14,000 
415,420 106,600 
3,508 3,264 
12,722 3,364 
6,000 6,000 


2009 
22,762 ' 


1,200 
120,000 
111,388 

64,381 ' 
577,935 ' 
44,000 
1,202 


2,300,000 


44,000 "° 
500,000 
420,000 

6,355 
500 


88,000 
550,000 

66,383 "5 
140,000 


340,000 
25,000 
50,000 


617,411 
5,996 
33,421 
2,000 
6,601 * 
28,000 
34,000 ' 
200 


T 


13,359 ' 

11,567 * 
500 
160,000 


114,889 
4,718 
100,000 
14,000 


200,000 
3,000 * 
6,887 
6,000 


2010 
24,820 ' 


1,200 
120,000 
138,367 ' 

26,302 * 

655,436 ' 
96,000 

1,364 ' 
2,000,000 


80,000 "° 


500,000 
420,000 

2,175 ' 
500 


90,000 ' 
550,000 

80,000 " 
140,000 


340,000 
24,000 
50,000 


673,936 ' 
5,729 € 
870 ' 
2,000 
9,000 * 
26,000 
35,000 ' 
200 


r 


13,296 ' 
11,951 ° 
1,000 

160,000 


122,511 
3,150 
100,000 
14,000 


200,000 
3,000 
8,000 
6,000 


2011° 
25,000 


1,200 
120,000 
140,000 

30,000 
656,000 
147,000 ? 

1,500 

2,200,000 

90,000 
500,000 
420,000 

3,000 

500 


90,000 
560,000 
90,000 
140,000 


350,000 
24,000 
50,000 


700,000 
6,000 


17,792 6 
12,000 
1,000 
160,000 


130,000 
4,400 
100,000 
14,000 


200,000 
3,000 
8,000 
6,000 


TABLE 5—Continued 
TALC AND PYROPHYLLITE: WORLD PRODUCTION, BY COUNTRY AND PRODUCT"? 


—— mad eee : 
United States: Was | 
Pyrophyllite W W W W W 
Talc 769,000 706,000 511,000 604,000 616,000 ° Th 
Uruguay, pyrophyllite, soapstone, talc" 1,150 1,150 1,150 1,150 1,150 with 
Zimbabwe, talc" 200 200 200 Y. А dom 
Grand total 7,730,000 7,680,000 ' 7,350,000 * 7,340,000 ' 7,690,000 illo 
Of which: Were 
Pyrophyllite 1,800,000 ' 1,540,000 " 1,400,000 " 1,460,000" 1,510,000 prev 
T e _______------ 555,000 560,000 550,000 550,000 560,000 Don 
Talc 2,300,000 ' 2,200,000 1,950,000 ' 1,990,000' 2,020,000 incre 
Unspecified 3,080,000 3,370,000" 3,450,000" 3,340,000" — 3,600,000 the | 
*Estimated. "Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data; not included in “Total.” -- Zero. com 
! World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. $39 
?Table includes data available through April 27, 2012. min 
?[n addition to the countries listed, Nigeria may produce talc, but information is inadequate to estimate output. typi 
con 


ending June 30 of year stated. 
cate 


^Data based on fiscal year 
beginning March 21 of year stated. 


рака based on fiscal year 


Reported figure. 
"Data based on fiscal year beginning mid-July of year stated. tho 
the 
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THORIUM 
By Joseph Gambogi 


^,-— Domestic survey data and tables were prepared by Martha L. Jackson, statistical assistant, and the world production table 


- —was prepared by Lisa D. Miller, international data coordinator. 


' — Thorium consumption worldwide is relatively small compared 


: with that of most other mineral commodities. There was no 

' domestic production of thorium reported in 2011. АП thorium 
alloys, compounds, and metal used by the domestic industry 
were derived from company stocks, imports, or material 

, previously acquired from the U.S. Government stockpile. 
Domestic imports for consumption of thorium compounds 
increased by 88% in 2011, according to data collected by 

the U.S. Census Bureau (tables 1, 2). The value of thorium 
compounds used by the domestic industry in 2011 was 
$398,000, an increase of 9196 from $208,000 in 2010. Only 
minor amounts, less than 10 metric tons (t) of thorium, are 
typically used annually. However, large fluctuations in apparent 
consumption are caused by intermittent use, especially for 
catalytic applications that do not require annual replenishment. 
In 2011, India (89%) and France (11%) were the sources of 
thorium compound imports. China continued to dominate 

the supply of thorium, accounting for 8196 of global mine 
production. 

Thorium has been found to some extent in every continent 
of the world, but is concentrated in a few geologic deposit 
types. There are three principal sources of thorium that are of 
commercial interest —monazite in heavy-mineral sand placer 
and vein deposits, thorite ores in vein deposits, and thorium 
recovered as a byproduct of uranium mining. Thorium and 
its compounds were produced primarily from the mineral 
monazite, which was recovered as a byproduct of processing 
heavy-mineral sands for zircon and the titanium minerals, 
ilmenite and rutile, or the tin mineral cassiterite. Monazite was 
recovered primarily for its rare-earth element (REE) content, 
and only a small fraction of the byproduct thorium produced 
was consumed. Monazite-producing countries were, in 
decreasing order of production, India, Malaysia, Vietnam, and 
Brazil (table 3). 

Problems associated with thorium's natural radioactivity 
represented a significant cost to those companies involved in 
its mining, processing, manufacture, transport, and use. The 
costs to comply with environmental regulations and potential 
legal liabilities and the high costs to purchase storage and waste 
disposal space were the principal deterrents to its commercial 
use. 

Limited demand for thorium, compared with demand for 
REEs produced from thorium-containing minerals, continued 
to create a worldwide oversupply of thorium compounds and 
residues. Most major rare-earth processors have switched feed 
materials to thorium-free intermediate compounds, such as 
rare-earth chlorides, hydroxides, or nitrates. Excess thorium 
not designated for commercial use was either disposed of as 
a low-level radioactive waste or stored for potential use as a 
nuclear fuel or in other applications. Principal nonenergy uses 
have shifted from refractory applications to chemical catalysts, 
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lighting, welding electrodes, and heat resistant ceramics, in 
descending order of use. 


Production 


Domestic mine production data for thorium-bearing minerals 
were developed by the U.S. Geological Survey from a voluntary 
canvass of U.S. thorium operations. The one mine to which a 
canvass form was sent responded. Thorium was not produced 
in the United States in 2011, and the mine that had previously 
produced thorium-bearing monazite at Green Cove Springs, 

FL, (Iluka Resources Inc., a wholly owned subsidiary of Iluka 
Resources Ltd.) ceased production of zircon from tailings during 
2009. The monazite production capacity has been on care- 
and-maintenance status for several years. Monazite was last 
produced in the United States in 1994. 


Consumption 


Statistics on domestic thorium consumption were developed 
by evaluating import and export data, and surveying various 
processors and manufacturers. Domestic thorium producers 
and processors that were surveyed reported no consumption of 
thorium oxide equivalent in 2011 and were idle owing to the 
lack of thorium demand. Additional information on domestic 
consumption was not available. Essentially all thorium alloys 
and compounds used by the domestic industry were derived 
from imports, company stocks, or materials previously sold 
from the National Defense Stockpile. Domestic companies 
processed or fabricated various forms of thorium for nonenergy 
uses, such as ceramics, chemical catalysts, lighting, and welding 
electrodes. Lightbridge Corp. (McLean, VA) continued work 
on the design of a light water reactor using thorium. In 201 1, 
Idaho National Laboratory was in the process of completing 
an analysis of the company’s thorium-based technology 


(Lightbridge Corp., 2011, p. 26). 
Prices 


Published prices for thorium oxide and nitrate were not 
available. The average unit value of imported thorium 
compounds was $68.6 per kilogram, nearly unchanged 
compared with $69.7 per kilogram in 2010. 


Foreign Trade 


Exports of thorium ores and concentrates are minor relative 
to world production. In 2011, there were no exports of thorium 
ores and concentrates, and imports were about 1 t valued at 
$762,000 in 2010. Exports of thorium compounds from the 
United States were 4.28 t valued at $762,000, an increase from 
1.5 t in 2010 (table 2). Principal destinations were, in order of 
quantity, Brazil, China, Republic of Korea, and Singapore. 
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Owing to limited demand, thorium ores and concentrates, and 
thorium compounds, are imported sporadically. In 2011, 30t 
of thorium ores or concentrates was imported from inventory 
located in the United Kingdom (table 2). Imports of thorium 
compounds in 2011 totaled 5.71 t valued at $398,000, an 
increase from 3.03 t valued at $208,000 in 2010. India and 
France were, in order of quantity, the leading suppliers of 
thorium compound imports in 2011. 


World Review 


Thorium demand worldwide remained depressed because of 
concems about its naturally occurring radioactivity. Industrial 
consumers expressed concerns about the potential liabilities, the 
cost of environmental monitoring to comply with regulations, 
and the cost of disposal at approved waste burial sites. 


horium increased worldwide, however, as various 


Interest in t | | 
countries exhibited an interest in thorium-fueled nuclear power 
as an alternative to uranium. In 2011, the exploration and 

development of rare-earth projects associated with thorium was 


underway in Australia, Canada, Greenland, India, South Africa, 


the United States, and Vietnam. 
China.—The Chinese Academy of Sciences began a new 


research initiative to develop thorium molten-salt reactor 
(TMSR) technologies. The effort was being led by the TMSR 
Center at the Shanghai Institute of Applied Physics. By 2017, 
two 2-megawatt (MW) research reactors based on two molten 
salt technologies were expected to be constructed, and by 2035, 
construction of a 1,000-MW reactor was expected to help 
demonstrate the commercial feasibility of the technology 
(Chen, 2012). 

France.—Areva Inc. (Paris) began construction of a facility 
in Bessines to extract lead-212 for use in experimental cancer 
treatments. Lead-212 is a daughter product of thorium-232, 
and Areva planned to extract the lead from thorium using 
proprietary technology. In 2011, Areva received approval from 
the U.S. Food and Drug Administration to begin clinical trials of 
a new treatment using lead-212 and the facility was expected to 
be completed in 2013 (Areva Inc., 2011). 

India.—The Indian Department of Atomic Energy continued 
development of a 300-MW advanced heavy water reactor fueled 
by thorium. At yearend 2011, site selection for the new reactor 
was ongoing, but was expected to be adjacent to an existing 
nuclear powerplant in India. Once regulatory and environmental 
approvals are obtained, construction of the rector was expected 
to require 6 years to complete (Rahman, 2011). 

At yearend, Indian Rare Earths Ltd. continued work on 
the construction of a 10,000-metric-ton-per-year monazite 
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processing plant at its Orissa Sands Complex in the Ganjam 
District. The Orissa plant was expected to support domestic 
and international rare-earth production, and was expected tok 
operational in 2013 (Kaul, 2012). 


Outlook 


Thorium use in the United States has decreased substantily | 
since the early 1990s. Domestic consumption is expected | 
to remain at recent low levels unless thorium’s use as a 
nonproliferative nuclear fuel becomes widely commercialized 
or a low-cost technology is developed to dispose of thorium 
residues created as a byproduct during mineral processing 
specifically monazite. In the long term, high disposal coss, 
increasingly stringent regulations, and public concerns related 
to thorium’s natural radioactivity are expected to continue to 
discourage its use in global nonenergy applications. Interest in 
thorium-powered nuclear reactors was expected to continue. 
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TABLE 1 
SALIENT U.S. THORIUM STATISTICS! 


2007 2008 2009 2010 2011 


Exports, gross weight: 
Thorium ore, including monazite metric tons Ра 61 18 1" - 
Compounds do. 1.63 12.62 4.73 1.50 4.28 
Imports for consumption, gross weight: 
Thorium ore, including monazite do. -- -- 26 = 30 
Compounds do. 6.37 0.69 2.25 3.03 5.71 


Prices, yearend: 
Nitrate, gross wei ё dollars per kilogram 27 NA NA NA NA 
Oxide, 99.9% puri do. 200 252° 252" 252 ' МА 
"Revised. do. Ditto. МА Not available. -- Zero. 
‘Data are rounded to no more than three significant digits. 


Source: Rhodia, Inc., free on board port of entry, duty paid, thorium oxide basis. 


| ТАВГЕ 2 
U.S. FOREIGN TRADE IN THORIUM AND THORIUM-BEARING MATERIALS' 


ee И ee, мышы И ыз і мы тш ллы ee ee ШЕ AREAS 
2010 2011 


Quantity 


Quantity is 
(metric tons) Value (metric tons) Value Principal destinations/sources and quantities, 2011 


Exports: 
Thorium ore, monazite concentrate 1° $15,200 ae —- XX | 
1.50 605,000 4.28 $762,000 Brazil, 1.30; China, 1.12; Republic of Korea, 0.50; 


Compounds ; 
LLL Singapore 0.50) — 
Imports for consumption: 


Compounds 
"Revised. XX Not applicable. -- Zero. 


‘Data are rounded to no more than three significant digits. 


Source: U.S. Census Bureau. 


TABLE 3 
2 
MONAZITE CONCENTRATE: ESTIMATED WORLD PRODUCTION, BY COUNTRY' 


(Metric tons, gross weight) 


Coun 2007 2008 2009 2010 2011 
Brazil 1,173 4 834 "5 303 "^ 249 * 250 
ава 5,000 5,000 5,000 5,200 5,200 
Malaysia" 682 233 25 732 ' 779 ' 
Nieman __________- —À 1,400 1,400 1,200 310 360 
То _ моо 6 64907 a _ 


| : 
World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


‘Table includes data available through May 9, 2012. 
In addition to the countries listed, other countries may produce monazite, but available information is inadequate for the formulation 


of reliable estimates of ouput levels. 
Reported figure. 
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TIN 


By James F. Carlin, Jr.' 


Domestic survey data and tables were prepared by Linda M. White, statistical assistant, and the world production tables 


vere prepared by Lisa D. Miller, international data coordinator. 


Tin has not been mined in the United States since 1993; 
:onsequently, the country was reliant on imports and recycling 
or its tin needs. In 2011, 25 firms consumed 90% of the primary 
in used domestically. The estimated value of primary tin metal 
sonsumed domestically was $875 million. Industry stocks 
lecreased by 10% compared with those at yearend 2010. 

In 2011, approximately 13,600 metric tons (t) of tin was 
recovered from scrap, most of it from old scrap (table 5). About 
7% of the tin used in the United States was recycled metal. 

World tin mine output was essentially unchanged from that 
in 2010, and world primary tin smelter production decreased 
slightly from that in 2010 (tables 9, 10). Of the 19 countries 
in which tin was mined, the top 5 accounted for 9196 of the 
total world tin production of 244,000 t. China was the leading 
producer (49% of world output), followed by Indonesia (17%), 
Peru (12%), Bolivia (8%), and Brazil (5%). 

In 2011, the world tin market was estimated to have a 
moderate deficit of production relative to consumption, and 
the composite tin price increased by 27% from that in 2010. 
World tin reserves were estimated to be 4.9 million metric tons 
(Mt), about 14 times the estimated 2011 world primary tin 
consumption of 360,000 t. Most tin reserves were in Asia and 
South America. 


Legislation and Government Programs 


In fiscal year 2008, the Defense Logistics Agency (DLA) 
suspended sales of tin pending an additional study. The DLA has 
not sold any tin since then. The Annual Materials Plan (AMP) 
for fiscal year 2011 sales was set at zero. The AMP for fiscal 
year 2012 was 804 t. As of December 31, 2011, the National 
Defense Stockpile (NDS) tin inventory was 4,020 t, which was 
stored at the DLA’s depot in Hammond, IN (Juned J. Refai, 
DLA Strategic Materials, written commun., 

November 27, 2011). 

The “Reduction of Lead in Drinking Water Act” (Public 
Law No. 111—380) was signed into law on January 4, 2011. 
The law, which becomes effective January 4, 2014, lowers the 
national standard for lead in faucets, pipe fittings, and pipes 
to 0.25%. The previous national standard was 8.0%. Industry 
sources noted that the bill harmonizes lead standards across the 
country. The lower lead standard may promote greater use of 
tin in plumbing fixtures because many fixtures contain alloys 
of lead and tin, especially in solders (Plumbing Manufacturers 
International, 2011). 


!Deceased. 
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Production 


Mine.—Tin was not mined in the United States in 2011. Until 
1993, a few small tin mines had operated sporadically in the 
United States; no mine production data have been reported to 
the U.S. Geological Survey (USGS) since that year. 

Secondary.—A significant quantity of alloy tin scrap was 
generated during manufacturing processes and recycled in 
those same industries. Secondary tin recovered from obsolete 
fabricated parts was used in many kinds of products and was a 
particularly important source of tin for the manufacture of brass, 
bronze, and solder. 

The Steel Recycling Institute (Pittsburgh, PA), funded by 
the North American steel industry, continued to promote the 
collection, preparation, and transportation of steel can scrap. 
The domestic recycling rate for steel cans, most of which are 
made from tinplate, was 71% in 2011, up from 67% in 2010. 
This percentage has generally increased each year since 1990 
(Steel Recycling Institute, 2012). 


Consumption 


In 2011, domestic consumption of new and old scrap was 
estimated to be 13,600 t, slightly less than that in 2010 (table 5). 
Domestic consumption data for tin were developed by the USGS 
from a voluntary survey of tin consumers. Of the 130 firms to 
which a survey form was sent, 56 responded, accounting for 
3896 of reported consumption. Data for the nonrespondents were 
estimated based on prior-year reporting. 

The total number of metal cans shipped domestically was 
124 billion in 2011 compared with 130 billion in 2010. Steel 
(essentially tinplate and tin-free steel) dominated in the food, 
pet, and general line can markets, and aluminum accounted for 
10096 of the beverage can market (Can Manufacturers Institute, 
2012, p. 20). D 

Severstal North America Inc. (Dearborn, MI) [а subsidiary of 
OAO Severstal (Moscow, Russia)] sold its still-producing plants 
in Sparrows Point, MD, Wheeling, WV, and Warren, OH, to The 
Renco Group, Inc. (New York, NY). Severstal North America, 
the fourth leading flat-rolled steelmaker in the United States 
with about 13 million metric tons per year (Mt/yr) of capacity, 
received $125 million cash, a $100 million secured note, and 
the repayment of $317 million of third-party debt at closing. 
Renco also assumed various Severstal North America financial 
liabilities, including employee-related and environmental 
liabilities totaling $650 million. Renco formed a wholly owned 
subsidiary, RG Steel LLC (Sparrows Point, MD), which signed 
a stock purchase agreement to acquire the three steel operations. 
After the sale, Severstal North America was left with about 


6 Mt/yr of flat-rolled steelmaking capacity at its Dearborn, MI, 
integrated steel plant and its minimill in Columbus, MS. The 


deal made RG Steel the fourth leading flat-rolled steel producer 


in the United States with about 7.5 Mt/yr of capacity. Both the 


Sparrows Point and the Wheeling steel plants were leading users 


of tin for making tinplate (Platts Metals Week, 2011). 
Prices 


The 2011 Platts Metals Week average composite price for tin 
metal increased by 27% from that in 2010. The London Metal 
Exchange Ltd. (LME) remained the principal global trading 
forum for tin. The LME average tin price for 2011 was $11.84 
per pound. 

According to an official at Malaysia Smelting Corp. BHD 
(MSC) (Kuala Lumpur, Malaysia), the high tin prices were the 
result of supply-demand fundamentals rather than speculation. 
There were two basic factors that have been restricting the 
world tin supply—low tin ore grades and selected government 
restrictions on tin mining in Indonesia (the world’s leading tin 
exporter). 


Foreign Trade 


U.S. imports of refined tin, which supplied most domestic tin 
requirements, decreased by 3% compared with those of 2010 
(table 8). Imports of tin in all forms (metal, ore and concentrate, 
scrap, and waste) remained duty free. Foreign-owned trading 
firms tended to dominate the marketing of imports. U.S. imports 
of tin came mostly from Peru, Bolivia, Indonesia, and Malaysia, 
in descending order of quantity imported. Refined tin exports 
were significantly less than imports (tables 6, 8). 


World Review 


According to a survey conducted by the tin industry 
organization, ITRI Ltd. (Frogmore, United Kingdom), global 
refined tin consumption was estimated to have increased 
by almost 13% in 2010 to 360,000 t from that їп 2009, and 
preliminary estimates for 2011 indicate a marginal decline in 
usage from 2010. Industrial and electronic solders together 
accounted for almost 54% of refined tin demand in 2010, 
having increased by an estimated 22,300 t from that in 2009. 
Solder, primarily for electronic applications, has consistently 
accounted for more than 50% of the tin end-use market since 
2005. The 2010 estimated world tin consumption figure suggests 
that tin consumption has been higher than previously expected 
following the recent global financial crisis, with consumption 
in 2010 approximately the same as that in 2006. The study 
indicated that China’s tin usage reached a new record level of 
147,000 t, although consumption in the rest of the world was 
about 25,000 t less than at its 2006 peak. ITRI estimated that 

the world’s tin consumers used about 59,000 t of secondary 
(scrap) tin in 2009 and an estimated 60,000 t in 2010, with 
China accounting for more than 75% of the world total in 2010. 
ITRI’s data were compiled from 171 companies worldwide and 
accounted for more than 47% of estimated refined tin usage 
(Metal-Pages, 201 1). 

World production of refined tin has been fairly stable at 
about 350,000 metric tons per year (t/yr) in recent years, 
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decreasing slightly in 2008—09 in response to the decline 
world consumption following the 2008 global financial cnss | 
Meanwhile, mine production, which peaked in 2007 at abut 
300,000 +, has been declining. The growing gap between mi 
and refined tin production, especially in China, has been fili 
by increased secondary refined tin production. Two-thirds 
more of tin mine production was from China and Indonesia 
and production from Indonesia and production from China bs 
essentially stabilized below its peak in 2009 (ITRI Ltd., Uli 
ITRI and Greenfields Research Ltd. (London, United | 
Kingdom) completed a 2-year project to build a “Tin Product 
Costs Model,” which was intended to help to quantify the | 
parameters of the future tin price range. The floor price of 
identified by marginal cash operating costs, was nsing rapidly 
owing mainly to falling grades at Indonesian alluvial оре 
while the high capital costs of replacement hard-rock mining 
capacity would also raise the long-term industry average А 
price. The report identified about 60 new mine projects i | 
combined potential capacity of more than 100,000 Џуго и! 
in-concentrates, which could come onstream 1n the next 510 
years. These were mainly low-grade deposits where tin 
principal product, including a number of polymetallic pa : 
whose economics were helped by the recovery of сорго Ж 
Also included were several large tailings retreatment ae 
These potential new projects, if they come to seat ~ 
produce enough new tin to tilt the supply-demand bala 
toward an excess of supply (ITRI Ltd., 201 le). огзи 
According to ће Association of European pie з 
for Packaging (APEAL), 71% of steel gears AP 
tinplate) in Europe was recycled in 2010. Accor “4 х 
steel was still the most recycled packaging ae "EA 
where plastics, beverage cartons, and glass had a m 
34%, and 68% respectively. APEAL has a jt пара 
achieving ап 80% recycling rate in Europe for ste es эз 
and zero metal cans in landfills by 2020. The с we 
for Germany was 93.8% in 2010, and the on] cassia 
dropped below a 90% recycling rate since d | 
European Producers of Steel for Packaging, а ё f Glencore 
Bolivia —Sinchi Wayra [owned by а SUDST igs 
International AG (Baar, Switzerland)] o се. 
in Bolivia that produced about 6,000 t/yr 0 а y requiring 
2009, the Bolivian Government passed a a s vente 
mining entities to form joint ventures with sd им 
Glencore was engaged in negotiations regarding 


with оде 
50 
Ж ture. Glencore 
ee: ne as а joint ven 
of its mines already operating а 13, which was expec 


— 


ted to 


lanned to expand production by 201. rng signi 
Са а project to reprocess old tailings containing 


ject was 
:ri Mine. The ргоје 
levels of tin and zinc at the m “TRI Lid. 20115). 


joint venture in China, whic 
production capacity to 2 Mt/yr. 
with Wuhan Iron and Steel Corp. (WU м 
would construct a $293 million plant in А 
an annual capacity of 200,000 t/yr that ма 
production in the summer of 2013. ре a 
one tinplate venture in Guangdong 3e P iy, Nipp 
Indonesia and Thailand. With the new 14677» 


expected to 5 
Steel already 
45 
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шаш S&lerseas tinplate capacity would increase by one-third to 
512:300,000 t/yr. The production capacity of Nippon Steel's three 
cut v? 'omestic tin mills was 1.2 Mt/yr. Nippon Steel forecast that 

25 “xrewhina’s demand for tinplate would increase to about 3.3 to 
*5x2:11.7 Mt by 2015, compared with 2.3 to 3.0 Mt in 2009 (ITRI 

zu xzruntd., 20119). 

таву у China Tin Group Со. Ltd. (Guangxi City, Hunan Province) 
ty топа joint-venture partner Unionmet (Singapore) Ltd. entered 
15: ‚МЮ an agreement to acquire a 65% stake in PT Yinchenindo 
sr: Mining Industry for $10 million. China Tin was China's second 
4e; €ading integrated tin company and produced 14,300 t of refined 
prin in 2010. PT Yinchenindo operated a tin smelter and held 
— 3411 mining permits оп Indonesia's Belitung Island. Unionmet 
— produced indium ingots (ITRI Ltd., 201 1a). 

` cuu Congo (Kinshasa).—Government officials in Congo 

af ort ЛЕД ; А НВ 5 

DEM (Kinshasa) reportedly were discussing a joint venture with MSC 
es „tO build a tin smelter in eastern Congo (Kinshasa). The smelter 
77 would be built in Kalima, Maniema Province, about 1,200 

i 4 kilometers (km) east of Kinshasa. The Congolese Government 
а expected that the project would initially rehabilitate existing 
152 · structures for an output of 500 t in the startup year. Part of 

za д> the plan was to collect between 5,000 апа 7,000 t/yr of tin-in- 
= ‚ concentrate from small-scale miners in Maniema Province to 
i use as feedstock for the smelter (CRU Tin Monitor, 2011a, 

=== р. 9-10). 

p87 Egypt.—Gippsland Ltd. (Claremont, Western Australia, 

< Australia) completed a program of sampling and size analysis of 
25+ alluvial material as a prelude to trial mining at its Abu Dabbab 
Е tin-tantalum-feldspar deposit in Egypt, which it planned to start 
3° in 2011. Based on these evaluations and current higher tin and 
2 tantalum prices, the company planned to redesign the open pits 
57 and increase the production rate to 3 Mt/yr of ore and the tin-in- 
у concentrate average to 2,340 Џуг. The new expected mine life 
502 would be 13.8 years, and the total tin contained in ore increased 
mi” by nearly 12% to 46,800 t (Gippsland Ltd., 201 1a, b). 

14 — Germany.—Deutsche Rohstoff AG (Heidelburg) spun off its 
ү! tin assets into a new company, Tin International Ltd. (TIN), and 
277 planned an initial public stock offering on the Australian Stock 
57 Exchange in 2012. The tin assets, the Geyer апа Gottesberg 

A7 deposits, in the Ergzgebirge region of Saxony, near the German- 
„Я Czech border, were explored by the German Democratic 

"Я Republic in the 1970s and the 1980s and were estimated to 

s® contain about 180,000 t of tin. TIN began a drilling program in 
yf late 2011 to confirm the size of the deposits (CRU Tin Monitor, 
¿$  201la,p. 10). 

и? Indonesia.—PT Timah (Jakarta), one of ће world’s leading 
s tin producers, announced that it planned to produce 50,000 t 

of refined tin in 2012, an increase of 19% from its output of 

# 42,000 t in 2011. The production was expected to come mostly 
sj from offshore mining. Illegal mining has hampered Timah’s tin 
J mining activity onshore (Nugraha, 201 1). 

j Tin producers on Indonesia’s Bangka Island announced plans 
#10 establish a tin market to gain greater control of supply and 

# prices. The tin producers felt that the existing tin markets, the 

$ Kuala Lumpur Tin Market in Malaysia and the LME, failed to 

| ж пенай ошса Вапрка. Plans called for 
| — solely to tin produced a i uu Wwe TOME EE 

| е island (Wijaya, 2011). 

| 
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Malaysia.—MSC launched an initial public stock offering 
for a listing on the Singapore Stock Exchange in order to raise 
$34 million. MSC earmarked the bulk of expected proceeds to 
develop new tin mines in Indonesia and Malaysia. MSC and 
its 75%-owned Indonesian subsidiary (PT Koba Tin) produced 
45,400 t of refined tin in 2010, an increase of 3.576 from that in 
2009 (ITRI Ltd., 2011c). 

Morocco.—Kasbah Resources Ltd. (South Perth, Western 
Australia, Australia) announced it had signed an agreement 
with the Moroccan Government to assign 100% of two mining 
permits for the Achmmach Tin Project to Kasbah’s wholly 
owned Moroccan subsidiary. The Achmmach project was 
expected to start up in 2013, with a planned annual capacity of 
about 5,600 t/yr of tin-in-concentrate (Kasbah Resources Ltd., 
2011). 

Peru.—Based on current reserve estimates, the remaining 
life of Minsur SA’s (Lima) San Rafael Mine in Puno Province 
may be only 6 or 7 years, although an exploration program may 
extend the time. Tin mine output reached a peak of slightly 
more than 42,000 t in 2005 and production has been declining 
slowly since then. Beginning in 2013, depletion of the mine 
reserves may be partially offset by the retreatment of tailings, 
which contain more than 100,000 t of tin at an average grade 
of more than 1%. Production from the tailings could be about 
7,000 to 8,000 t/yr. Following large-scale pilot-plant trials, 
the company was confident that there would be no technical 
problems in treating this material and obtaining satisfactory 
recoveries. Meanwhile, high production capacity utilization of 
Minsur’s Funsur tin smelter near Pisco was being maintained by 
increased treatment of slag that had been a byproduct of years 
of smelting. It was possible that Funsur would eventually import 
concentrates and other raw materials from elsewhere in South 
America (CRU Tin Monitor, 2011b). | 

Spain.—In April, Eurotin Inc. (Toronto, Ontario, Canada) 
acquired Stannico Resources Inc. (Toronto), and planned to 
develop Stannico’s Oropresa project in southwest Spain. Eurotin 
determined that it has drilled a sufficient number of holes to 
define the surface extent of the tin mineralization and that the 

results obtained during the past year justified commencing a | 
drill program to define the resource. In the short term, Eurotin s 
focus would be on developing the top 200 to 250 meters of 
the Oropesa deposit to resource status by mid-2012. The firm 
also received conditional approval of applications for two new 
investigation permits for nearby targets and planned to start 
exploration drilling at its Santa Maria tin project 40 km north 
of Caceres in central Spain. The company announced that it 
intended to seek the source of the tin once contained in the 
estimated 2 to 3 billion metric tons of colluvials eroded away 
during the past 10 to 15 million years. It was thought that these 
colluvials were reconcentrated and redeposited as higher-grade 
alluvial deposits in the northern sector of the Santa Maria pits 


(Eurotin Inc., 2011). 


Outlook . 


Worldwide demand for primary tin was expected to increase 
at moderate annual rates. The rate of increase, however, could 
increase in a few years if new applications continue to find 
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acceptance in the marketplace, especially in the electronics 
(solder) field. Higher tin prices that have prevailed in recent 
years, however, discourage use in new applications. 


World tin reserves appeared to be adequate to meet forseeable 


demand. Secondary sources of tin were likely to become an 
even more important component of supply, especially in the 
United States. Domestic tin requirements were expected to 
continue to be met primarily through imports. 


ITRI estimated that global tin demand in 2015 would be about 


400,000 t/yr. World refined tin usage increased to an alltime 
high of more than 370,000 t in 2007, powered mainly by the 
rapid industrialization of China, a global boom in consumer 


electronics, and a rapid transition to the use of lead-free solders. 


During the next decade, technological changes likely would 
affect tin consumption in its main applications of electronics, 
solder, and tinplate. Miniaturization, new assembly 
technologies, and lower coating weights could reduce 
consumption. Offsetting this were prospects for new 
applications in tin chemicals, energy-related technologies such 
as lithium-ion batteries, and steel alloys. ITRI expected that 
these changes would increase world tin consumption by 

15,000 t/yr from a 2010 base level during the next 5 to 10 years 
(ITRI Ltd., 2011e). 
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TABLE 1 


SALIENT TIN STATISTICS! 
2007 2008 2009 2010 2011 
United States: 
Production, secondary, tin recovered from old alloy scrap’ metric tons 12,200 11,700 11,100 11,100 * 11,000 
Exports, refined tin do. 6,410 9,800 3,170 5,630 5,450 
Imports for consumption, refined tin do. 34,600 36,300 33,000 35,300 34,200 
Consumption, contained tin: 
Primary do. 23,800 * 23,100 24,800 25,300 25,200 
Secondary do. 7,490 6,250 7,750 4,820 1,830 
Stocks, yearend, U.S. industry, contained tin do. 9,100 8,560 7,070 6,410 5,780 
Prices, average, contained tin: 
New York, NY, market cents per pound 679.50 864.53 641.62 954.13 1,215.90 
Platts Metals Week composite do. 899.48 1,128.97 837.08 1,239.64 1,574.67 
London, United Kingdom do. 659.05 836.76 615.15 925.15 1,184.05 
Kuala Lumpur, Malaysia do. 658.42 837.70 609.34 922.17 1,187.54 
World, production, contained tin: 
Mine metric tons 301,000 ' 257,000 252,000 ' 247,000 ' 244,000 * 
Smelter: 
Primary do. 178,000 ' 176,000 * 178,000 " 170,000 ' 166,000 * 
Secondary do. 18,500 17,900 17,200 17,200 ' 17,200 * 
Undifferentiated do. 149,000 ' 140,000 ' 140,000 ' 150,000 ' 156,000 * 
*Estimated. 'Revised. do. Ditto. 
! Data are rounded to no more than three significant digits, except prices. 
TABLE 2 
U.S. CONSUMPTION OF PRIMARY AND SECONDARY TIN' 
(Metric tons, contained tin) 
2010 2011 
Stocks, January 1? 6,210 5,360 
Net receipts during year: 
Primary 25,100 25,200 
Secondary 2,910 1,370 
Scrap 1,920 916 
Total receipts 29,900 27,500 
Total available 36,100 32,900 
Tin consumed in manufactured products: 
Primary 25,300 25,200 
Secondary 4,820 1,830 
Total 30,100 27,000 
Intercompany transactions in scrap 1 462 
Total processed 30,100 27,500 
Stocks, December 31 (total available less total processed) _6,000_5,590 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes tin in transit in the United States. 
A À 
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TABLE 3 
U.S. CONSUMPTION ОЕ TIN, BY FINISHED PRODUCT! 


(Metric tons, contained tin) 


2010 2011 

Product Primary Secondary Total Primary Secondary _ Тога] 

Alloys, miscellaneous” 2,460 W 2,460 2,700 W 2,00 
Babbitt 288 W 288 281 34 315 
Bar tin W W W W W W 
Bronze and brass 1,230 1,240 2,460 2,600 1,210 3,810 
Chemicals 9,470 W 9470 9.990 W 9,990 
Solder 3,880 3,460 7,340 2.180 463 2,640 
Tinning 387 ЊЕ 387 552 -- 552 
Tinplate? 6,920 W 6920 6,230 W 6230 
Other* 684 127 811 632 125 751 
Total 25,300 4,820 30,100 25,200 1,830 27,000 


W Withheld to avoid disclosing company proprietary data; included with “Other.” -- Zero. 
"Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes terne metal. 
?Includes secondary pig tin and tin acquired in chemicals. 
^Includes britannia metal, collapsible tubes and foil, jewelers' metal, pewter, tin powder, type metal, 


and white metal. 


TABLE 4 
U.S. INDUSTRY YEAREND TIN STOCKS! 


(Metric tons) 
2010 2011 
Plant raw materials: 
Pig tin: 
Virgin? 4,880 5.060 
Secondary 164 130 
In process? 857 107 
Total 5,900 5,290 
Additional pig tin: 
Jobbers-importers 319 299 
Afloat to United States 190 193 
Total 509 492 
Grand total 6,410 5,780 


'Data are rounded to no more than three significant digits; 
may not add to totals shown. 

"Includes tin in transit in the United States. 

?Data represent scrap only, tin content. 
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TABLE 5 
U.S. STOCKS, RECEIPTS, AND CONSUMPTION OF NEW AND OLD SCRAP AND TIN RECOVERED, BY TYPE OF SCRAP! 


(Metric tons) 


Gross weight of scrap 


Stocks, Consumption "Tue Stocks, Tin recovered? 
Type of scrap January 1 Receipts New Old Total December 31 New Old Total 
2010: 
Copper-base scrap: 
Ingot makers 3,640 66,1005 12,500 52,400 ' 64,900 ' 4,840 ' 433 2,340" 2,780° 
Brass mills” -- W W W Ww - 1,400 W 1,400 
Foundries and other plants 1,940 17,500 15,300 2,690 18,000 1,500 " W 98 98 
Total XX XX XX XX XX XX 1,830 2,440 ' 4,270" 
Lead-base scrap 11,700 1,130,000 32,600 1,090,000 1,120,000 19,000 855 8,640 9,500 
Tin-base scrap? W W W W W W W W W 
Grand total XX XX XX XX XX XX 2,680 11,100" 13,800‘ 
2011: 
Copper-base scrap: 
Ingot makers 4,840 63,800 12,300 51,600 64,000 4,700 428 2,340 2,760 
Brass mills" -- W W W W W 1,340 W — 1340 
Foundries and other plants 1,500 17,400 14,900 2,630 17,500 1,410 Bü qu Xo 
Total XX XX XX XX XX XX 1,770 2,30 4,200 
Lead-base scrap 19,000 1,120,000 29,000 1,070,000 1,100,000 40,100 761 8,590 9,350 
Tin-base scrap” W W W W W W W W W 
Grand total XX XX XX XX XX XX 2,530 11,000 13,600 
Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data. XX Not applicable. -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
^Consumption is assumed to be equal to receipts. 
*Includes tinplate and other scrap recovered at detinning plants. 
TABLE 6 
U.S. EXPORTS OF TIN IN VARIOUS FORMS' 
ЕН U IRA. | ас 
Quantity Value Quantity Value 
n —— am ie (metric tons) (thousands) (metric tons) (thousands) 
Tin scrap and other tin-bearing material except 
_tinplate scrap (gross weight? — 15600 70300 21900 SET 
Tinplate and temeplate (gross weight —  — 209000 171,000 — 216000 — 183,000 
Раја are rounded to no more than three significant digits. 
Includes rods, profiles, flakes, tubes, and pipes. 
Source: U.S. Census Bureau. 
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TABLE 7 
U.S. IMPORTS FOR CONSUMPTION OF TIN IN VARIOUS FORMS! 
2010 2011 
Quantity Quantity 

(metric tons, Value (metric tons, 

gross weight) (thousands) gross weight) 
Dross, skimmings, scrap residues, tin alloys, n.s.p.£? 58,000 $30,700 58,600 $39,400 
Miscellaneous? XX 53,200 XX 
Tin compounds 753 13,300 769 
Tinplate and terneplate 464,000 500,000 367,000 
Tinplate scrap 68,000 14,300 97,100 
XX Not applicable. 


"Data are rounded to no more than three significant digits. 


^Not specifically provided for. 


*Includes tinfoil, tin powder, flitters, metallics, and other manufactures n.s.p.f. 


Source: U.S. Census Bureau. 


2011 
Quantity 


(metric tons) 
261 

5,680 

676 

35 

60 


2,310 

18 
121 
34,200 


Value 

(thousands) 
$7,100 
153,000 
16,400 

891 

231 

41,400 


89,000 
105,000 
368,000 

17,200 

6 
55,600 
423 
2,680 
857,000 


TABLE 8 
U.S. IMPORTS FOR CONSUMPTION OF UNWROUGHT TIN METAL, 
BY COUNTRY' 
2010 
Quantity Value 
Country (metric tons) (thousands) 
Belgium 11 $241 
Bolivia 6,060 120,000 
Brazil 75 1,260 
Canada 89 1,630 
Chile 641 13,100 
China 887 17,900 
India (2) 5 
Indonesia 3,970 37,900 
Japan 1 32 
Malaysia 4,500 90,100 
Peru 16,500 322,000 
Singapore 996 18,100 
Switzerland ] 11 
Thailand 1,310 30,900 
United Kingdom (2) 11 
Vietnam 225 4,020 
Other (2) 5 
Total 35,300 658,000 
-- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


?Less than '4 unit. 


Source: U.S. Census Bureau. 
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Country 
Australia 
Bolivia 
Brazil 
Burma* 

Burundi 
China* 


Congo (Kinshasa) 


Indonesia 
Laos 
Malaysia 
Mexico 
Niger" 
Nigeria^? 
Peru 
Portugal 
Russia" 
Rwanda 
Thailand 
Uganda 
Vietnam* 
Total 


"Estimated. ‘Revised. -- Zero. 
! World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


2ТаЫе includes data available through June 8, 2012. 


Reported figure. 


2007 
2,071 
15,972 
11,835 
830 
2 
146,000 
7,600 " 
66,137 
570 
2,263 
25 
11 


180 

39,019 

41 

2,500 
650 ' 

122 

2 

5,400 
301,000 ' 


“Includes content of tin-tungsten concentrate. 
$ ы . e 
Concentrate gross weight reported, estimated 62% tin content. 


TABLE 9 
TIN: WORLD MINE PRODUCTION, BY COUNTRY"? 


(Metric tons) 


2008 
1,783 
17,318 
13,899 " 
741 
40° 
110,000 
9,900 ' 
53,228 
690 
2,605 
15 
10 
185 
39,037 
29 
1,500 
850 " 
215 
2 
5,400 
257,000 


2009 
5,630 
19,575 
9,500 " 
672 
8 r 
115,000 
7,800 ' 
46,078 “ 
350 
2,412 


183 
37,503 
30 ° 
_ 1,200 
960 ' 
166 ' 
2 е 
5,400 
252,000 ' 


2010 
6,600 " 

20,190 
10,400 ' 

672 
12° 
115,000 * 
6,800 ' 
43,258 ' 
550" 
2,668 ' 


12 
180 * 

33,848 
30 * 
160° 
1,400 ' 
291" 
2 е 

5,400 
247,000 " 


2011“ 
6,500 
20,373 ? 
11,000 
675 

12 
120,000 
2,900 
42,000 
550 
3,346 ? 


77.9 


77.10 


Country 
Australia: 
Primary 
Зесопдагу“ 
Total® 
Belgium, зесопдагу“ 
Bolivia, primary 
Brazil: 
Primary 
Secondary 
Total 
Bulgaria, secondary" 
Burma, primary“ 
China, undifferentiated? 
Denmark, secondary 
Greece, secondary 
Indonesia, primary 
Japan, primary 
Malaysia, primary 
Mexico, primary 
Norway, secondary 
Peru, primary 
Russia; 
Primary 
Secondary 
Total 
Spain, secondary 
Thailand, primary 
United States, secondary 
Vietnam, primary 
Grand total 
Of which: 
Primary 
Secondary 
Undifferentiated* 
"Estimated. PPreliminary. ‘Revised. -- Zero. 


"World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to total ы 
*Whenever possible, total output has been separated into primary (from ores and concentrates) and secondary (tin metal rec 


TABLE 10 
TIN: WORLD SMELTER PRODUCTION, BY COUNTRY”? 


(Metric tons) 
2007 2008 2009 2010 2011" 
118 170 7,637 3,000 3,000 
400 400 400 400 400 
518 570 8,037 3,400 3,400 
5,000 5,000 5,000 5,000 5,000 
12,251 12,666 ' 14,995 ' 14,975 ' 14,518 
9,384 11,020 ' 8,311 ' 9,098 ' 9,100 
250 250 250 250 250 
9,634 11,270 ' 8,561 ' 9,348 ' 9,350 
10 10 10 10 10 
30 30 30 30 3 
149,000 140,000 140,000 150,000 156,000 
100 75 75 75 4 
100 15 75 60 50 
64,127 53,417 ' 51,418" 43,832 ' 43,000 
879 956 ' 757 841 ' P, 
25,263 31,630 ' 36,407 ' 38,737 ' son 
25 15 15 -- б 
50 50 50 50 Ж: 
36,004 38,865 ' 34,503" 36,451 ' ЗШ 
3,800 2,000 1,700 100 ' a 
400 300 300 300 im 
4,200 2.300 2.000 400 я 
10 10 10 * $ 20,000 
23,104 * 21,860 ' 19,423 ' 20,000 11000? 
12,200 11,700 11,100 11,100" Y 
3,369 3,583 2,747 ' 3,042 ' =I] 
346,000 334,000 ' 335,000 ' 337,000 | 
i 000 
178,000 ' 176,000 ' 178,000 ' 170,000 | a 
18,500 17,900 17,200 17,200 | 156,000 
149,000 ' 140,000 ' 140,000 ' 150,000 


scrap). This table reflects metal production at the first measurable stage of metal output. Table includes data avai 


Reported figure. 
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TITANIUM 


By George M. Bedinger 


___ђ Domestic survey data and tables were prepared by Elsie D. Isaac, statistical assistant, and the world production table was 


epared by Lisa D. Miller, international data coordinator. 


4 
а Ihe United States was 77% import dependent for titanium 
а тега! concentrates and 64% for titanium sponge, and 
." mtinued to be a net exporter of titanium dioxide (TiO,) 
—  gment and wrought titanium metal products. Domestic 
is -oduction of TiO, pigment decreased by 2% compared with 
5 at of 2010. U.S. consumption of titanium used in steel and 
“з cher alloys increased by 6% from that in 2010 (table 7). 
* creased demand for titanium metal from the commercial 
+ aerospace industry resulted in increased domestic production of 
31 tanium ingot and mill products. 
` U.S. production of titanium mineral concentrates in 2011 was 
* nchanged from that of 2010. The leading sources of imports of 
& itanium mineral concentrates were South Africa, Australia, and 
* Janada (table 14). Pigment production capacity in the United 
Ў. tates increased by 3% to a total of 1.52 million metric tons per 
| rear (МИ уг) (table 4). World production of titanium mineral 
... Joncentrates in 2011 was 7.21 million metric tons (Mt), a 3% 
— ncrease from that in 2010. The leading producers of titanium 
i nineral concentrates were, in descending order of production, 
ED Australia, China, Vietnam, Mozambique, and Norway. 


" Legislation and Government Programs 


i The Defense Advanced Research Projects Agency (DARPA) 

^ continued to fund work on developing high-volume and 

7 low-cost techniques to enable widespread use of titanium and 

.. titanium alloys. In fiscal year (FY) 2011, the DARPA program 

i’ 'demonstrated a meltless titanium consolidation, and in FY 2012, 

i | DARPA planned to demonstrate that meltless titanium alloys 

г ^ exhibited properties equivalent to the same conventionally 
processed alloys (Defense Advanced Research Projects Agency, 

P 2012, p. 168, 169). 

у ; In June 2011, ADMA Products, Inc. received funds from the 

° 2010 Defense Appropriations Act to increase production of 
hydrogenated titanium powder. During the first half of 2012, а 
laboratory scale unit capable of producing 5 kilograms per day 
(kg/d) was constructed. A pilot scale unit with a capacity of 300 
kg/d was expected to be built by yearend 2012 (Duz and others, 
2012, p. 16). 

Title Ш of the Defense Production Act is a program 
specifically designed to establish, expand, maintain, or 
modernize industrial capabilities required for national defense. 
In 2011, there were three programs funded under Title III to 
improve the supply of titanium metal. International Titanium 
Powder (ITP) of Woodridge, IL (a subsidiary of Cristal Global) 
was working to reduce titanium component costs by producing 
low-cost metallic titanium powder by sodium reduction via the 
Armstrong process. ITP was expected to begin production in 
late 2012 or early 2013 with a capacity of 1,800 metric tons 


per year (t/yr) of titanium powder (Defense P i 
Committee, undated a). ү Mii 
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A second Title III effort was aimed at reducing cost and 
shortening delivery lead times for nonaerospace titanium used 
in armor and structures. Gautier Specialty Metals, LLC of 
Johnstown, PA, installed rolling and finishing equipment and 
became a new source of titanium for land-based requirements 
for the Department of Defense (Defense Production Act 
Committee, undated b). 

The third Title III program was the expansion of domestic 
capacity to produce continuously reinforced titanium metal 
matrix composites (TMCs) and discontinuously reinforced 
titanium powder (ETi) components while reducing production 
costs. FMW Composites Systems of Bridgeport, WV, | 
constructed equipment (о expand TMC production capacity 
from 0.9 to 3.2 t/yr and installed an ETi powder metal 
production line. Increased stiffness, improved failure modes, 
and corrosion resistance made TMCs ideal for implementation 
in aircraft landing gear, engine thrust links, and other tubular 
aircraft components and rods for space-based structural 
and support applications. ETi powder offers multiaxial 
strength improvement and can be consolidated into an array 
of intermediate forms or into near-net shape parts (Defense 
Production Act Committee, undated c). 

In May, the National Institute for Occupational Safety 
and Health (NIOSH) of the Centers for Disease Control 
and Prevention released Current Intelligence Bulletin 63— 
Occupational Exposure to Titanium Dioxide, a guidance 
document on handling TiO, powders in the workplace. The 
NIOSH recommended airborne exposure limits for TiO, of fine 
particle sizes [20.1 micrometers (um)] of 2.4 milligrams/cubic 
meter (mg/m?) and ultrafine sizes («0.1 um) of 0.3 mg/m д 
The NIOSH also determined that ultrafine ПО, 1s a potential 
occupational carcinogen, but there was insufficient data to 
classify fine TiO, as an occupational carcinogen (Centers for 
Disease Control and Prevention, 2011, p. iii, iv). 


Production 


Titanium industry data for this report were collected by the 
U.S. Geological Survey (USGS) from annual and quarterly 
surveys of domestic titanium operations. In 201 l, the USGS 
annual survey canvassed titanium mineral and pigment 
producers. The two producers of titanium mineral concentrates 
responded. Of the six active domestic T iO, pigment operations, 
four responded. Production from the operations that did not 
respond were estimated on the basis of prior year production | 
levels and industry trends. Production of titanium ingot and mill 
products was aggregated from a quarterly survey of producers. 

Mineral Concentrates.—Titanium mineral concentrates 
of economic importance include ilmenite, leucoxene, rutile, 
synthetic rutile, and titaniferous slag. Mining of titantum 
minerals is usually performed using surface methods. Dredging 
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and dry mining techniques are used for the recovery of heavy 
minerals. Gravity spirals are used to separate the heavy-mineral 
suite, while magnetic and high-tension separation circuits are 
used to separate the heavy-mineral constituents. Ilmenite is 

often processed to produce a synthetic rutile or titaniferous 

slag. Although numerous technologies are used to produce 
synthetic rutile, nearly all are based on either selective leaching 
or thermal reduction of iron and other impurities in ilmenite. 
Titaniferous slag with a TiO, content of 75% to 95% is produced 
commercially using pyrometallurgical processes. 

U.S. mineral concentrate producers were DuPont Titanium 
Technologies [a subsidiary of E.I. du Pont de Nemours and 
Co. (DuPont)] and Iluka Resources, Inc. (a subsidiary of Iluka 
Resources Ltd.). DuPont’s mining operations near Starke, FL, 
produced a mixed product containing ilmenite, leucoxene, and 
rutile that was used as a feedstock in DuPont’s TiO, pigment 
plants. In 2011, Iluka produced titanium mineral concentrates 
from its heavy-mineral operations near Stony Creek, VA. 

A drilling program was underway at Cardero Resource 
Corp.’s Titac and Longnose deposits near Duluth, MN. 
Longnose and Titac are oxide-bearing ultramafic intrusions that 
contain disseminated, semimassive, and massive titanium-iron 
oxide mineralization. Drilling programs that began in 2010 and 
completed in 2011 resulted in indicated resource estimates for 
the Longnose and Titac deposits of 65.3 Mt at 16.4% titanium 
dioxide and 45.1 Mt at 15.0% titanium dioxide, respectively. 
These resources did not have a demonstrated economic value 
(Cardero Resource Corp., 2012). 

Metal.—Commercial production of titanium metal involves 
the chlorination of titanium-containing mineral concentrates to 
produce titanium tetrachloride (TiC1,), which is then reduced 
with magnesium (Kroll process) or sodium (Hunter process) 
to produce a commercially pure form of titanium metal. As the 
metal is formed, it has a porous appearance and is referred to 
as sponge. Titanium ingot and slab are produced by melting 
titanium sponge or scrap or a combination of both, usually 
with various other alloying elements such as aluminum and 
vanadium. Electron beam (EB), plasma arc melt (PAM), scull, 
and vacuum-arc remelting (VAR) are the commercial methods 
used to produce ingot and slab. Titanium mill products are 
produced from the drawing, forging, and rolling of titanium 
into products of various sizes and shapes. These mill products 
include billet, pipe and tube, plate, rod and bar, sheet, strip, and 
wire. Titanium castings are produced by investment casting 
and rammed graphite mold casting. Ferrotitanium is usually 
produced by induction melting of titanium scrap with iron 
or steel, but may be produced through the aluminothermic 
reduction of ilmenite. The two standard grades of ferrotitanium 
that are normally produced contain 40% and 70% titanium. 
Domestic ferrotitanium capacity was estimated to be 17,300 t/yr. 

In 2011, U.S. producers of titanium sponge were Allegheny 
Technologies Inc. (ATT), Honeywell Electronic Materials Inc., 
and Titanium Metals Corp. (Timet) (table 2). АТГѕ Rowley, 

UT, plant and Timet's Henderson, NV, plant produced titanium 
sponge using the Kroll process. Honeywell Electronic Materials' 
plant in Salt Lake City, UT, produced titanium sponge using 

the Hunter process that was used in the company's production 
of electronic-grade titanium. Data on domestic production of 
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м 
ай" 


Dh. EM 


titanium sponge were withheld to avoid disclosing compay | 
proprietary data. Owing to increased demand from the 
commercial aerospace industry, U.S. production of titanu 
ingot and mill products increased in 2011 by 7% and llh | 
respectively (table 3). U.S. producers of ferrotitanium кеј 
International Metals Inc. (Canton, OH) (7,250 tyr сар, 
Global Titanium Inc. (Detroit, MI) («10,000 (уг capacity Da 
on production of ferrotitanium were not available. 

RTI International Metals Inc. constructed a new (алш | 
forging and rolling facility in Martinsville, VA, to fulfil nil 
product supply agreements for the Joint Strike Fighter and 
the Airbus family of commercial aircraft. The facility begat 
operations in December and had a capacity of 4,800 yr di 
forged titanium products (RTI International Metals Inc. 2012 | 
p. 17, 30). 

TiO, Pigment.—TiO, pigment is produc " 
mineral concentrates by either the chloride process ог the ч 
process. In the chloride process, rutile is converted to ША! 
chlorination in the presence of petroleum coke. Та, IS » 
with air or oxygen at about 1,000? C, and the resulting TU, 
is calcined to remove residual chlorine and any cM 
acid that may have formed in the reaction. Aluminum m | 
is added to the ТІСІ, to assure that virtually all the Шаш Ў 
oxidized into the rutile crystal structure. In the sulfate 
ilmenite or titanium slag is reacted with sulfuric Mon | 
hydroxide is then precipitated by hydrolysis, filtere i 
calcined. Although either process may be used gu d 
pigment, the decision of which process to sabes ri 
numerous factors, including raw material availa He p 
and waste disposal costs. In finishing bere aim 
of the pigment is milled to produce a controle ie 
of particle size and surface treated or coated to 1 T 
functional behavior in different media. Some typ «sii. 
treatments include alumina, organ! 
pigment produced by either process 
form as either anatase or rutile. Rutile 
with the binders in paint when expose® © 
anatase pigment and 15 preferred for use 2 ' 
Anatase pigment has a bluer tone c ae xu 
and is used mainly in indoor E SE produce Jand 
Depending on the manner 1n whic i ар вна wide Шр 
subsequently finished, ПО, pigment c ton, durability opacity 
functional properties, including dispersiO™, 
and tinting. 

U.S. production of TiO 
decrease compared with t 
of TiO, pigment by the ch 
DuPont, Louisiana Pigment 
Industries, Inc. and Huntsm 
TOR Minerals International, Inc. pro 
from finely ground synthetic rutile. 


ed from titanium 


Corp.), and Tron 
jani duced a buff 


C uire | 


it 

In September, Tronox announced и "rations in outh за 
Exxaro Resources Ltd. mineral sand OP o of Tronox T 
and Western Australia in exchange i tere пиће ү, 
The acquisition included Еххапо > 5 Я vit Tronox long У 
Joint Venture which was jointly s 
74% of Exxaro's KwaZulu-Nata 
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cxi ка тпакача sands operations in South Africa. This procurement 


“it Ex acreased Tronox's global TiO, pigment capacity to 465,000 t/yr. 


* i: вопох had pigment producing operations in Hamilton, MS; 
327 t7 оЧек, Netherlands; and Kwinana, Australia. The acquisition 
«ìi rus tas completed by midyear 2012 (Tronox Inc., 2011, 2012). 
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22107 Mineral Concentrates.—On а gross weight basis, 93% of 
Де domestic consumption of titanium mineral concentrates was 
21 ед to produce TiO, pigment. The remaining 7% was used 
731273, produce metal and miscellaneous other products, including 
772:-'uxes, and welding rod coatings. Based on TiO, content, 
па 2Лотевис consumption of titanium mineral concentrates was 
7221.50 Mt, a slight decrease compared with that of 2010 (table 6). 
Zonsumption data for titanium concentrates were estimated 
ге Љу the USGS owing to insufficient response by industry to the 
> &zoyoluntary survey for consumption data. 
uz Metal.—Titanium metal alloys are used for their high 
, "x zbtrength-to-weight ratio and corrosion resistance. In general, 
' i: shroduction of titanium mill products precede aircraft deliveries 
12:55by about 1 year. In 2011, mill product shipments increased 
„ „фу 19% owing to increased aircraft build rates and growth in 
. - inventory levels throughout the titanium products supply chain 
Lc 4(table 3). The aerospace industry (67%) was the leading end 
„juse for mill products. Other uses included consumer goods, and 
;.:-3the marine, medical, oil and gas, pulp and paper, and specialty 
>. chemical industries. 
vad A significant quantity of titanium in the form of ferrotitanium, 
e: „з scrap, and sponge is consumed in the steel and nonferrous 
2 alloy industries. In the steel industry, titanium is used for 
o deoxidation, grain-size control, and controlling and stabilizing 
"gi carbon and nitrogen content. Titanium-intensive steels include 
"а interstitialfree, stainless, and high-strength low-alloy steels. 
E ‚ Reported domestic consumption of titanium products in steel 
p and other alloys was 12,400 t, a 6% increase compared with 
УФ that of 2010 (table 7). Increased demand from the specialty steel 
M. pecialty stee 
^, industry resulted in an increase in ferrotitanium consumption. 
i 4, ПО, Pigment.—Domestic production of TiO, pigment 
^" decreased by 2% while apparent domestic consumption 
(excluding changes in inventory) decreased by 8% from that of 
ой 2010 (table 5). The leading uses of TiO, pigment, based on TiO, 
* , pigment shipments in the United States, were paint and coatings 
з (58.5%), plastics and rubber (27.9%), and paper (8.6%). Other 
$5" uses (5.0%) included catalysts, ceramics, coated fabrics and 


textiles, floor coverings, printing ink, and roofing granules 
(table 8). 


| it? Stocks 


j^ Insufficient data were available to determine yearend 

if consumer inventories of titanium mineral concentrates and TiO 
pigment producer stocks. Yearend domestic stocks of sponge | 

f remained almost constant with yearend levels of 2010. Owing 

„ tO a continued increase in aerospace consumption, titanium 

/ metal producers anticipated a continued increase in aerospace 


| consumption and increased domestic st j i 
.— 2011 (table 3). Stocks of ingot by 32% in 
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Prices 


Yearend titanium mineral concentrate prices are listed in 
table 9. Owing to increased global demand from TiO, pigment 
producers, prices for bulk ilmenite and rutile concentrates were 
considerably higher compared with prices in 2010. Published 
prices for titanium slag were not available. Based on U.S. 
Customs Service data, the value of slag imports in December 
2011, ranged from $468 to $494 per metric ton compared 
with $367 to $433 per ton in December 2010, owing to rising 
feedstock prices. The U.S. Department of Labor, Bureau of 
Labor Statistics, December 2011 producer price index (PPI) for 
TiO, pigment increased to 268, a 38% increase compared with 
that of December 2010 (U.S. Department of Labor, Bureau of 
Labor Statistics, 2012). 

Prices of titanium mill products remained constant in 2011. In 
December, the monthly PPI for titanium mill products was 203. 
Sponge and ingot prices were generally unchanged owing to 
long-term contracts (U.S. Department of Labor, Bureau of Labor 
Statistics, 2012). 


Foreign Trade 


Mineral Concentrates.—Imports of titanium mineral 
concentrates include ilmenite, rutile, synthetic rutile, and 
titaniferous slag. The United States was heavily reliant on 
imports of titanium mineral concentrates because domestic 
consumption of titanium minerals greatly exceeded domestic 
production and capacity. In 2011, the TiO, content of imports 
was estimated to be 1.03 Mt, primarily in the form of 
titaniferous slag (42%), rutile (35%), and ilmenite (23%). South 
Africa, Australia, Canada, and Mozambique were, in descending 
order of TiO, quantity, the leading import sources. T he 
combined value for all forms of titanium concentrate imports 
in 2011 was $520 million (table 11). Imports of titaniferous 
iron ore from Canada (classified as ilmenite by the 0.5. 

Census Bureau), which had totaled 83,000 t in 2010, virtually 
disappeared in 2011. Exports of titanium concentrates were 
minor relative to imports (tables 10—11). 

Metal.—Total imports of titanium metal increased by 37% 
from those in 2010. Imports of titanium metal were primarily 
in the form of sponge (61%), waste and scrap (25%), and 
wrought products and castings (12%). J apan, Kazakhstan, and 
China were the leading sources of imported titanium sponge, 
while the United Kingdom, Japan, Germany, and France were, 
in descending order, the leading sources of imported scrap. 
Germany and Russia supplied 99% of the imported titanium 
ingot, and China was the major source of titanium powder. 
Imports of other unwrought forms of titanium more than 
doubled compared with those of 2010, yet still constituted 
less than 296 of titanium metal imports. Imports of titanium 
wrought products and castings were primarily in the form of 
plate, sheet, strip, and foil (4376); bar, rod, profiles, and wire 
(25%); and billets (13%). Russia was the leading source of 
wrought products and castings. Imports of wrought products and 
castings decreased by 22% to 6,820 t. Imports of ferrotitanium 
were 2,070 t, a 2496 decrease compared with those of 2010. The 
leading import sources were, in descending order, the United 
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Kingdom, Canada, and Russia. Exports of ferrotitanium were 
3,210 t, a 25% increase compared with those of 2010. 
TiO, Pigment.—In 2011, the United States continued to be a 


net exporter of TiO, pigment, with exports exceeding imports by 
а ratio of 3.9 to 1. Exports of TiO, pigment were 789,000 t, a 4% 


increase compared with those of 2010. During 2011, 200,000 t 
of TiO, pigment was imported, a 2% decrease compared with 
those of 2010. About 94% of TiO, pigment exports was in the 
form of finished pigment with 80% or more TiO, content. The 
leading import sources of TiO, pigment were Canada (44%) 
and China (18%). Seventy percent of pigment imports was in 
the form of finished pigment with more than 80% TiO, content 
(table 13). 


World Review 


An increase in global production of heavy minerals in 2011, 
accompanied by rising prices for titanium mineral concentrates, 
encouraged vertical integration within the mineral and pigment 
industries. Global consumption of resources for heavy-mineral 
production continued, particularly in sub-Saharan Africa. 
Demand of titanium metal from the commercial aerospace and 
industrial markets resulted in increased consumption and caused 
metal producers to increase titanium sponge and mill capacity. 
World production of titanium mineral concentrates in 2011 was 
7.21 Mt, a 396 increase from that in 2010. Significant production 
increases in Australia (1496) and China (1096) were partially 
offset by production declines in Mozambique (696) and Norway 
(10%). 

Australia.—In July, Iluka Resources Ltd. announced its 
intention to recommence operations at Eneabba in the Perth 
Basin after mining operations had ceased in June 2010 owing 
to declining grades and lower prices. Mining was expected 
to begin in early 2012 (Iluka Resources Ltd., 2011a). Owing 
to increased titanium dioxide prices in 2011, Iluka increased 
its production of rutile in Australia to 282,000 t in 2011 
from 250,000 t in 2010. The company’s Australian ilmenite 
production decreased to 172,000 t from 250,000 in 2010. 

Production of synthetic rutile decreased by 18% to 286,000 t, 
owing to a 3-month maintenance outage and test work of a new 
synthetic rutile product from one of its four synthetic rutile kilns 
in Western Australia (Iluka Resources Ltd., 2011b, 
р. 3-4, 16—18). 
Canada.—In March, Titanium Corp. decommissioned 
its 18-month demonstration pilot program at the Canadian 
Government’s CanmetENERGY facilities. The program 
demonstrated technologies designed to recover heavy minerals, 
bitumen, and solvents; to treat and recover process water; and to 
reduce the environmental impacts associated with froth tailings 
streams. After decommissioning the pilot program, Titanium 
Corp. was negotiating with oil sands operators to commercialize 
the process (Titanium Corp., 2011, p. 3). 
Argex Mining announced that following the completion of 
testing at its La Blache Property, it planned to expand the size 
of its titanium dioxide pilot plant to 10 metric tons per day (t/d) 
(Argex Mining Inc., 2011). 

Rio Tinto, Fer et Titane (RTFT) planned to invest C$800 
million during 5 years to expand its operations in Quebec. The 
expansion would extend the life of its Lac Tio ilmenite plant to 
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2050 and upgrade the Sorel-Tracy processing раша (ии рг 
(Rio Tinto Fer et Titane, 2011). ex 

China.—Continued demand from the global ап С 
boosted China's titanium metal and mill output in 2011 bem 
levels. In 2011, exports of sponge and mill products н р 
t and 11,000 t, respectively. The 14 leading manufacturas p 
produced 65,000 t of sponge in 2011, an increase of Dim 2\ 
that of 2010, and 51,000 t of titanium mill products, an mash 5 
of 33% from that in 2010 (Metal-Pages, 20112). Titanium ( 
dioxide production in China from 55 producers also rail | 
record levels in 2011 of 1.75 Mt, an increase of 19% from | 
production in 2010 (Metal-Pages, 20116). | 

Chinese imports of titanium mineral concentrates increas 
by 11%, to 2.27 Mt in 2011, and the unit value of imports | 


almost doubled to $242 per metric ton in 2011 (United Natos 
Statistics Division, undated). P a 
France.—In September, Aubert & Duval [a subsidiary 
Eramet Group, and Ust-Kamenogorsk Tisi 
Plant (UKTMP) of Kazakhstan] formally € : 
UKAD titanium mill in Saint Georges de Mons. The a 
was to convert titanium ingot into billets, bars, s рч 
primarily for the aerospace market. Financing for р ) 
was facilitated by the signing of long-term Зак a 
and the European Aeronautic Defence and epe А ЈЕ 
N.V. (EADS) that guarantee $1.2 billion in sales 
(Aubert & Duval, 2011). 
India.—Kerala Minerals & M 
plant, commissioned in February, produce 
sponge during test runs in September (Hin 
The, 2011). | 
Indonesia.—Trimex Lohan 
it had signed a memorandum of un 198 
ће Republic of Indonesia to construct a ге» 
Indonesia in three phases and planned to he > 
to $850 million. The first phase to develop 
of titanium dioxide pigment was expec : 
December 2013. The second and third p vim 
production of titanium slag and ав к 
project was expected to be complete 
(Trimex Industries Pvt. Ltd., 2011). И 
Japan.—Owing to increased ce 25, | 
industry, exports of titanium sponge export of mill pr 
68% increase from that of 2010. Е па ^s history owing 
in 2011 reached their second-highes "ats and th стор 
to high demand from desalination р 


TTE m Japan, 20 ^ P | ary 
industry (Roskill's me А н P. construction in Febru 


etals Ltd.'s titanium spong? 
d3tof titanium 
du Business Line, 


announced that 
with 


t $800 million 
duction 


10 years 


he aerospace 
cin 20114 


Toho Titanium Co., amatsu, 
expand its titanium sponge capacity $ d raise 
The project was completed їп January nit (Toho fi 


i 28,8 
overall sponge capacity of Toho 10 


Co., Ltd., 2012). 
OSAKA Titanium tec 
production capacity to 40, 


Titanium Technologies л x > 
Kazakhstan.—1n 0210 OSCO) ail 


Iron and Steel Company d operati on 


el 
Ust-Kamenogorsk ofam | ; 
titanium slab. UKTMP was to supp 
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е" ™ssing by POSCO into titanium sheets. The operation was 

7^7" ctedto begin production in 2012 (Pohang Iron and Steel 

cut Ec YX td., 2010; Universal Newswire, 2011). 

“Ta mailine Ltd. was constructing a heavy-mineral mine and 

an ive tiessing operation at the Obukhovsky deposit in the Akmola 

«^^ t псе. The operation was expected to start production in 

farzı? B and was expected to reach full capacity in 2014 producing 

"И: 722900 t of ilmenite, 12,000 t of rutile, and 50,000 t of zircon 

ҮТ: Ка, 2011). 

-Qat 'чепуа —1п July, Base Resources Ltd. secured $170 million 

' 1 зеуеор the Kwale mine in Kenya and began development in 

Ve; * Ober. Mining was expected to commence in July 2013 and 

го "пр expected to generate 330,000 “уг of ilmenite, 79,000 

у gsi Of rutile, and 30,000 t/yr of zircon during the first 7 years of 

rations (Base Resources Ltd., 2012, р. 5—10). 

| Mexico.—E I. du Pont de Nemours and Co. announced an 

um ¡pansion of its facilities at Altamira, Tamaulipas, Mexico. The 

neu ansion was scheduled for completion by yearend 2014 and 

{5 expected to produce approximately 200,000 t/yr of pigment 

c ~ I. du Pont de Nemours and Co., 2011). 

*:77' Mozambique.—At the Kenmare Resources plc Moma 

113^ eration, an upgrade to the wet concentrator plant was 

2:27 mpleted in September. In 2011, the Moma operation produced 

71:57,6,800 t of ilmenite, a 6% decrease compared with that 

ues 2010, and rutile production was 6,500 t, a 38% increase 

: 12 mpared with that in 2010. The company planned to increase 
Ane capacity by 50% to approximately 1.2 Mt/yr by 2013 

1422 enmare Resources plc, 2012, p. 12-16). 

1:77 In May, Pathfinder Minerals plc released the results of a 

гт ?:oping study on its Moebase and Naburi deposits which 
»ported that the two sites contained an estimated 71.7 Mt of 

^ Гомаіпей heavy minerals. In July, Pathfinder Minerals was 

„awarded a new mining concession license for its Moebase 

«xiAeposit by the National Directorate of Mines (Pathfinder 

zx: Minerals plc, 2011a, р. 41, 20115). 

-yz? Norway.—In July, ERAMET Group established a 50-50 joint 

venture with Mineral Deposits Ltd. (MDL) to jointly develop 


the Grand-Cote mineral sands deposit in Senegal to supply 


zz:ERAMET'S titanium slag plant in Tyssedal, Norway. 

„и Heavy-mineral sand shipments from Senegal were expected 
to begin in late 2013. A feasibility study was underway for 

g second furnace at the Tyssedal plant that could double the 

current capacity of 200,000 t/yr of heavy-mineral sands. In 

| 2011, the plant processed feedstock from the Tellnes Mine in 

ys Norway (ERAMET Group, 2011, p. 18). 

gf Paraguay.—At CIC Resources Ltd.'s Parana deposit in 

| ү! ће Alto Parana and Canindeyu provinces, the company 

ft demonstrated a 5 Ud pilot project to show the feasibility of 

d producing titanium slag and pig iron coproduct. The deposit was 

үй estimated to contain 9.1 billion metric tons at 7.6% titanium 


j^ dioxide and 23.6% iron oxide. Production rates were projected 


to be 500,000 t/yr of titanium slag and a si il i 
| J (Moodley, 2012). : REL. 
ү Russia.—At yearend 201 1,VSMPO-AVISMA Corp. 
| (VSMPO) completed а new production line for titanium sponge, 
j| Taising its capacity to 44,000 t/yr. Production at full capacity 
was to begin in February 2012. In July, УЗМРО acquired GPK 
/ Titan Ltd. and its license for Survey and recovery of mineral 
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sand deposits in the northern part of the Centralnoye deposit in 
the Tambov Region of Russia (VSMPO-AVISMA Corp., 2012, 
p. 14, 135). 

Saudi Arabia. —Cristal Global announced the construction 
of an ilmenite-processing plant in Yanbu. The plant was to 
have two ilmenite smelting furnaces and require 800,000 t/yr 
of ilmenite to produce 500,000 t/yr of 85% titanium slag and 
235,000 t/yr of pig iron as a coproduct. Site preparation was 
to begin in early 2012 and the plant was expected to become 
operational in the fourth quarter 2013 (Cristal Global, 2011). 

Senegal.—In July, ERAMET established а 50-50 joint 
venture with MDL to develop the Grand-Cote mineral sands 
deposit in Senegal, which would supply ERAMET'S titanium 
slag plant in Tyssedal, Norway. Production was to begin in late 
2013 at an average rate of 575,000 t/yr of ilmenite, 85,000 t/yr 
of zircon, 11,000 t/yr of leucoxene, and 6,000 t/yr of rutile 
(Mineral Deposits Ltd., 2011, p. 11). 

Sierra Leone.—In September, Titanium Sierra Rutile Ltd. 
(SRL) announced two projects to increase rutile production by 
up to 60,000 t/yr of rutile and up to 12,000 t/yr of ilmenite. A 
dry mining project was to focus on high-grade pockets of ore 
in the Lanti deposit that the existing dredge was unable to mine 
and was expected to produce an additional 30,000 to 35,000 t/yr 
of rutile and 6,000 to 9,000 t/yr of ilmenite by 2013. The | 
tailings project dredge mined Mogbwemo mine tailings that still 
contained high grades of rutile (22 Mt at 1.13% rutile) and was 
expected to produce an additional 20,000 t/yr of rutile and 3,000 
t/yr of ilmenite in 2014 (Sierra Rutile Ltd., 2011, p. 6-7). In | 
2011, production of rutile was 67,916 t and 15,946 t of ilmenite 
(Sierra Rutile Ltd., 2012, p. 1). | 

South Africa.—In September, Tronox Inc. announced its 
intention to acquire Exxaro’s 74% interest in the KZN and 
Namakwa mining operations (Tronox Inc., 2011). Owing to 
the projected end of production in 2012 at the KZN Hillendale 
Mine, production of ilmenite in 2011 was 168,000t,a — 
decrease of 40% from that of 2010, and production of rutile 
was unchanged at 17,000 t. The Fairbreeze Mine at the KZN 
operation was to replace the Hillendale Mine and was projected 
to begin production in 2014. Production for the Namakwa 
operation was 377,000 t of ilmenite, an increase of 50% from 
that of 2010 and production of rutile was 31 t, an increase of 
11% from that of 2010 (Exxaro Resources Ltd., 2012, p. 5, 104). 

Sri Lanka.—Lanka Mineral Sands Ltd. planned to refurbish 
its Pulmoddai Mine to pre-war levels of 100,000 to 125,000 t/yr. 
The current annual production was 90,000 t of ilmenite, 9,000 t 
of rutile, and 4,000 t of hi-titanium ilmenite (Gunasekera, 2011). 

Ukraine.—Velta LLC was on schedule to commission its 
Birzulovsky ilmenite mine and processing operation in the 
Kirovohrad region. Velta LLC expected the mine to produce 
185,000 t/yr after the first 3 months of production and | 
anticipated that shipments from the mine would begin in the first 


quarter 2012 (Metal-Pages, 20110). 


Outlook 


For the foreseeable future, the market for titanium minerals 
was expected to be driven by the production of TiO, pigment. 
Unless new domestic mines are developed, the U.S. reliance on 


imports of titanium mineral concentrates is likely to increase as 
existing mines are expected to be depleted by 2020. 

Global demand growth for TiO, was expected to trend with 
economic growth and the production of paint, paper, and 
plastics. 

Aerospace, defense, and industrial uses were expected 
to strongly influence consumption of titanium metal for 
the foreseeable future. Commercial aircraft production was 
expected to remain the dominant consumer of titanium metal. 
The growth of the global airplane fleet was projected to average 
3.5% per year from 2012 to 2031 (Boeing Co., The, 2011, p. 3). 
According to one industry estimate, consumption of titanium 
metal by the aerospace industry was expected to climb to 
41,200 t by 2016 from 21,300 t in 2011 (Hickton, 2012, p. 20). 
Government and private industry programs may commercialize 
lower cost methods of producing titanium metal, further 
increasing its demand. 
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TABLE 1 
SALIENT TITANIUM STATISTICS' 


2007 2008 2009 2010 2011 
United States: 
Mineral concentrate: 
Imports for consumption metric tons 1,460,000 1,380,000 943,000 1,200,000 1,270,000 
Consumption®” do. 1,950,000 1,780,000 1,700,000 1,850,000 * 1,830,000 
Sponge metal: 
Imports for consumption do. 25,900 23,900 16,600 20,500 33,800 
Consumption do. 33,700 W W 34,900 48,400 
Price, yearend? dollars per pound 6.33—7.06 6.16—8.02 4.50-7.07 3.50-6.24 321-64 
Titanium dioxide pigment: 
Production metric tons 1,440,000 1,350,000 1,230,000 1,320,000 1,290,000 
Imports for consumption do. 221,000 183,000 175,000 204,000 200,000 
Consumption, apparent" do. 979,000 800,000 751,000 767,000 706,000 
Producer price index, yearend" (1982-100) 162 170 164 194 268 
World, production: 
[Imenite concentrate? metric tons 7,140,000 7,060,000 * 6,120,000 " — 6,220,000 ' 6,450,000 
Rutile concentrate, natural’ do. 608,000 " 634,000 571,000 739,000" 789,000 
Titaniferous slag* do. 2,230,000 2,230,000 2,000,000 2,210,000 2,180,000 
*Estimated. "Revised. do. Ditto. W Withheld to avoid disclosing company proprietary data. 
Граја are rounded to по more than three significant digits, except prices. 
?Excludes consumption used to produce synthetic rutile. 
?Landed duty-paid unit based on U.S. imports for consumption. 
^Production plus imports minus exports. Excludes stock changes. 
Source: U.S. Department of Labor, Bureau of Labor Statistics. 
SIncludes U.S. production of ilmenite, leucoxene, and rutile rounded to one significant digit to avoid disclosing company proprietary 
data. 
70.8. production of rutile included with ilmenite to avoid disclosing company proprietary data. 
TABLE 2 
U.S. TITANIUM METAL PRODUCTION CAPACITY IN 2011"? 
(Metric tons per year) 
pu ER 
Alcoa Howmet Whitehall, MI . 2i 3200 
Allegheny Technologies Inc. Albany, OR (4) 10,900 
Я 23,200 
Ро. Мопгое, МС - 10. 000 
Do. Richland, МА ____ > , 
Do. M Rowley, UT 10,900 Pe 
Alloy Works LLC Greensboro, NC. ig l, 
Honeywell Electronic Materials Inc. Salt Lake City, UT и 1 300 
Perryman Co. Houston, PA = © 600 
RTI International Metals, Inc. Niles, OH i i 2 300 
Titanium Metals Corp. Henderson, NV и 40,700 
Do. Morganton: PA x 800 
Бечене И о 
“Estimated. Do. Ditto. -- Zero. 
"Рака are rounded to no more than three significant digits; may not add to totals shown. 
"Estimated operating capacity based on 7-day-per-week full production. 
"Includes electron-beam, plasma, and vacuum-arc-remelting capacity. did not 
“п July 2009, sponge capacity of 9,980 metric tons per year was temporarily idled and di 
operate in 2011. 
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TABLE 3 
COMPONENTS OF U.S. TITANIUM METAL SUPPLY AND DEMAND! 


(Metric tons) 


Component 2010 2011 
Production: 
Ingot 56,400 60,300 
Mill products 36,300 40,500 
Exports: 
Waste and scrap 3,480 5,150 
Sponge 293 256 
Other unwrought 3,040 1,180 
Wrought products and castings 14,800 24,700 
Total 21,600 31,300 
Imports: 
Waste and scrap 10,700 13,900 
Sponge 20,500 33,800 
Other unwrought 444 915 
Wrought products and castings 8,710 € 6,820 
Total 40,300 " 55,400 
Stocks, industry, yearend: 
Sponge 10,500 10,800 
Scrap 7,900 12,900 
Ingot 2,920 3,850 
Consumption, reported: 
Sponge 34,900 48,400 
Scrap 29,200 30,900 
Ingot 40,900 55,900 
Shipments: 
Ingot 13,700 15,400 
Mill products (net shipments): 
Forging and extrusion billet 19,700 16,800 
Other 18,500 28,700 
Total 38,300 45,500 
Castings (shipments) W W 
Receipts, scrap: 
Home 9,770 12,300 
Purchased 23,400 21,200 
Total — 33200 33,600 
‘Data are опаа to по more than three significant digits; тау not add to totals shown. 
TABLE 4 
U.S. PRODUCERS OF TITANIUM DIOXIDE PIGMENT IN 2011" >3 
(Metric tons per year) 
Company Plant location Yearend capacity" 
Cristal Global Ashtabula, OH 220,000 
Du Pont Titanium Technologies De Lisle, MS 340,000 
Do. Edgemoor, DE 190,000 
Do. New Johnsonville, TN 400,000 
Louisiana Pigment Co. L.P. Lake Charles, LA 146,000 
Tronox Inc. Hamilton М 22 UE 
Do A ——— o Нн э ыз — 1520000 
otal 
as Ditto. 


‘Estimated operating capacity based on 7-day-per-week full production. 

"Table does not include TOR Minerals International, Inc.'s Corpus Christi, TX, production А 
of about 26,400 metric tons per year (t/yr) of buff TiO, pigment that is produced by refining and fine 
ponding of synthetic rutile. 

‘Data are rounded to no more than three significant digits; may not add to total shown. 

‘All plants use the chloride process to manufacture TiO, pigment. 

"Tronox Inc. idled its 1 10,000-t/yr plant in the fourth quarter of 2009 and did not operate the plant 
in 2011. 
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TABLE 5 
COMPONENTS OF U.S. TITANIUM DIOXIDE PIGMENT SUPPLY AND DEMAND! 


= WU — mn = 

Gross TiO, Gross TiO; 

weight content weight content 
Production” metric tons 1,320,000 1,240,000 1,290,000 1,220,000 

Shipments:? 

Quantity do. 1,360,000 1,270,000 1,320,000 1,220,000 
Value thousands $3,170,000 хх $4,400,000 XX 
Exports metric tons 758,000 713,000 * 789,000 741,000 
Imports for consumption do. 204,000 192,000 * 200,000 188,000 


Consumption, apparent? ^ do. 767,000 719,000 706,000 464,000 


“Estimated. do. Ditto. XX Not applicable. 

"Data are rounded to no more than three significant digits. 
?Excludes production of buff pigment. 

*Includes interplant transfers. 

*Production plus imports minus exports. Excludes stock changes. 


Sources: U.S. Census Bureau and U.S. Geological Survey. 


TABLE 6 
ESTIMATED U.S. CONSUMPTION OF TITANIUM CONCENTRATE"? 


(Metric tons) 
2010 2011 
Gross TiO, Gross TiO, 
weight" content weight content 
Pigment 1,740,000 NA _ 1,700,000 МА 
Miscellaneous ___________ __ 113,000 NA 131,000 NA 
Total — ^ 1,850000 1,520,000' 1,830000 1,500009 


"Revised. NA Not available. 

‘Data are rounded to no more than three significant digits; may not add to totals shown. 
"Includes a mixed product containing altered ilmenite, leucoxene, and rutile. . 
?Includes alloys, carbide, ceramics, chemicals, glass fibers, titanium metal, and welding-rod 
coatings and fluxes. 
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TABLE 7 
U.S. CONSUMPTION OF TITANIUM IN STEEL AND OTHER ALLOYS"? 


(Metric tons) 

2010 2011 

Steel: 
Carbon steel 6,110 6,580 
Stainless and heat-resisting steel 3,300 3,120 
Other alloy steel 649 737 
Total steel 10,100 10,400 
Cast irons 16 16 
Superalloys 522 686 
Alloys, other than above 1,020 1,240 
Miscellaneous and unspecified 42 41 
Grand total 11,700 12,400 


"Includes ferrotitanium, scrap, sponge, and other titanium additives. 
?Data are rounded to no more than three significant digits; may not add to totals shown. 
Includes high-strength low-alloy and tool steel. 


TABLE8 _ 
U.S. DISTRIBUTION OF TITANIUM PIGMENT SHIPMENTS, 
TITANIUM DIOXIDE CONTENT, BY INDUSTRY! 


(Percent) 
Industry 2010 * 2011 ° 

Paint, varnish, lacquer 57.1 58.5 
Рарег 9.7 8.6 
Plastics and rubber 27.4 27.9 
Other? 5.8 5.0 

Total 100.0 100.0 
"Estimated. 
"Excludes exports. 


"Includes agricultural, building materials, ceramics, coated fabrics 
and textiles, cosmetics, food, paper, and printing ink. Also includes 
shipments to distributors. 
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TABLE 9 
YEAREND PRICES OF TITANIUM PRODUCTS 


Se  — 


2010 2011 
ee ре наа ee а O 00s 
Concentrate: 

i Ex 250 

Ilmenite, free on board (f.o.b.) Australian ports! dollars per metric ton 65-85 : EET 
Rutile, bagged, f.o.b. Australian ports! do. 760—805 ee 
Rutile, bulk, f.o.b. Australian ports! do. 530-550 m 
Titaniferous slag, import, 80% to 95% TiO,” do. 367—433 

eee SHE, Пропп 607610 7570 110; 1 1 1 11 1 1 Go.  — 307-453 — à 4б 

Metal: 

 Spongeimprü dollars per pound 3.50—6.24 ча, 

o 2.0022. 

Scrap, turnings, unprocessed” do. 2.00 = те 
Ferrotitanium, 70% Ti? do. 3.18-32 = 

ETT рн 038 

Titanium dioxide pigment* do. 194 

do. Ditto. 


‘Source: Industrial Minerals. 


“Landed duty-paid unit value based on U.S. imports for consumption. 
“Source: Platts Metals Week. 


*1982=100. Source: U.S. Department of Labor, Bureau of Labor Statistics. 


TABLE 10 
U.S. EXPORTS OF TITANIUM BY CLASS! 


a зыш” А ЦИЕ 


2010 2011 | 
Quantity Value Quantity Кы ds) 
Class HTS? (metric tons) (thousands) (metric tons) ( 

Ae Se ee AR I 

Scrap 8108.30.0000 3,480 $19,200 5,150 53% 
Unwrought: 1,860 
Sponge 8108.20.0010 293 2,330 ee 6,000 
Ingot 8108.20.0030 467 9,530 Am 16,500 

Other 8108.20.0090 2,570 31,900 923 | 
Wrought: 131,000 
Billet 8108.90.6010 2,240 77,600 3,500 49,400 
Bloom, sheet bar, slab 8108.90.6020 1,240 35,500 1,560 224,000 
Bar, rod, profile, wire 8108.90.6031 2,830 149,000 4,060 863,000 
Other 8108.90.8000 8,450 531,000 15,600 1,320,000 
Total 21,600 856,000 SEIN i 17,600 
Ferrotitanium and ferrosilicon titanium 7202.91.0000 2,570 12,200 ин 11,000 
Ores and concentrates 2614.00.0000 _-___ 48.900. 11800 ЗНН 

Pigment: 


000 
00 2,110 
3206.11.0000 717,000 1,570,000 741,0 ia 


000 
3206.19.0000 36.700 102.000 1 и 19,700 


80% or more titanium dioxide pigment 
Other titanium dioxide pigment 
Unfinished titanium dioxide? 


2823.00.0000 4,160 11,000 
еа ве 
Тога! 


"Harmonized Tariff Schedule of the United States. 
Unmixed and not surface treated. 


Source: U.S. Census Bureau. 
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TABLE 11 
U.S. IMPORTS FOR CONSUMPTION OF TITANIUM CONCENTRATE, BY COUNTRY! 


2010 2011 
Quantity Value Quantity Value 
Concentrate and country HTS? (metric tons) (thousands) (metric tons) (thousands) 
Ilmenite: 2614.00.6020 
Australia 98,200 $9,680 244,000 $26,800 
Mozambique 199,000 14,800 114,000 8,980 
Ukraine 57,500 10,100 10,000 2,220 
Other 22,300 3,070 9,340 1,540 
Total 377,000 37,600 377,000 39,600 
Titaniferous slag: 2620.99.5000 | 
Сапада 150,000 64,700 191,000 90,600 
South Africa 325,000 135,000 323,000 144,000 
Total 475,000 200,000 513,000 235,000 
Rutile, natural: 2614.00.6040 
Australia 83,500 55,000 106,000 62,100 
Sierra Leone 29,800 17,300 10,100 9,030 
South Africa 96,500 51,700 133,000 76,600 
Other’ 19,100 21,200 13,500 9,900 
Total 229,000 145,000 262,000 158,000 
Rutile, synthetic 2614.00.3000 
Australia 109,000 45,500 112,000 80,300 
Malaysia 4,460 2,620 -- = 
Other’ 9,170 4,310 6,960 7,730 
Total 122,000 52,400 119,000 88,000 


Titaniferous iron ore, Canada‘ 2614.00.6020 83,100 6,760 96 23 


-- Zero. 


"Data are rounded to no more than three significant digits; may not add to totals shown. 

?Harmonized Tariff Schedule of the United States. 

ЗАП or part of these data have been referred to the U.S. Census Bureau for verification. 

"Includes materials consumed for purposes other than production of titanium commodities, principally heavy 
aggregate and steel-furnace flux. Titaniferous iron ore from Canada is classified as ilmenite under the HTS. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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TABLE 12 
U.S. IMPORTS FOR CONSUMPTION OF TITANIUM METAL, BY CLASS AND COUNTRY! 


2010 E n - 
Quantity Value Quantity — Và 
Class and country HTS? (metric tons) (thousands) (metric tons) (how 
Waste and scrap: 8108.30.0000 
Canada 682 $3,130 738 MW 
France 1,480 10,700 179 _ | 
Germany 2,050 15,000 1,930 И 
Israel 256 2,060 5 Ш 
Italy 398 3,580 39 M 
Тарап 1,550 11,000 2,260 М 
Korea, Republic of 416 2,820 65 Я 
Mexico 151 519 0 № 
Russia 243 1,860 pg Ш 
Spain 134 961 20 M 
Taiwan 692 3,870 s Ж 
United Kingdom 1,720 13,200 2,820 № 
SC NEN IDE . . оз aw шш № 
Total 10,700 75,500 13900 — Ili 
Unwrought: 
Sponge: 8108.20.0010 
China 868 7,660 
Japan 9,790 110,000 
Kazakhstan" 8,550 69,700 
Russia 918 6,630 
Other 331' 2,680 ' 
Total _____20,500 ____196,000 ____----__--- 
Ingot: 8108.20.0030 
China 48 631 
Germany 156 2,640 
Russia 12 154 
Other 21 С = беды: ETT 
TE REB BEP NES PENNE MEE ML S LÉ 
Powder: 8108.20.0015 
Canada 7 753 
China 96 1,830 
бобы 6 1,380 
Other 10' 0 
Total ees 500 
Other: 8108.20.0091 
China 15 104 
France 7 4 
Germany 26 н 
Russia ка & 
United Kingdom 21 eu 
Other S i EN == 2 | 
Тога] <a 
Wrought products and castings:° 8108.90.3030, 8108.90.3060, 8108.90.6010, 8108.90.6020, 
8108.90.6031, 8108.90.6045, 8108.90.6060, 8108.90.6075 
China 537 poate 
Germany 266 и 
"p^ usse ME RC RE 181 12,700 
Russia 7,130 ue 
imi. 0 дүнү Mo. x ёр 
“ikke ee 455 Е. ЗВО ==] 8 
uci PT" АИ 299,000 
AS иены и 1,500 
‘Estimated. "Revised. -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Harmonized Tariff Schedule of the United States. 
"Includes bar, billet, bloom, castings, foil, pipe, plate, profile, rod, sheet, sheet bar, slab, strip, tube, wire, and other. 
Source: U.S. Census Bureau. 
VEY MINERALS 
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TABLE 13 
U.S. IMPORTS FOR CONSUMPTION OF TITANIUM PIGMENT, BY COUNTRY’ 


SIN А7 
^ јан 2010 2011 
шош Quantity Value Quantity 
Мр уы | Country HTS? (metric tons) (thousands) (metric tons) 
С 80% ог more titanium dioxide pigment: 3206.11.0000 
£n Canada 83,400 $183,000 79,000 
v d China 8,120 15,800 10,300 
J © Finland 7,970 16,000 6,790 
"EN France 4,200 8,990 4,910 
PEE Germany 5,720 13,300 6,450 
| ii Italy 2,890 6,170 3,460 
AN. Japan 4,350 18,600 4,180 
' Netherlands 4,730 9,790 1,800 
т Ukraine 9,890 15,900 11,700 
p Other 13,700 ' 26,800 ' 11,900 
ip ct Total 145,000 314,000 140,000 
a^ Other titanium dioxide: 3206.19.0000 
2 Сапада 7,230 18,600 8,820 
p. China 1,550 4,510 1,110 
ояз Germany 1,440 5,230 666 
— Јарап 836 7,910 552 
Other 1,060 8,870 1,030 
~ Total 12,100 45,100 12,200 
E Unfinished titanium dioxide: 2823.00.0000 
E China 22,400 41,300 24,200 
jj Czech Republic 2,400 4,610 2,460 
Finland 2,960 6,960 2,910 
HN France 4,910 16,400 5.720 
= Germany 4,920 10,700 4,270 
| Italy 2,220 4,800 . 3,120 
Korea, Republic of 4,450 7,600 2,630 
Ё Отег 2,930 ' 11,000 ' 2,430 
И Total 47,200 103,000 47,700 
НЕ Grand total 204,000 462,000 200,000 
— ‘Revised, 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
0 *Harmonized Tariff Schedule of the United States. 
: "Unmixed and not surface treated. 
d Source: U.S. Census Bureau. 
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Value 


(thousands) 


$226,000 
29,100 
17,200 
14,500 
17,400 
10,100 
20,800 
4,390 
25,600 
32,700 
397,000 


25,900 
4,040 
2,720 
6,670 
8,200 

47,500 


70,800 
6,390 
9,590 

18,200 
9,580 
8,930 
5,890 

11,100 

141,000 
585,000 
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TITANIUM: WORLD PRODUCTION OF MINERAL CONCENTRATES, BY COUNTRY"? 


TABLE 14 


(Metric tons) 
Concentrate type and country 2007 2008 2009 2010 2011 
Ilmenite and leucoxene:?' 4 р 
Australia 2,503,000 2,230,000 1,611,000 1,313,000" 1,501,000 
Brazil? 100,364 175,076 71,122 75,000 75,000 ° 
China* 1,100,000 1,100,000 900,000 1,000,000 1,100,000 
India‘ 700,000 610,000 700,000 540,000" 550,000 ( 
Kazakhstan? 25,000 25,000 25,000 25,000 25.000 А 
Malaysia 60,250 36,779 15,983 19,036 ' 28,782 | 
Mozambique 140,515 328,875 471,524 678,400" 636,800 | 
Norway’ 882,000 915,000 671,000 670,000 600,000 | 
Sierra Leone 15,750 17,528 15,161 ' 18,206 15,946 
Sri Lanka 70,728 22,159 122,424 52,637 52,000 
Ukraine 500,000 520,000 500,000 * 500,000 500,000 ° 
United States” ® 400,000 400,000" 300,000 400,000 400,000 
Vietnam’ 653,500 ' 709,500" 698,700" 912,000" 915,000* 
Total® 7,140,000 7,060,000" 6,120,000" 6,220,000" 6,450,000 
кише: 
Australia 312,000 325,000 281,000 429,000 474,000 
Brazil? 3,000 2,309 ' 2,737 ' 2,519' 2,550? 
India? 21,000 21,000 21,000 24,000 ' 25,000 
Madagascar -- -- 3,200 * 5,700 * 9,500 * 
Malaysia 1,450 1,834 1,502 7,567 10,810 
Mozambique 8,782 6,552 1,697 4,656 6,500 
Sierra Leone 82,805 ' 78,908 63,864 68,198 67,916 
South Аг са“ 114,000 127,000 134,000 135,000" 130,000 
Sri Lanka 4,607 ' 11,335 2,276 2,568 2,700 
Ukraine® 60,000 60,000 60,000 60,000 60,000 
United States EE а. NEN TRES -——m— 
Total 608,000" 634,000 571,000 739,000" 789,000 — 


Titaniferous slag;* 19 


Canada 


960,000 


1,000,000 


765,000 


1,090,000 


878,000 


South Africa 1,270,000 — 1,230,000 — 1,230,000 _ 1,120,000 E 
__Тоа — 2,230,000 2230000 2,000000 2210000 2,180 
Total _ 3 ^ ^ 2230000 2,230,000 2,000,000 2,210,000 2,180000 . 


"Estimated. PPreliminary. ‘Revised. -- Zero. 

‘Totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
?Table includes data available through July 20, 2012. most of it is 
*Ilmenite is also produced in Canada, Madagascar, and South Africa, but this output is not included here cs ман 
duplicative of output reported under “Titaniferous slag,” and the rest is used for purposes other than production © 
commodities, principally steel furnace flux and heavy aggregate. 

“Small amounts of titanium minerals were reportedly produced in various countries; information, however, 
make reliable estimates of output levels. 

"Excludes production of unbeneficiated anatase ore. ae 

“Includes rutile to avoid disclosing company proprietary data. Rounded to one significant digit. 

"Estimate based on import statistics from trading partners (primarily China and Japan). :4 disclosing company 
“Includes U.S. production, rounded to one significant digit, of ilmenite, leucoxene, and rutile to avoid disc 

proprietary data. 

"Included with ilmenite to avoid disclosing company proprietary data. 

Slag is also produced in China, Norway, Kazakhstan, Russia, and Vietnam, but this outp 
“Titaniferous slag” to avoid duplicative reporting. 


is inadequate to 


ut is not included under 
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Ял 2011, one U.S. tungsten operation produced and shipped 
3 concentrates. Most of the U.S. supply of tungsten raw 
Jterials comprised imports, scrap, and sales from the National 
 "fense Stockpile (NDS). China continued to be the world's 
"ding producer of tungsten concentrates and the leading 
“plier of tungsten imports to the United States. U.S. apparent 
“\sumption increased significantly in 2011, as compared with 
„t of 2010. World tungsten mine production increased from 
дї of 2010, primarily because of increases in production from 


‚ дада, China, and Russia. Salient U.S. tungsten statistics and 
-4 “orld tungsten concentrate production for 2007—11 are listed in 


Ме 1. 
{Most data in this report have been rounded to three significant 


gits. Totals and percentages were calculated from unrounded 


ut Jimbers. Unless otherwise specified, all statistics in this report 
| : e in metric tons of contained tungsten. Most tungsten prices 
ad many tungsten statistics from other sources are quoted in 


its of tungsten trioxide (WO,). The short ton unit, which is 
„ped in the United States, is 1% of a short ton (20 pounds), and 
E 7O, is 79.3% tungsten by weight. A short ton unit of WO,, 
Jerefore, equals 20 pounds of WO, and contains 7.19 kilograms 
'cg) (15.86 pounds) of tungsten. The metric ton unit, which 


‚ V4 used in most other countries, is 1% of a metric ton (10. kg). 


‚ metric ton unit of WO,, therefore, equals 10 kg of WO, and 


p ontains 7.93 kg (17.48 pounds) of tungsten. 
E Tungsten is a whitish-gray metal with many unique properties 
_ nd a wide variety of commercial, industrial, and military 


pplications. The leading use is as tungsten carbide in cemented 
'arbides, which are wear-resistant materials used by the 


, onstruction, metalworking, mining, and oil and gas drilling 
4:8 ndustries. Риге or doped tungsten metal contacts, electrodes, 


ind wires are used in electrical, electronic, heating, lighting, 


27319 welding applications. Tungsten is also used to make 


| 


alloys and composites to substitute for lead in ammunition 
and other products; heavy-metal alloys for armaments, heat 
sinks, radiation shielding, and weights and counterweights; 

‚ superalloys for turbine engine parts; tool steels; and wear- 
resistant alloy parts and coatings. Tungsten chemicals are 
used to make catalysts, corrosion-resistant coatings, dyes and 
pigments, fire-resistant compounds, lubricants, phosphors, and 
semiconductors. | 


Legislation and Government Programs 


DLA Strategic Materials (DLA), U.S. Department of Defense 
sold tungsten materials via three sales formats—a basic | 
ordering agreement, negotiated sales, and a strategic supply 
alliance. During fiscal year 2011 (October 1, 2010, through 
September 30, 2011), 1,190 metric tons (t) of contained tungsten 
id sold. During the calendar year, 1,220 t of tungsten was sold. 

A tungsten inventories at the end of the calendar year are 
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..*'_Somestic survey data and tables were prepared by Robin Kaiser, statistical assistant, and the world production table was 
та pared by Lisa D. Miller, international data coordinator. 


listed in tables 1 and 2. The 2011 Biennial Report on Stockpile 
Requirements listed tungsten ores and concentrates as a required 
material with an NDS inventory greater than the amount needed 
and tungsten metal powder as a material that was not required in 
the NDS (U.S. Department of Defense, 2012, p. 8, 58). 

The Annual Materials Plan (AMP) for fiscal year 2011, which 
represented the maximum quantities of tungsten materials that 
could be sold, is listed in table 2. The proposed AMP for fiscal 
year 2012 (October 1, 2011, through September 30, 2012), was 
to remain unchanged for tungsten (U.S. Department of Defense, 
2012, p. 6—7). 

The National Toxicology Program of the U.S. Department 
of Health and Human Services released the 12th edition of the 
“Report on Carcinogens.” Cobalt-tungsten carbide powders and 
hard metals were listed as reasonably anticipated to be human 
carcinogens based on limited evidence of carcinogenicity from 
studies in humans and supporting evidence from studies on 
mechanisms of carcinogenesis (National Toxicology Program, 


2011, p. 3, 115-120). 


Production 


Domestic production statistics for tungsten are based on data 
collected by the U.S. Geological Survey (USGS) by means of 
two separate voluntary surveys. Statistics that result from these 
surveys are listed in tables 1 and 3. The annual “Tungsten Ore 
and Concentrate Survey” covered the production, purchase, 
disposition, and stocks of tungsten ores and concentrates. In 
2011, Curtis Tungsten, Inc. (Upland, CA) produced and shipped 
scheelite concentrates from the Andrew Mine northeast of Los 
Angeles, CA. 

EMC Metals Corp. (Vancouver, British Columbia, Canada) 
was considering selling or restarting production from its 
Springer complex in Pershing County, NV. The complex 
comprised an underground scheelite mine, a beneficiation plant, 
and a processing circuit designed to produce either ammonium 
paratungstate (APT) or calcium tungstate (also known as 
synthetic scheelite). Although on care-and-maintenance status 
since 1982, investments had been made to the facilities in recent 
years, and work to make the primary milling and flotation 
circuits fully operational was nearly complete (EMC Metals 
Corp., 2012, p. 16). 

The USGS monthly “Tungsten Concentrate and Tungsten 
Products Survey” canvassed companies that produced tungsten 
carbide powder, tungsten chemicals, and (or) tungsten metal 
powder from APT, tungsten-bearing scrap, and tungsten 
concentrate. U.S. processors of tungsten materials operating in 
2011 are listed in table 4. 

In 2011, U.S. processors consumed less APT and tungsten 
concentrates, but more tungsten scrap than they did in 2010. 
Domestic production of APT was higher than that of 2010. Total 
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net production of tungsten metal powder and tungsten carbide 
powder decreased by 7% in 2011 compared with that of 2010 
(table 3). 

Buffalo Tungsten Inc. announced that it planned to renovate 
its Depew, NY, plant to be able to process tungsten concentrates 
and scrap to produce APT. Currently, Buffalo Tungsten 
purchases APT as feed for its metal powder production 
(Besecker and Watson, 2011). 


Consumption 


U.S. apparent consumption of all tungsten materials, as 
calculated from net imports, secondary production, and changes 
in Government and industry stock levels, was 18,100 t in 2011, 
17% higher than the revised 2010 apparent consumption of 
15,500 t. Primary U.S. production was not available to include 
in the calculation. The increase in apparent consumption in 
2011 was mainly the result of a significant increase in scrap 
consumption compared with that of 2010. 

Statistics on consumption of tungsten in end-use applications 
by U.S. metal consumers were developed from the voluntary 
“Consolidated Consumers Survey.” For this survey, nearly 60 
tungsten consumers were canvassed on a monthly or annual 
basis. Reported consumption and stock data in tables 1 and 5 
include estimates to account for nonrespondents. 

Total U.S. reported consumption of tungsten materials to 
make end-use products in 2011 was 12% higher than that of 
2010. Tungsten consumption by steelmakers and producers 
of cemented carbides, superalloys, and other alloys increased 
from that of 2010 and consumption by producers of chemical 
products and mill products decreased. Compared with 
consumption in 2010, U.S. end users consumed more tungsten 
carbide powder and scrap, but less ferrotungsten, tungsten 
chemicals, and tungsten metal powder. 

Weekly reports of the number of operating drilling rigs give 
an indication of the demand for tungsten carbide in the form of 
cemented carbide components used by industry to explore for 
or produce oil and natural gas. The number of rigs operating 
each week in the United States trended upward during the year. 
In 2011, the average of weekly operating rigs was 1,879, 22% 
higher than the average of 1,546 operating ngs in 2010 
(Baker Hughes Inc., undated). 

In 2011, total consumption of tungsten scrap by U.S. 
processors and consumers was 9,560 t of contained tungsten, 
which was 63% more than the 5,880 t consumed in 2010. 


Prices 


Annual average APT prices were significantly higher than 
those of 2010 (table 1). The U.S. APT price reported by Platts 
Metals Week increased sharply in March, then more gradually 
until late October, when it decreased slightly. During the year, 
this price ranged from $190 to $450 per short ton unit ($209 to 
$496 per metric ton unit). The U.S. APT price reported by Metal 
Bulletin increased sharply in late January and again in late 
September, before decreasing slightly in mid-October. During 
the course of the year, the price ranged between $237 and $445 
per short ton unit ($261 to $491 per metric ton unit). 


79.2 


has remained unchanged since late 2008. The U.S, spot gall 
ore concentrate price reported by Platts Metals Week mes | 
sharply in September and ranged from $170 to $330 persim 
ton unit ($187 to $364 per metric ton unit) during the силой 
the year. The annual average of Platts’ tungsten ore conet g 
prices was 36% higher than that of 2010. Platts’ annual ae 
ferrotungsten price increased by 49% to $51.18 per kilogram 
of contained tungsten in 2011, from $34.30 per kilogand 
contained tungsten in 2010. In 2011, the ferrotungsten pie | 
ranged between $46 and $57 per kilogram. 


Foreign Trade 


The tungsten content of U.S. exports was 7,130t, S4 mm | 
than the 4,620 t exported in 2010 (tables 6-10). The tugta 
content of U.S. imports was 13,200 t, 7% more than the DM 
imported in 2010 (tables 11—14). China, which continue 
be the leading supplier of imported tungsten to the United | 
States, provided 43% of all tungsten imports in 2011. 02% | 
the tungsten content of imports from China decreased by o 
to 5,690 t from 6,080 t in 2010. The distribution of materi 
imported from China was as follows: APT, 33%; tungsten 
oxide, 27%; tungsten carbide powder, 12%; wrought ng 
10%; tungsten metal powders and unwrought tng, S 
each; tungsten waste and scrap, 4%; ferrotungsten, 3%; 00. | 
tungstates, other tungsten compounds, and tungsten gun 
concentrates, minor amounts. Other significant suppliers | 
of tungsten materials to the United States were as follows. 
Vietnam, 1096; Bolivia, 776; Germany, 5%; and os 
Portugal, the Republic of Korea, and Spain, 4% each. - 

U.S. imports of ores and concentrates, оп à pM A 
basis, was 33% higher than that of 2010 (table 11). w ub 
leading suppliers of tungsten ores and deser ита 
(24%), Vietnam (21%), Portugal (14%), Spain (127% 

12%). 
Us imports of APT were 1996 lower ПА је 
(table 12). China continued to be the d other ng? 
providing 9396 of U.S. APT imports. Impo 
materials are presented in tables AGE m consis 

Net import reliance as a percentage © oF aga T 
is used to measure the adequacy of curren 
to meet U.S. demand. Net import reliance 
imports minus exports plus adjustm 
and industry stock changes. Release 
shipments from the NDS, were sui sae 

reliance, regardless of whether they v ipo . 
in the United States. In 2011, U.S. "t consumption decreas 
tungsten as a percentage of ћи as а тезе 
40% from 60% or more П recent y 

їп scrap consumption. 


#2010 


World Review а “је 
: mated world tungsten mine Nd es in roduc 
Estimate 0. primarily because 91 ! 7 "T 
from that of 2010, P russia (table 15). X "— 


mine production an | 
materials from the "T 


Y 
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“лее British Geological Survey evaluated 52 chemical 
-zJbments or element groups of economic value and identified 
УУ преп as having a high risk of supply disruption because more 
у zx rn 75% of its production was from one country, China 
© па 13ritish Geological Survey, 2011). 
nz nz yAustralia.—Tasmania Mines Ltd. (Sydney) produced а 
ке ~ pall amount of scheelite concentrate from its Kara open pit 
ws 3agnetite mine south of Burnie in Tasmania. 
~: 5.7) Carbine Tungsten Ltd. (formerly Icon Resources Ltd., 
зу sydney) was building a plant to process tailings generated 
у, aring past mining operations at its Mt. Carbine tungsten mine 
-` ı northern Queensland. During this first stage of production, 
xpected to begin in 2012 and last 2 years, the company planned 
) produce 40 t of tungsten in concentrate per month. During a 
_imttacond stage, Carbine planned to process low-grade stockpiled 
У sre for 5 to 7 years and produce concentrates containing 
1%150 metric tons per year (t/yr) of tungsten. The final stage of 
~; о годисноп would be open pit and underground mining for 
4":z:nore than 10 years, producing concentrates containing 1,900 
-x yr of tungsten. The Mt. Carbine deposit contains about 80% 
„== wolframite and 20% scheelite (Icon Resources Ltd., 2011, 
139. 3-4, 6). 
7 King Island Scheelite Ltd. (KIS, Sydney) studied the 
е "feasibility of reestablishing production at the former King 
__ „запада Scheelite Mine on King Island, northwest of Tasmania. 
16 was considering a 10-year operation, first retreating 
failings from former mining operations, then underground 
~ fining from two ore bodies. At full production, 2,780 t/yr of 
p jungsten in concentrate would be produced. KIS hoped to begin 
production in 2013, subject to finding a joint-venture partner and 
^. establishing offtake agreements to fund the project (King Island 
5" Scheelite Ltd., 2012, р. 1, 3, 13, 26). 
(di Deutsche Rohstoff AG (DRAG, Heidelberg, Germany) 
* acquired the Wolfram Camp tungsten-molybdenum open pit 
>” mine and beneficiation plant west of Cairns, Queensland, which 
"^ had been on care-and-maintenance status since late 2008. 
DRAG signed a 5-year offtake agreement to supply 100% of 
d the wolframite concentrates produced from the mine to U.S. 
L^ tungsten processor Global Tungsten & Powders Corp. (GTP) 
:4" and began production in December. At full production, the 
* Wolfram Camp Mine was expected to produce 1,230 t/yr of 
Р tungsten in concentrate (Deutsche Rohstoff AG, 2011; 2012, 
A р. 27-28). 
4 Hazelwood Resources Ltd. (Perth) studied the feasibility 
5 of developing the Big Hill scheelite deposit in northwestern 
4’ Western Australia. The company planned to begin production 
iif in 2013. Concentrates from Big Hill, containing 1,600 Џуг of 
^ tungsten, would be processed by the Asia Tungsten Products Co. 
Ў Ltd. ferrotungsten plant in Vietnam (Hazelwood Resources Ltd 
Я 2012, р. 4). ? 
i Thor Mining PLC (London, United Kingdom) commissioned 
a revised feasibility study on its Molyhil tungsten-molybdenum 
project, northeast of Alice Springs, Northern Territory. The 
| 2 а the economic viability of an open pit mine and 
Р plant which would produce 2,200 t/yr of scheelite 


/ concentrate and 1,250 t/yr of molybdenite concentrate durin 
| j intial 4-year life (Thor Mining PLC, 2012, p. 2). = 
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Venture Minerals Ltd. (Subiaco) began a feasibility study 
on its Mt. Lindsay tin-tungsten project in northwest Tasmania. 
Venture was considering an open pit mine and beneficiation 
plant with an initial life of 8 years (Venture Minerals Ltd., 2011, 
р. 6—7). 

Vital Metals Ltd. (Subiaco) studied the feasibility of 
developing its Watershed project northwest of Cairns, 
Queensland. Vital was considering an open pit mining operation 
capable of producing approximately 1,560 t/yr of tungsten in 
scheelite concentrates, with an initial mine life of 6 years. The 
study was being funded by Japan Oil, Gas and Metals National 
Corp., which would earn a 30% interest in the project 
(Strizek, 2011, p. 18). 

Austria.—Wolfram Bergbau und Hiitten AG (owned by 
Sandvik AB, Sandviken, Sweden) operated the Mittersill 
scheelite mine and beneficiation plant in the State of Salzburg, 
the Bergla tungsten processing plant, and a tungsten recycling 
unit near St. Martin in the State of Steiermark. 

Brazil.—Largo Resources Ltd. (Toronto, Ontario, Canada) 
began production from its Currais Novos project, which 
reprocessed tailings from two former tungsten-molybdenum 
mines west-southwest of Natal, Rio Grande do Norte State. 
Largo planned to produce concentrates containing about 180 t 
of tungsten in 2012 and increase production to about 330 t/yr of 
tungsten in subsequent years (Largo Resources Ltd., undated). 

Canada.—North American Tungsten Corp. Ltd. (NATC, 
Vancouver) ramped up production at its Cantung Mine in 
Northwest Territories, following a restart of operations in 
October 2010. During 2011, NATC produced 1,967 t of tungsten 
in scheelite concentrates, significantly more than that of 2010, 
and about the same amount as that of 2009, prior to the mine's 
shutdown. Significant investments were made to the mine and 
beneficiation plant, which resulted in increased production and 
decreased unit costs during the fourth quarter. The company 
did exploration to increase reserves at Cantung and studied 
the feasibility of recovering tungsten from tailings. NATC 
also continued to evaluate alternatives for the development of 
its Mactung scheelite deposit in the Yukon (N orth American 
Tungsten Corp. Ltd., 2012a, p. 1—8; b, p. 2-6). | 

Northcliff Exploration Ltd. (Vancouver, British Columbia) 
worked on feasibility and environmental assessment studies for 
the Sisson tungsten-molybdenum project in New Brunswick. A 
2009 scoping study on the project proposed the development of 
an open pit mine and beneficiation plant to produce concentrates 
containing approximately 3,700 t/yr of tungsten and 1,600 t/yr 
of molybdenum for a period of 20 years (Geodex Minerals Ltd., 

2011, р. 3, 15, 18). m 
Adex Mining Inc. (Toronto, Ontario) studied the feasibility of 
restarting production from the tungsten-molybdenum-bismuth 
Fire Tower Zone at its Mount Pleasant Mine in southwestern 
New Brunswick. Adex was considering downstream processing 
of tungsten concentrate from the mine to produce APT 
(Adex Mining Inc., 2012, p. 1, 6). 
China.—China’s Government had a program to conserve 
its tungsten resources. In the mining sector, the Government 
regulated the production of tungsten concentrates by forbidding 
foreign investment in tungsten exploration and mining; 
closing mines that did not meet certain energy, environmental, 
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production, and safety standards; imposing a resource tax 

on tungsten ores; not issuing new exploration and mining 

licenses; and setting production quotas. For 2011, the tungsten 

concentrate production quota was increased by 9% to 87,000 t 

(65% WO,). The quota was divided into three parts—primary 

mine production, 79%; comprehensive recovery from other 

sources, 19%: and an amount reserved for adjustments if 

necessary, 296 (Huang, 2009; Fang, 2011, p. 3, 44, 48; 2012, 

p. 5; Mining Journal, 2011). 

In the processing sector, China's Government encouraged 
the recovery of tungsten from low-grade ores, mixed 
scheelite-wolframite concentrates, and scrap; banned tolling of 
tungsten concentrate; limited foreign investment in processing 
plants; and maintained requirements to limit the building or 
expansion of plants. These requirements included minimum 
capacities and meeting environmental, energy, production, and 
safety standards. In 2011, H.C. Starck GmbH (Goslar, Germany) 
and Jiangxi Rare Metals Tungsten Holding Group Co., Ltd. 
agreed to form two joint-venture companies in Ganzhou—one 
to produce APT and tungsten oxide and the other to produce 
tungsten metal powder and tungsten carbide (China Metal 
Market—Precious & Minor Metals Monthly, 2006; Zhang, 
2007; Huang, 2008; Huang, 2009; H.C. Starck GmbH, 2011). 

With respect to trade, the Chinese Government regulated 
tungsten exports by restricting the volumes and types of 
materials and products that could be sent out of the country, 
limiting the number of producers and traders authorized to 
export tungsten materials and products, and adjusting the export 
tax system. The 2011 export quota for tungsten materials was 
15,691 t of contained tungsten, down from 15,990 t in 2010. To 
qualify for an export license, companies were required to have 
minimum production capacities and recycling rates (Ryan's 
Notes, 2007; Huang, 2009; Fang, 2011, p. 23, 44; 2012, p. 26). 

Despite its position as the world's leading miner of tungsten, 
China has imported tungsten concentrates in recent years. In 
2011, China imported 4,750 t of tungsten in concentrates, 50% 
more than it imported in 2010 (Fang, 2012, p. 33). 

Tungsten producers from the Ganzhou Tungsten Association, 
Jiangxi Tungsten Group, China Minmetals, and Hunan 
Nonferrous Metals communicated monthly and issued 
recommended prices for tungsten concentrate, APT, and metal 
powder (Precious & Minor Metals Monthly, 2011). 

Congo (Kinshasa).—The Minister of Mines of Congo 
(Kinshasa) ended the ban on artisanal mining in the eastern 
provinces of Maniema, Nord-Kivu, and Sud-Kivu. The ban, 
which began in 2010, was intended to give the Government 
time to establish a tracking program to restrict illegal mining 
and trade in minerals that provided funding to rebel groups 
(Kavanagh, 2011). 

Japan.—The Japanese Government had a strategy to ensure 
the country's supply of raw materials, including tungsten. 
The strategy included providing assistance to develop new 
mine production in other countries, increasing recycling 
rates, promoting research to reduce consumption or develop 
substitutes, and improving the stockpiling program (Japan Oil, 
Gas and Metals National Corp., 2011, p. 1—2). 

A.L.M.T. Corp. (a subsidiary of Sumitomo Electric Industries, 
Ltd., Osaka) began recycling cemented carbide scrap with 
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Competition for manpower an 
cited as reasons for reduced ore extra 
continued to be less than plant capacity. 
mine equipment and accelerate ap ede ^o Buen wt 
increase production. А!! concentrate from Г О 
to GTP under ап offtake agreement (Malaga Е ortuga) SA 
Portugal.—Sojitz Beralt Tin and d а 
(Barroca Grande) planned to increase pro Е <0% by M 
Panasqueira Mine in central Portugal by s io pi 
Wolframite concentrate from Panasquiera v 
elsewhere to be processed (Ryan's Notes, = ойне i 
Russia.—Five companies mined шоре m 
concentrates. The companies, with the s - га Г, 
operations and listed in order of their at : 
the first 6 months of 2011, were a5 ns j 
which produced concentrates from ог P Ts 
GOK in Primorskiy Kray; KGUP P RE » 
the exploration and mining license Mir 
in Primorskiy Kray; Russkaya Gorno 


ction. Mine capacity 


Malaga planned tow 
nd developmen 0 


а newly developed, highly efficient, low cost, small sat | to ir 
hydrometallurgical process. Researchers at бшшш — p.9 
Industries also developed cutting tools composed of ! | Y 
carbide layer on a септе! substrate that had 30% les Щй reff 
than traditional cemented carbide tools | ехр 
(Ishida and others, 2012). | ^ 
Japan New Metals Co., Ltd. (Tokyo) added the capti a 
produce tungsten carbide powder at its Akita plant лон s | 
expansion, all of ће company’s tungsten carbide poem | | 
produced at its Osaka plant from APT produced at Akita E 
(Japan Metal Bulletin, 2011). | 5: 
Korea, Republic of.—State-run Korea Resources Cop a 
planned to increase its stockpile of various metals "я А 
tungsten. The new target was to stock the equivalent or s 
of domestic consumption by 2016 (Park, 201). — ub ox 
Woulfe Mining Corp. (Vancouver, British Columbia, 1 8 
studied the feasibility of reopening the Sangdong ий и 

molybdenum mine southeast of Seoul in Gangwo "T 
The company was considering an underground minè a Р 
life of 11.5 years, а beneficiation plant to produce “и р 
molybdenum concentrates, and an onsite e n 
the capacity to produce approximately 3,100 t/yr o i 
APT (Tetra Tech WEI Inc., 2012, p. 1-1 1). "E 
Peru.—Malaga Inc. (Montreal, Quebec, Cana a) | k 
tungsten concentrate from the Pasto Bueno ыа "m d 
beneficiation plant in the Ancash ie e. A Y 
in 2011, owing to lower ея Е of exploits | 
| 


db primorst 
/ which 


manages 


Wolfram Company CJ SC, 
in Zakamensk, Buryatiya Rep (G 
Wolfram Company (Moscow) E and Kirove™ 
Nalchik, Kabardino-Balkarlya Ра ae 
Zavod Tverdykh Splavov OAO АБ о не 
in Sverdlovsk Oblast produced а орі 
tungsten oxide. In 2011, Russian С ie 
ngsten ноя exports for oh 
was forecast to be greater tha W 


ssian SUP 
years. In addition to concentrates, Ru 
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Ro te Аа де 1,150 t of tungsten scrap in 2011 (Gorbachev, 2011, 
Pimwim] 16). 

0 = fram also began construction on the second phase of a 

* i wrrtory metals plant in Unecha, Bryansk Oblast, which was 

| ck гене to produce tungsten metal powders as its main product. 
>.  ompany planned to gain full control of the Tyrnyauz 

8 д ten-molybdenum mining complex by purchasing the share 
* Ig миру the Kabardino-Balkariya Republic (Wolfram Company 

"X man zy", undated a, b). 

wu а у ит —Неетзкик Consolidated Ltd. (Melbourne, Australia) 
„У its share of the Los Santos tungsten mine in Salamanca 
TESI to Almonty Partners LLC (New York, NY). Almonty 
„пси Рей a new long-term agreement to supply tungsten 

>: pentrates from the mine to an undisclosed company, began to 
ге improvements to the beneficiation plant, and started a drill 
“TEND : : 

oO Iam to expand the mine's reserves. In 2011, production of 
С er „еп concentrates from Los Santos was more than twice that 
7 010 (Almonty Industries Inc., 2012, р. 4—6, 9). 

МК onde Mining plc (Dublin, Ireland) studied the feasibility 
ТИТ eveloping its Barruecopardo tungsten project in Salamanca 


r 


ЕТ vince and completed the first stage of mine permitting. 
ја ecopardo was the leading tungsten mine in Spain until 
777 “closure in the early 1980s. Ormonde planned to mine the 
1.--'" by conventional open pit methods and produce scheelite 
М2 *icentrates containing an average of 1,800 t/yr of tungsten 
-xx Jing the initial 9 years of operation. Plant commissioning 
4825 scheduled to begin during the second half of 2013. The 
25? прапу planned to evaluate the feasibility of extracting 
р Zneral resources below the open pit by underground mining 
С rc rmonde Mining plc, 2012). 
zx Caspian Holdings Plc (London, United Kingdom) acquired 
т frian Resources Spain SL, owner of the La Parrilla tungsten 
zx ^ lings deposit and had an option to acquire the La Parrilla open 
„e V tungsten mine in the Extremadura region of the Provinces 
.p*4 Caceres-Badajoz. Caspian planned to process the tailings to 
„ту одисе tungsten concentrate by mid-2013 (Caspian Holdings 
22710, 2012, р. 3). 
27" Thailand.—Newly founded Siam Emco Corp. acquired SC 
jM {ining Co., Ltd., producer of ferberite concentrate. Siam Emco 
,,"Jlanned to increase production from the mine and continue 
yP supply concentrate to customers in China, India, and Japan 
B Metal Bulletin, 2011b). 
gs $ United Kingdom.—Wolf Minerals Ltd. (Subiaco, Australia) 
,ompleted a feasibility study on redeveloping the Hemerdon 
„пе northeast of Plymouth and worked on funding the project. 
, he open pit mine and beneficiation plant was expected to 
„produce approximately 2,700 t/yr of tungsten in wolframite 
_„Ропсештаје and 462 (уг of tin in concentrate for a minimum 
| (Pt 10 years beginning in 2014. Wolf Minerals received updated 
; y¢Planning permission for mining at Hemerdon from the Devon 
| (County Council and United Kingdom Secretary of State. Traxys 
fEurope S.A. was to market the tungsten concentrate produced 
y (Wolf Minerals Ltd., 2011, p. 3, 6, 10, 13-14, 20). 
ыо s State Committee of the Republic of 
f es : eology and Mineral Resources and Shindong 
/ urces Co. Ltd. (Republic of Korea) agreed to form a joint 


venture to explore the Sautbay tungsten deposit in Navoi region 
я 
, 
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and to build a mine and beneficiation plant (The Times of 
Central Asia, 2011). 

Vietnam.— Vietnam Youngsun Tungsten Industry Co., Ltd. 
reportedly shut its ferrotungsten plant in Halong City, Quang 
Ninh Province for maintenance in early 2011. The plant 
restarted production at the end of March and was operating at 
nearly one-half capacity in early May. Most of the production 
was from scheelite and wolframite ores purchased from Thienke 
Mine in Tuyen Quang Province and Philieng Mine in Lam Dong 
Province. The ferrotungsten was produced for export to Europe, 
Japan, the Republic of Korea, and the United States (Vietnam 
Youngsun Tungsten Industry Со., Ltd., 2009а, b; Metal Bulletin, 
20114). 

Hazelwood Resources completed construction of its 
majority-owned Asia Tungsten Products plant near the port of 
Haiphong. The plant had the capacity to produce 4,000 t/yr of 
ferrotungsten (approximately 3,000 t/yr of tungsten), which 
was to be sold by Wogen Resources Ltd. Hazelwood was 
negotiating financing to purchase feedstock for the plant, which 
would later use concentrates from the company’s Big Hill Mine 
in Australia (Hazelwood Resources Ltd., 2012). 

Masan Group Corp. (Ho Chi Minh City) began construction 
at its Nui Phao project in Thai Nguyen Province. The project 
comprised an open pit mine and processing complex to produce 
fluorspar, copper concentrate, APT, and bismuth, listed in order 
of annual output. Masan planned to begin production in early 
2013 and forecast APT output during the first 5 years of full 
production to exceed 4,700 t/yr of contained tungsten (Masan 


Group Corp., 2012, р. 33-37). 
Outlook 


World tungsten supply will continue to be dominated 
by Chinese production and exports. The Chinese tungsten 
concentrate production quota for 2012 was increased by 2% to 
89,000 t (65% WO,). The export quota for 2012 was reduced 
to 15,400 t of all tungsten products, a decrease of 2% from the 
quota of 15,691 t in 2011 (Fang, 2012, p. 5, 26). | 

Tungsten use is strongly influenced by general economic 
conditions. Future consumption of tungsten in cemented 
carbides, which is the leading end-use sector, will depend on the 
performance of the following industries: automotive and aircraft 
production; construction; electronics manufacturing, where 
cemented carbide microdrills are used on circuit boards; general 
manufacturing; large equipment manufacturing; mining; and oil 
and gas drilling. Tungsten use is also influenced by Government 
spending for defense applications. 

In the next few years, tungsten mine production outside of 
China is expected to increase. Seddon (2012, p. 23—25) forecast 
a slight market surplus for tungsten in 2012, followed by a slight 
deficit in 2013, and then significant surpluses in 2014 through 
2016, as new production comes online. 
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TABLE 1 
SALIENT TUNGSTEN STATISTICS! 


(Metric tons, tungsten content and dollars per metric ton unit) 


2010 2011 


ата э „ШШ э а 
Кт yw 
шнш ig ен NEA . 

- ди NNNM a | 
_ Stocks, December 31: — 00 0 i 
за 7 Oe: аа E 
KW o See E PSOE: j 
Me A WEM) NE к= 
Ammonium paratungstate: __ _______- \ 
Production Ww W W W е 
gs ОЕ eS m 
U.S. free market“ 284 27 Е ART ей 

S. market’ 262 260 178 ae aue 


Consumption 11,400 12,100 7,460 l 


Stocks, December 31: 618 682 
Producer” 825 707 682 $ 
Consumer’ 488 571 509 = 1 
U.S. Government” 235 183 171 7700 ' — MW. 

World, production of concentrate 53,600 ' 62,000 * 60,500 ' gums 
*Estimated. Revised. W Withheld to avoid disclosing company proprietary data. 

Гаја are rounded to no more than three significant digits. 

*Defense Logistics Agency, DLA Strategic Materials. Data are uncommitted material only. 

3 Annual average calculated from weekly prices reported by Platts Metals Week. 

‘Annual average calculated from semiweekly prices reported by Metal Bulletin. Р 
Reported by tungsten processors. ‘de powder ай 
eects em ae powder and tungsten carbide powder produced from metal powder; excludes cast and crystalline tungsten carbide p 
chemicals. er, and tungsten scrap. 


. ‘ | ide owd 
"Includes ammonium paratungstate and other tungsten chemicals, ferrotungsten, tungsten metal powder, tungsten carbide p 


TABLE 2 


oui? 
U.S. GOVERNMENT NATIONAL DEFENSE STOCKPILE TUNGSTEN STATISTICS IN2 


(Metric tons, tungsten content) 


arx deci а 
Inventory, yearend” Annual Sales Calendar 
~ Fiscal Calendar . Materials Fiscal Calendar RS Ju 
Material year year Plan’ ya? _ << 1,180 
Ores and concentrates 15,800 15,800 3,630 1,180 1,180 , leue 
Tungsten metal powder 160 125 136 USE pe шш 
Total | 16,000 15,900 3760. 190 1229. 
‘Data are rounded to no more than three significant digits; may not add to totals shown. 
? Includes stockpile- and nonstockpile-grade materials. 
?Uncommitted inventory only. Does not include material committed for sale pending shipment. 
^From previous year. Based solely on uncommitted yearend inventories. 
‘Twelve-month period ending September 30, 2011. 
Source: Defense Logistics Agency, DLA Strategic Materials (formerly Defense National Stockpile Center). 
gml 
URVEY MINERALS Y 


GICAL 5 
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ТАВІЕ 3 
U.S. NET PRODUCTION AND STOCKS OF TUNGSTEN PRODUCTS! > 


(Metric tons, tungsten content) 


| a ee шол ые Е 
| Tungsten Tungsten 
mM metal powder carbide powder Total 
М чей р carbide powder оа — 


Net production: 
2010 4,110 4,230 ' 8,340 € 
3,330 4,460 7,790 


$ | 
BE 2011 ` ; ; ; 
ee a с, M 


Producer stocks: 


MN" December 31, 2010 343 ' 335 ' 678 ' 
ee 200. MEE ONE 7/58 


b Зе =. 


December 31, 2011 273 410 682 
Revised. 
'Net production equals receipts plus gross production less quantity used to make other 
products in table. 


"Data are rounded to no more than three significant digits; may not add to totals shown. 
*Data for cast and crystalline tungsten carbide powder and tungsten chemicals are 
withheld to avoid disclosing company proprietary data; not included in “Total.” 


TABLE 4 
U.S. PROCESSORS OF TUNGSTEN IN 2011! 


eee 
Company Plant location 
уп Huntsville, AL. 


ATI Alldyne” 


Buffalo Tungsten Inc. Depew, NY. 
Chem-Met Co., The Clinton, MD. 
Elmet Technologies, Inc. Lewiston, ME. 
General Electric Co. Euclid, OH. 
Global Tungsten & Powders Corp.’ Towanda, PA. 
Kennametal Inc. Fallon, NV. 
Do. Latrobe, PA. 
Tungsten Diversified Industries LLC* White Bear Lake, MN.” 
Do. Ditto. 


‘Consumers of ammonium paratungstate, tungsten-bearing scrap, tungsten 
Concentrates; and (or) tungsten oxides. 

Ап Allegheny Technologies Inc. company. 

ЗА division of Plansee Group. 

“Joint venture of North American Tungsten Corp. Ltd., Tundra Particle 
Technologies LLC, and Queenwood Capital Partners LLC. 


?Pilot-scale operation. 
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TABLE 5 


U.S. REPORTED CONSUMPTION AND STOCKS OF TUNGSTEN PRODUCTS"? 


(Metric tons, tungsten content) 


oy ee ees ee EAR RESET. 
2010 2011 
Consumption by end use: 
Steels 71 96 
Superalloys W 997 
Other alloys" W W 
Cemented carbides” 5,990 6,760 
Mill products made from metal powder W W 
Chemical uses Se ere 
Total 10,900 12,200 
Consumption by form: 
Ferrotungsten 129 115 
Tungsten metal powder W W 
Tungsten carbide powder 5,890 6,850 
Tungsten scrap” W W 
Other tungsten materials’ Е 
Total 10,900 12,200 
Consumer stocks, December 31: 
Ferrotungsten 29 18 
Tungsten metal powder 58 36 
Tungsten carbide powder 414 445 
Tungsten scrap” 61 45 
Other tungsten materials’ NEM — 
Total 567 BN 


W Withheld to avoid disclosing company proprietary data; included in "Total." 

iData are rounded to no more than three significant digits; may not add to totals shown. 

2Does not include materials used in making primary tungsten products. 

*Includes estimates. 

^Includes welding and hard-facing rods and materials, wear- and corrosion-resistant alloys, and 
nonferrous alloys. 

Includes diamond tool matrices, cemented and sintered carbides, and cast carbide dies or parts. 
$Includes tungsten bars. 

"Includes tungsten chemicals. 


TABLE 6 
TRY' 
U.S. EXPORTS OF TUNGSTEN ORES AND CONCENTRATES, BY COUN ПР 
2010 2011 ===>" 
Quantity ee 
Tungsten Tungste Value 
Gross weight content” Value Gross weight saree (thousands) 
Brazil (3) (3) $5 39 Н il 
Chile 2 1 25 i о 3,720 
China Р BA -- 190 +. 
Germany 487 251 5,570 ER 
India 11 5 116 3 2 
Malaysia 9 5 254 3 (3) 
Мехісо 2 || 26 (3) 31 1,140 
Netherlands = 5 -- 60 и 
Peru 2, 1 96 ST 9 
Taiwan A БА -- 18 E 
United Arab Emirates 3 2 28 йм (3) 
United Kingdom 4 2 60 l 7 " 
Vietnam 3 


15 7 225 у 0 
Other 2T fi? 42 ' 169 bp ——— Ж 
"Revised. -- Zero. 

!Data are rounded to no more than three significant digits; may not add to totals shown. 


Content estimated from reported gross weight. 
?Less than У; unit. 


Source: U.S. Census Bureau. 
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TABLE 7 


ы U.S. EXPORTS OF AMMONIUM PARATUNGSTATE, BY COUNTRY! 
2010 2011 
MONA Quantity, Quantity, 
; tungsten tungsten 
= content Value content Value 
р Country of destination (metric tons) (thousands) (metric tons) (thousands) 
г Austria 6 $49 -- -- 
i Belgium - - 26 $557 
B Brazil 2 20 - -- 
i Finland -- -- 1 5 
А Сегтапу 432 7,750 566 11,200 
= Нипрагу 44 581 152 1,730 
— India 26 230 4 34 
Italy 2 21 (2) 8 
Јарап -- -- 23 335 
| Мехїсо 4 35 3 28 
= Netherlands 1 11 — -- 
i Switzerland 20 137 202 4,770 
s Taiwan (2) 4 (2) 11 
E United Kingdom 2) 4 (2) 5 
Total 538 8,840 977 18,700 
r -- Zero. 
’ Data are rounded to no more than three significant digits; may not add to totals shown. 
& ?Less than И unit. 


Source: U.S. Census Bureau. 
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ТАВГЕ 8 


1,2 
U.S. EXPORTS OF TUNGSTEN METAL POWDERS, BY COUNTRY 


2010 20! 
- Quantity 
Quantity nm Tungsten и. 
А 3 ight content ue 
Gross weight content vans e i | (metric tons) (thousands 
Country of destination (metric tons) (metric tons) (thousands) (meie ton 2 $195 
Argentina 3 2 $145 3 2 115 
и 16 13 563 я 50 3,100 
Austria 25 20 ih у (4) 7 
Belgium 8 6 193 | 15 1,120 
Brazil 19 15 1,160 > i T 
Canada 111 88 4,820 151 ; їй 
Chile 6 5 450 ү 7 TU 
China 31 25 1,860 | 4 281 
Colombia (4) (4) Кы | || У 
Czech Republic 20 16 44 27 l, 
France (4) (4) a у 141 13,50 
та 558 446 17,600 E^ А 5 
21 4 
1 (4) 4 
Eus im 5 4 117 di У 1550 
E i 13 11 856 а (4) 
Ireland 4 3 172 (4) 3 217 
Israel l l jet A | я 
Italy (4) (4) 9 jā 10 di 
Japan 17 14 1,140 =: 16 1,070 
1490 
Korea, Republic of 5 4 344 31 25 s 
Mexico 28 22 878 | | m 
Netherlands 43 34 ey 19 16 j , 
Peru 5 5 | | 
4830 
Philippines (4) (4) Р, 114 91 " 
Saudi Arabia 6 5 18 
Singapore 18 14 1,680 is 17 i 
South Africa 8 6 542 Га 10 ; 
Switzerland 9 8 868 3] 25 % 
Taiwan 19 15 син 2 2 1,000 
Thailand 2 2 30 17 14 M 
Turkey 3 2 231 4 3 323 
United Arab Emirates 2 2 149 6 " 
United Kingdom 9 7 401 А 3 086 
Venezuela 8 6 376 3 TET 
Other 3 3 200' › 
eS эссесе м e 


686 
7 
Total 1,000 803 39,600 83 
Rise NN эю ВИ 


!Data are rounded to n 


Мау include tungsten alloy powders. 
*Content estimated from reported gross weight. 


‘Less than % unit. 


Source: U.S. Census Bureau. 


o more than three significant digits; may not add to totals shown. 
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ТАВГЕ 9 
U.S. EXPORTS OF TUNGSTEN CARBIDE POWDER, BY COUNTRY! 


EN 2010 2011 
us o Quantity, Quantity, | 
z tungsten content Value tungsten content Value 
ж Country of destination (metric tons) (thousands) (metric tons) (thousands) 
=з Argentina 1 $30 1 $55 
ae Australia 15 379 26 819 
| Austria 119 2,900 169 5,950 
| Belgium 39 313 2 196 
, Brazil 17 543 13 43] 
Canada 124 5,380 127 6,730 
Chile 1 44 1 138 
China 27 1,600 31 1,900 
Coloinbia 3 85 (2) 19 
Czech Republic 14 422 3 137 
Denmark 3 106 6 280 
| Есџадог (2) 3 2 58 
| Егапсе 34 1,070 20 1,070 
| Сеппапу 235 9,290 213 11,600 
Hong Kong 15 606 7 600 
i India 7 282 5 275 
i Indonesia 3 279 5 267 
i Ireland 27 919 2 189 
Israel (2) 3 14 189 
Italy 1 94 12 1,000 
| Јарап 13 894 41 1,020 
Korea, Republic of 5 274 6 336 
А Мехісо 8 585 8 474 
Netherlands = a 4 145 
Peru 5 305 8 483 
Saudi Arabia 47 547 15 870 
Singapore 6 369 6 411 
South Africa 77 2,360 16 952 
Sweden 15 495 41 1,610 
Switzerland 5 243 5 357 
Taiwan 61 2,440 60 3,720 
Thailand | 162 3 213. 
United Kingdom 262 9,150 357 18,700 
Venezuela 24 1,230 20 915 
Other 3° 210° 8 839 
T 


Revised. -- Zero. 
"Раја are rounded to no more than three significant digits; may not add to totals shown. 
"Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 10 
x un 1 
U.S. EXPORTS OF MISCELLANEOUS TUNGSTEN-BEARING MATERIALS, BY COUNTRY 


OS ee 
^ Quantity |^ Quantity, 
tungsten content Value tungsten content VB 
Product and country of destination (metric tons) (thousands) (metric tons) UU 
Belgium e 72 s oy 
Canada (2) $3 P у 
Mexico S си | 596 
Netherlands he T. д 5 
United Kingdom (2) 8 : 30 
EE SEATA uc CAO са 
Unwrought tungsten:^ *? 18 
Australia =з ы : 7 
Austria se т Ма 361 
Belgium 103 467 d 65 
Brazil 13 59 2 2240 
Сапада 162 1,070 = E 
China 8 32 ? : 
Colombia 4 17 és = 
Czech Republic 2 20 я 124 
France 2 2 T 212 
Germany 9 47 + 40 
Нипрагу 15 66 : 139 
Indonesia 19 84 1 8 
Israel 4 19 A 435 
Japan 8 38 b [9 
Korea, Republic of 2 10 > 24 
Luxembourg -— T : 21 
Malaysia 2 15 2 323 
Mexico 44 191 "s - 
Netherlands 12 176 2 - 
New Zealand 3 15 T 64 
Philippines -- uj ү 164 
Singapore 12 62 = 163 
Taiwan 2 23 i 100 
Turkey -- р a 38 
United Kingdom 11 47 У 50 
Other — es = МАУ ee АЕ 
Total OOE ee 
Waste and scrap:* g 
Australia 7 58 * 87 
Austria = e y 1,300 
аи вене 2 66 53 108 
M UU eS 11 378 ; 1.190 
Canada 92 947 132 2,460 
tie. == 132 2,860 291 102 
_Czech Republic =m 5 141 = 7,580 
hin. << 306 3,800 892 99 
Егапсе 3 94 5 7,230 
Germany 218 4,340 492 109 
Hong Kong | 9 : 15 
Hungary Е -- У 70 
India 14 443 у 687 
ie. et be = 44 1,200 
ij аана. 11 93 142 21 
Mexico 2 22 ~ + 
_ Netherlands — — — — — 27 497 "9 50 
_ Singapore eee 6 51 р 2,700 
_ Sweden SC г. 319 6 
Switzerland ^ — —————— ——— 3 24 | 61 
a аа 8 69 7 53 
_ United Arab Emirates — — —— ——— 10 91 5 
See footnotes at end of table, 0 
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TABLE 10—Continued 


erg U.S. EXPORTS OF MISCELLANEOUS TUNGSTEN-BEARING MATERIALS, BY COUNTRY’ 
2 2010 2011 
- Quantity, Quantity, 
"а ви | tungsten content Value tungsten content Value 
e | Product and country of destination (metric tons) (thousands) (metric tons) (thousands) 
| Waste and scrap—Continued: 
| United Kingdom 55 $740 92 $1,430 
Other 3° 21° 2 19 
Total 915 14,700 2,660 27,200 
Wrought tungsten: ке 
| Australia 9 1,470 | 84 
= Belgium 6 599 5 661 
— Brazil 7 808 7 517 
Canada 37 4,190 41 5,030 
China 9 1,400 6 1,270 
| Costa Rica 5 715 13 1,650 
' Czech Republic 27 3,450 23 2,840 
> Егапсе 1 106 5 371 
a Germany 82 7,570 68 7,700 
| Hungary 5 948 2 319 
India 3 353 24 2,390 
- Indonesia 5 1,000 (2) 66 
1 Japan 25 4,110 34 7,990 
4 Мехісо 17 3,190 14 2,480 
| Netherlands 4 926 l 49 
: Russia 2 164 1 122 
| Singapore 5 953 7 1,290 
Spain 6 802 1 71 
| Sweden 9 2,240 4 580 
| Taiwan (2) 86 2 d 
| United Kingdom 9 3,200 19 2,270 
| Other 15° 3,020 ' 13 2,840 
| Тога! 289 41,300 289 41,000 
Tungsten compounds:' 
Canada 21 75 3 9 
China (2) 4 1 19 
Етапсе 2 21 Е Би 
Germany 117 1,470 3 112 
Malaysia 1 31 = -- 
| Other 1 11° (2) 25 
d Total 142 1,610 7 165 
2 Revised. — Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


“Less than У unit. 
“Мау include alloys. 
‘Content estimated from reported gross weight. 


"Includes bars and rods produced simply by sintering; excludes powders and waste and scrap. 


"Includes bars and rods other than those produced simply by sintering; profiles, plates, sheets, strip, and foil; wire; and other 


wrought products. 
"Includes only other tungstates. 


Source: U.S. Census Bureau. 
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ТАВГЕ 11 
U.S. IMPORTS FOR CONSUMPTION OF TUNGSTEN ORES AND CONCENTRATES, 


BY COUNTRY’ 
2010 2011 
Quantity, Quantity, 
tungsten content Value tungsten content Value 
Country of origin (metric tons) (thousands) (metric tons) (thousands) 

Bolivia 939 $18,500 866 $21,200 
Brazil o з 52 1,680 
Сапада 13 396 110 3,620 
Chile T H 14 460 
China 5 E 49 789 
Germany (2) 44 1 
Mexico SS 13 92 5 2: 
Mongolia 19 240 230 6, 
Тарс у ==: 519 12,500 429 ipe 
Potugl — 635 15,900 522 ~ 
Rwanda оо 79 1,290 11 "ne 
Spain 215 5.510 481 p 
Thailand —— 90 1,690 9] p 
Uganda 94 1,810 20 А 
United Kingdom — 36 554 12 2 
Vietnam о 88 1,400 750 22, - 
Bo ae 2,740 60,000 3,640 119,0 
qoM,  —— . 2 2.740 в ë bowo 1000 


-- Zero. 


"Рана are rounded to по more than three significant digits; may not add to totals shown. 
"Less than % unit. 


Source: U.S. Census Bureau. 


TABLE 12 д 
U.S. IMPORTS FOR CONSUMPTION OF AMMONIUM PARATUNGSTATE, BY СО 


Se ne a тт ы. eee С ЧА 
nee eae 


2010 - 
Quantity, Quantity, — 
tungsten content Value tungsten content à ands) 
Country of origin (metric tons) (thousands) (metric tons) (ток, 700 
(ШШ ысы MEE. GE MEE 
бету —— 55 1,700 113 psi 
Hong Kong 3 56 ~ 41 
Јарап =s 2» bs d 
United Kingdom (2) 13 Ж 939 
Vietnam 44 1,130 = 77,700 
Тога! — 350 540 _ 20% _ М 
"Раја аге rounded to no more than three significant digits; may not add to totals shown. 
"Less than % unit. 
Source: U.S. Census Bureau. 
oor! 
79.16 — ut 
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TABLE 13 
U.S. IMPORTS FOR CONSUMPTION OF FERROTUNGSTEN AND 
FERROSILICON TUNGSTEN, BY COUNTRY! 


2010 2011 
| Quantity, Quantity, 
tungsten content Value tungsten content Value 
Country of origin (metric tons) (thousands) (metric tons) (thousands) 
Australia 4 $110 -- -— 
China 304 9,320 184 $6,950 
France (2) 4 -- -- 
Luxembourg 15 535 -- - 
Netherlands 15 419 -- - 
Vietnam 19 634 22 1,020 


7,980 


ЕН „сылы OT оон ME 06020: 
Тога! 357 11,000 206 
-- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Less than % unit. 


Source: U.S. Census Bureau. 
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ТАВГЕ 14 
U.S. IMPORTS FOR CONSUMPTION OF MISCELLANEOUS TUNGSTEN-BEARING MATERIALS, 


BY COUNTRY’ 
2010 2011 
Quantity, Quantity, 
tungsten content Value tungsten content Value 

Product and country of origin __ (тегіс tons) (thousands) (metric tons) _(thousands)_ 
Tungsten metal powders: 
I l| =, лат ан 2 566 | $112 
Se ба S с зе пазе: 63 2,310 182 8,950 
woo re 249 8,390 292 15,700 
Germany _____________ 214 8,500 203 11,000 
“HongKong и ~ 13 14 
ее em c шщ 391 13,700 235 14300 
EO 2 мез Ар у= еен 49 3,370 92 5,910 
_Korea,Republicof —  — — 374 13,500 311 19,100 
Mexico a M 7 62 
_ Singapore а G) 2 15 1,050 

United Kingdom (3) 11 3 166 
RU NAM Ч У ю ма 
Оа Же ат „ч a 170 ' @) ы. 
Exo Мирина 1,340 50,000 1,370 78,200 
Tungsten carbide powder: 
Austria 14 483 48 3,030 

Belgium 44 2,010 32 1,700 
Canada t—<‘sS~—~S 116 5,920 246 13,500 
Cin . _ 961 34,100 654 40,000 
__Стесћ Republic _________ 49 2.540 51 4,890 
Finland => Т z А 4 214 
France |. 5 353 8 563 
Germany 127 8,040 166 15,400 
_HongKong ________ 16 595 8 581 
Linde EE e 3 148 7 508 
Lo. и У 156 5,600 75 4,320 
No C COMMA SENSE | 132 31 1,130 
Korea Republic of ________ 17 707 18 ја 
_ Luxembourg __________ 5 5> Ё 203 
Singapore _  _ == 5 77 = 51 
Ca es 42 1,360 22.200 
"a итак 47 2,120 333 9) 

Other (3) " 130° 10000 


] ЕНЕР... 
No ен Ya НИНА. Е. 
Тога] 1,610 64,500 1,690 


5 


Unwrought tungsten:^ ii РА 


Australia 3 48 75 
Austria 1 67 3 14,500 
o RADO ге =ч: 310 9,170 S 301 
Germany 2 210 : 263 
Singapore 17 724 : 280 
Sweden -- ы 5 359 
United Kingdom 1 48 T 619 
Vietnam -- x 65 
Other DNE Gum um o — 16500. 
Ж. С ЕЮ MON 335 10,400 
Waste and пр: —0000- 103 2,599 
Austria 120 860 30 708 
Canada 20 485 9 218 
Chile 12 286 317 9,440 
China pem 142 4,020 "m Pi 
€" a ВИНИЛ p ri 14 A 
Czech Republic 29 629 123 e 
Germany 170 2,930 12 a 
Hong Kong 37 1,010 156 i; 


India 47 Я EN 
ЗВУЦИ TN T. Mg e ME 


See footnotes at end of table. 
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TABLE 14—Continued 
U.S. IMPORTS FOR CONSUMPTION OF MISCELLANEOUS TUNGSTEN-BEARING MATERIALS, 


BY COUNTRY’ 
2010 2011 
Quantity, Quantity, 
tungsten content Value tungsten content Value 
Product and country of origin (metric tons) (thousands) (metric tons) (thousands) 
Waste and scrap— Continued: 
Japan 32 $702 74 $2,060 
Korea, Republic of 120 1,510 163 3,990 
Luxembourg 318 4,970 46 627 
Mexico 134 1,480 203 3,510 
Pakistan 50 782 =- -- 
Singapore 19 438 22 281 
Sweden (3) 13 39 956 
Switzerland 54 735 -- -- 
Taiwan 43 951 1 20 
Thailand 60 946 18 442 
United Kingdom 35 805 85 3,070 
Other 9T 233 ' 20 619 
Total 1,450 24,800 1,370 38,300 
Wrought tungsten” 6 
Austria 61 11,100 91 18,000 
Belgium 7 948 (3) 21 
Ching 568 24,100 559 35,700 
Czech Republic 5 3,370 (3) 339 
France 3 662 7 1,340 
Germany 9 1,550 23 3,600 
Hong Kong 5 424 3 376 
Hungary 8 1,550 6 1,090 
Japan 21 6,190 19 5,360 
Mexico 2 146 (3) 12 
Russia 10 1,140 20 2,270 
Singapore | 247 13 2,050 
South Africa 43 1,050 6 228 
Sweden 4 1,110 2 759 
United Kingdom 1 530 3 1,040 
Other 9° 1,730 ' 10 2,400 
Total 759 55,900 762 74,600 
Tungsten oxides: 
China 1,090 25,100 1,540 73,300 
Czech Republic 12 487 12 696 
Germany 8 263 4 147 
Hong Kong 32 782 T! = 
Israel 5 106 x т 
Јарап 2 2 39 1,720 
Киззја (3) 6 99 6,840 
Taiwan 16 420 ps -- 
Vietnam 48 1,560 115 5,420 
Other ‚озум г овас ие 
Total шю в 181088300 
Other tungstates: 
China 41 1,050 11 779 
Germany 141 3 234 
India 216 16 541 
Ireland 62 173 -- = 
Other (3)! 46 ' (3) 38 
Total 111 1,630 31 1,590 
Other tungsten compounds:' 
China 1 37 1 93 
Germany (3) 244 2 324 
щы ooo 4 vns s 1,530 
Russia x РЕ 2 86 


"Revised. -- Zero. 


1 
Data are rounded to no more than three significant digits; may not add to totals shown. 
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TABLE 14—Continued 
U.S. IMPORTS FOR CONSUMPTION OF MISCELLANEOUS TUNGSTEN-BEARING MATERIALS, 
BY COUNTRY! 
"LV НЕ 5l 
Мау include alloys. 
?Less than % unit. 
‘Content estimated from reported gross weight. 
*Includes bars and rods produced simply by sintering; excludes powders and waste and scrap. 
“Includes bars and rods other than those produced simply by sintering; foil, plates, profiles, sheets, and strip; wire; 
and other wrought products. 
"Includes tungsten chlorides. 


Source: U.S. Census Bureau. 
TABLE 15 
TUNGSTEN: WORLD CONCENTRATE PRODUCTION, BY COUNTRY"? 


(Metric tons, tungsten content) 


Lud e ER RAT. од a a l ee сы =н ИЦ 
Country’ 2007 2008 2009 2010 21 _ 
Australia 7 28 33 16 15 
Austria 1,117 1,122 887 9777 10 
Bolivia 1,107 1,148 1,023 1,204 1,124 
Brazil 537 408 192 ' 166 ' 170 
Burma’ 183 136 87 163 ' 130 
Burundi 144 125° 79° 107 ' 110 
Canada 2,305 2,277 1,964 420 1,967 
China^ 41,000 50,000 51,000 59,000 614% 
Congo (Kinshasa)" ' 600 ' 370 200 ' 25' T 
Korea, North®® 230 270 100 110 ү; 
Mongolia 245 142 39 20 9 
Peru’ 366 456 502 ae We 
Portugal 846 982 ' 823 ' 799 К 
Russia" 3,400 3,000 2,300 2,800 | pr 
Rwanda 920 670 450 390 497 
C CT башна! звало Qc MN CF die =. 150 ° 200 * 2 E 
Thailand 471 617 600 oun 10 
Uganda 86 ^ 50 * d = NA 
United States EE МА NA, ie 
Total 53,600 ' 62,000 * 60,500 ' 61,700 , 


“Estimated. "Preliminary. ‘Revised. NA Not available. -- Zero. 

'World totals and estimated data are rounded to no more than three significant digits; may no 
*Table includes data available through May 1, 2012. oduced from tin-tungsten 
Tungsten concentrates are thought to be produced in Mexico, Nigeria, Turkey, and Vietnam, and may be P velati) mining i 
ores in Kyrgyzstan, but information is inadequate to make reliable estimates of production. Illegal AE ^ E 
Phuoc Trung Commune of the Bac Ai District, Ninh Thuan Province in Southern Vietnam reportedly was па 
People's Committee in April 2008. 

Reported figure. 

‘Includes tungsten content of tin-tungsten concentrate produced by state-owned minin 
Based upon data published in the Yearbook of Nonferrous Metals Industry of China. 
"Production estimated based on reported exports from Nord-Kivu and Sud-Kivu Provinces. 
‘Production estimated based on Chinese imports. 

?Data based on production reported by Malaga Inc. 


t add to totals shown. 


ini ines. 
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By Désirée E. Polyak 


lomestic survey data and tables were prepared by Glenn W. Walker, statistical assistant, and the world production table 


5 prepared by Lisa D. Miller, international data coordinator. 
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п 2011, reported vanadium consumption іп the United 

tes was 5,120 metric tons (t) of contained vanadium, a slight 
rease from that of 2010 (table 1). The United States imported 
easured in vanadium content) 2,220 t of ferrovanadium 

У); 2,810 t of vanadium pentoxide (У,О,); 886 t of other 
ides and hydroxides of vanadium collectively valued at 

28 million (table 4). Total imports for consumption of these 
nadium materials increased by 7% from those of 2010. The 
еа States exported 314 t of FeV, 89 t of V,O,, and 254 t of 
лег oxides and hydroxides of vanadium collectively valued at 


— . в j 
г 3.8 million (table 4). Total exports of these vanadium-bearing 


' aterials decreased by 64% from those of 2010. 

^ Vanadium's primary use is as a hardening agent in steel, in 

? hich it is critical in imparting toughness and wear resistance. 

* sese properties are especially important in high-strength 

У w-alloy (HSLA) steels. Catalysts represented the leading 

А »nmetallurgical use for vanadium. 
-4 ‚ Secondary vanadium production from various industrial waste 
< taterials, such as vanadium-bearing fly ash, petroleum residues, 
ig iron slag, and spent catalysts, was the leading source of 

х L.S. vanadium production. A small amount of vanadium 
- ‘as obtained as a coproduct from the mining of uraniferous 
* andstones on the Colorado Plateau. Fewer than 10 firms, 
a rimarily in Arkansas, Ohio, Pennsylvania, and Texas, processed 
1 yaste materials to produce FeV, У,О;, and vanadium metal. 


~ 
[] 
e 


у "roduction 


v, The major vanadium commodities are aluminum-vanadium 


^ /naster alloys; FeV; vanadium-bearing ash, residues, and slag; 


M 


vanadium chemicals; and У.О, and other oxides and hydroxides 


< yf vanadium. In 2011, companies in the United States produced 


„АП of these materials with the exception of vanadium-bearing 


7 plag from the manufacture of iron and steel. Vanadium-containing 
"steels can be subdivided into microalloy or low-alloy steels that 


Ӯ 


_ generally contain less than 0.15% vanadium and high-alloy steels 
that contain as much as 5% vanadium. 
^ Uranium production from carnotite ores creates а 
vanadium-bearing waste solution that must be neutralized to fix the 
heavy metals before waste disposal. An alternative treatment is a 
circuit which extracts vanadium and produces М,О.. Denison Mines 
Corp. (Toronto, Ontario, Canada) owned the White Mesa uranium 
processing mill near Blanding, UT. White Mesa processed feed 
from Denison’s mine properties on the Colorado Plateau as well 
as uranium/vanadium ores purchased from independent miners. 
For every 0.45 kilogram (kg) of triuranium octoxide concentrate 
(yellowcake) produced, White Mesa’s vanadium coproduct 
recovery circuit produced approximately 1.8 kg of vanadium in the 
form of V,O,. The facility produced 590 t of У,О, in 2011, a 44% 
decrease from the 1,060 t of УО, produced in 201 0. According to 
the company, 1,800,000 pounds (lbs) (816 t) of У,О, was sold at 
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an average price of $6.21 per lb V,O,. Denison forecast vanadium 
production to be 272 t V,O, in 2012. The company was expected 
to process only nonvanadium ores at its facility until late 2012 
(Denison Mines Corp., 2012). 

In September, American Vanadium Corp. (Vancouver, British 
Columbia, Canada) announced the completion of a feasibility 
study for its Gibellini vanadium project in Eureka County, NV. 
According to the study results, annual production would be 
5,170 t of V,O, with a total capital cost of $95.5 million, including 
contingencies. In August, American Vanadium completed 
pilot-scale metallurgical tests on material from its Gibellini Mine 
that resulted in the production of V,O, and vanadium electrolyte. 
The company planned to use the resultant material to pursue deals 
with steel producers as well as partnerships and joint ventures 
with vanadium flow battery technology and manufacturing 
companies. American Vanadium announced that the mine could 
open in the next 18 months, depending on the completion of a 
bankable feasibility study and successful permitting through the 
Bureau of Land Management (Metal-Pages, 201 1a). 

Evraz Highveld Steel and Vanadium Ltd. (Moscow, Russia) 
announced a 20% increase in vanadium slag production in 
the fourth quarter of 2011 compared with production in the 
third quarter of 2011. The company attributed the increase to 
higher steel production in Russia and South Africa as well as 
more efficient vanadium production (Ryan’s Notes, 2012). 
Evraz comprises Evraz Highveld Steel and Vanadium in South 
Africa, Nikom in the Czech Republic, Strategic Minerals 
Corp. (Stratcor Inc.) in the United States and South Africa, 
and Vanady-Tula in Russia. Stratcor operated a facility in Hot 

Springs, AR, where vanadium ash, residues, and other raw 
materials are converted into vanadium alloys and vanadium 
chemicals used by the chemical, steel, and titanium industries. 
The main goal of Stratcor for 2011 was to reduce costs and to 
find additional sources of feedstock to satisfy the company’s 
requirements. Several alternative solutions for alternative 
feedstock were defined. The company also announced the 
development of a new specialty product—an electrolyte for 
vanadium redox batteries (Evraz Group S.A., 2012, p. 38). 
AMG Vanadium Inc., formerly Metallurg Vanadium Согр., 
installed a solar photovoltaic system at its spent catalyst recycling 
facility in Cambridge, OH. The solar system was expected to 7 
produce 230,000 kilowatthours of power, the amount of electricity 
consumed by about 20 to 25 homes for a year and was estimated 
to eliminate more than 200 metric tons per year (t/yr) of CO, 
compared to traditional fossil fuels. According to the company, 
AMG was the world’s leading recycler of spent refinery catalysts 
used to produce FeV and ferronickel-molybdenum for the carbon 
steel and stainless steel industries (AMG Vanadium Inc., 2011). 
The Vanadium Technology Partnership estimated that 
approximately 2,700 t/yr of vanadium was recycled from 


spent catalysts (Vanadium Technology Partnership, undated). 
Vanadium’s major end use was as an alloying element in iron, 
steel, and titanium-bearing alloys, from which it is lost to slag 
and usually not recovered when those metals are recycled. 


Consumption 


The U.S. Geological Survey (USGS) derived vanadium 
consumption data from a voluntary survey of domestic 
consuming companies. For this survey, more than 80 companies 
were canvassed on a monthly or annual basis. 

Metallurgical applications continued to dominate U.S. 
vanadium use in 2011, accounting for 93% of reported 
consumption. Nonmetallurgical applications included catalysts, 
ceramics, electronics, and vanadium chemicals. The dominant 
nonmetallurgical use was in catalysts. 

Most vanadium is consumed in the form of FeV, which is 
used as a means of introducing vanadium into steel, in which 
it provides additional strength and toughness. FeV is available 
as alloys containing either 45% to 50%, or 80% vanadium. The 
45%- to 50%-grade FeV is produced by silicothermic reduction 
of V.O, in slag or other vanadium-containing materials. Most of 
the 80%-grade FeV is produced by aluminothermic reduction of 
УО, in the presence of steel scrap or by direct reduction in an 
electric arc furnace. 


Prices 


In 2011, the annual average price for domestic FeV, as 
published in Ryan's Notes, ranged from $14.606 to 
$15.004 per pound of vanadium content, compared with 
$14.155 to $14.688 per pound reported in 2010. In 2011, the 
European annual average price for FeV, ranged from $28.533 to 
$29.273 per kilogram, compared with $29.811 to $30.817 per 
kilogram in 2010. The Ryan's Notes published annual average 
price for domestic V,O, ranged from $6.563 to $6.960 per pound 
in 2011, compared with $6.285 to $6.636 per pound in 2010. 


World Review 


A large majority of the world's supply of vanadium was derived 
from mined ore, either directly as mineral concentrates derived 
from vanadiferous titanomagnetite (VTM) or from steelmaking 
slags, where the steel has been produced from VTM. Five 
countries recovered vanadium from ores, concentrates, slag, or 
petroleum residues (table 7). The leading vanadium-producing 
nations remained China, Russia, and South Affrica. Japan and the 
United States were thought to be the only countries to recover 
significant quantities of vanadium from petroleum residues. 

World vanadium reserves, at more than 13 million metric 
tons (Mt), are sufficient to meet vanadium needs into the next 
century at the present rate of consumption. Increased recovery 
of vanadium from fly ash, petroleum residues, slag, and spent 
catalyst is not taken into account and is expected to extend the 
life of the reserves significantly. 

Australia.—Atlantic Ltd. (Perth, Western Australia) 
announced that it made strong progress on the funding, 
construction, and development of its Windimurra vanadium 
project in Western Australia. The primary, secondary, and 
tertiary crushers of the crushing, milling, and beneficiation 
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|, 


plant circuit were wet commissioned in September ши 
completion of construction, expected їп early 2012, Wai 
was expected to ramp up to a capacity of 6,300 tyr of cutag 
vanadium (Atlantic Ltd., 2011, p. 14-15). | 

Brazil.—Largo Resources Ltd. (Toronto) announced ва 
its Maracas vanadium project has been fully licensed for 
construction, which was expected to commence in Мач! 
The company set a production target for the summe of 1 | 
with expected production of 5,000 t/yr of Fev. The Mar 
property is located 813 kilometers northeast of Brasilia 
(Largo Resources, 2011). 

Canada.—A pella Resources Inc. (Vancouver) owned 


two vanadiferous magnetite deposits in Canada—the lol | 
Lac Dore vant 


Dore project is an advanced vanadium project and was el! 
to be the leading vanadium deposit in North Ame 
second ranked in the world (Apella Resources, 20110). н 
was expected to continue exploration and development ot 
Lac Dore project in 2011. Simultaneously, Apella was E 
to complete a feasibility study of its Iron-T vanadium и 
which was expected to take 12 to 18 months at а cost 01 
$18 million (Apella Resources, 201 1a). | 
Степа. —Тће Chinese vanadium industry ШЕ, 
feel pressure from niobium, particularly in HSLA stees. 
additive amount of niobium in steel production 5 only " 
one-half of that of vanadium, so every 3,000 t of Тетово 
can substitute as much as 7,000 t of 50% grade FeV 
(Metal-Pages, 2010). The substitution of ferroniobium 
is only economic at very high vanadium it sail 
China’s exports of FeV increased 14% to 6,7 и 
according to official customs data. China's гал ikd 
destinations were the Netherlands (2,690 0) the | " 
Korea (1,253 t), Japan (1,209 t), Taiwan (898), 4 
(358 t) (Metal-Pages, 2012). 
India.—Vedanta Aluminium 
using internally developed technology 
effluent red mud from its alumina refinery p је 00 tof 
Orissa. The company announced that it us anime V 
to 18% grade V. O, in June, and was oar (Metal Pages 70110) 
production for the remainder of the ye PV. О, іста 3 
Ларап.— т 2011, J арап 5 imports » А 2 ol 0, 020 | 
2,011 t V,O, pi че» жые 4 s+ FeV compl wi 
's 1 eV inc , ease 
Japan’s imports of jae V pro decr 


duction 
in 2 
3,980 t FeV in 2010, down from ^. 


роне! 


Ltd. (Mumbai) announced it ws 
to recover vanadium 
roject at [гапи 


90 t FeV 10 
2011). 


Madagasc 
that it signed a formal agreem 
Mineral Projects, an a Oe 
management company, to develop n the jo ‹ 
project in Madagascar. Since ane a 
2007, Energizer had spent more Е Га 
and development of the project. 
indicated resource of 49. 
based on drilling of only 2 
identified to date (Energizer 


at 
P e of 
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ссога пр to the company, the Green Giant vanadium 
E me is a sedimentary-hosted deposit, in contrast to most 
~ , adium deposits that are magnetite hosted. As a result, the 
о “allurgical process for the Green Giant vanadium would 
Rogo Afferent from that used by other vanadium producers. The 
‚Те КШ ye characteristics of the Green Giant vanadium would allow 
5 1сотрапу to produce а high-purity V,O,, which is required 
T7 Slattery power and in battery storage for both automotive and 
1 ^^ Ye-scale applications. FeV, which is the usual end product 
hy magnetite-hosted deposits, can only be used for steel 
| ‘lications (Energizer Resources Inc., 2011). 
221 Russia.—Evraz announced that all of its vanadium facilities 
x isbrated at 100% capacity. Continued improvement and 
т. 12 Mmdardization of the company's manufacturing performance at 
^x; \ст!та2'5 newly acquired Vanady-Tula refinery in 2010-11 led to 
zz z::Vincrease in V,O, production capacity of 7% compared with 
pat of 2010. In 2011, Vanady-Tula’s production capacity was 
-: ty, 4,500 t/yr of V,O, and up to 7,100 t/yr of FeV (Evraz Group 
primi, 2012, р. 40). 
| s- zF or 2011, Evraz’s slag output of 20,741 t was about the same 
ДР in 2010. Evraz’s FeV production in 2011 increased by 24% 
+. 4 16,708 t compared with 13,507 t of FeV produced in 2010 
Е . yan's Notes, 2012). 
7... 5 South Africa. —Xstrata plc (Zug, Switzerland) announced 
udi ..at its Rhovan vanadium facility, 30 km northwest of Brits, 
— _goduced 1,790 t of FeV in 2011, an 8% decrease compared 
~~ ith 1,960 t of FeV produced in 2010. The facility produced 
-> „540 t of VO, in 2011, a 4% decrease compared with 9,920 t of 
^7 440, produced іп 2010 (Xstrata plc, 2012, p. 97). 
ne Vametco Alloys (Brits) (a division of Stratcor), improved 
= roduction efficiency at its Vametco plant by optimizing the 
= их of vanadium ore and vanadium slag to process feed. 
2 everal projects designed to reduce atmospheric emissions 
x -yere implemented. Operational improvements in 2011 allowed 
.5* Jametco to increase V,O, production by 5% compared with 

. hat of 2010. Vametco's primary end product was Nitrovan 
: Vranadium, a specialty vanadium-nitrogen alloy, which, 
x ‘According to the company, strengthens steel more efficiently 
һап FeV (Evraz Group S.A., 2012, р. 38). 


„Outlook 


КА 3 • Й А 
^] Vanadium consumption is heavily influenced by steel production, 


4 


| pigh-strength steel grades in particular. In 2011, vanadium benefited 
„Жош an improvement in the global economy and a consequent 


i improvement in the demand for steel. High-strength steels are 

i increasing їп use as the construction, energy, and transportation 

. industries seek to maximize the strength and minimize the weight 
; ) of their products. Other end-use industries for vanadium also show 
4 potential growth. Aerospace applications are rapidly expanding, and 
", vanadium consumption has been increasing with the introduction 


Pcl 


Á of the next generation of commercial aircraft. The quest for fuel 
4 4 efficiency is key in the aerospace industry but also extends to 

у | automobiles, high-speed drilling, powerplants, and rail cars. 
Vanadium is becoming more widely used in green technology 
| j applications, especially in battery technology. One battery 
technology showing continued promise in stabilizing energy 

, distribution in renewable systems is the vanadium redox 


/ battery (VRB), which consists of an assembly of power cells 
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in which two vanadium-based electrolytes are separated by 

a proton exchange membrane. The main advantages of the 
VRB are that it can offer almost unlimited capacity simply by 
using sequentially larger storage tanks, can be left completely 
discharged for long periods of time with no ill effects, can be 
recharged by replacing the electrolyte if no power source is 
available to charge it, and suffers no permanent damage if the 
electrolytes are accidentally mixed (Johnstone, 2008). The 
VRB has also been shown to have the lowest disturbance to the 
environment of all energy storage technologies. 

Another emerging technology is the use of lithium-vanadium 
phosphate or fluorophosphate cathodes and lithium-vanadium 
oxide anodes in rechargeable lithium batteries. These batteries 
exhibit much improved safety compared with the more generic 
lithium-cobalt oxide type cathodes seen in cellular telephone or 
laptop batteries, which have higher operating voltages and higher 
rates of energy storage. The vanadium phosphate cathode material 
can support 2096 more energy storage than the conventional 
cobalt oxide, as much as 2696 more than iron phosphate, and 
5696 more than manganese oxide. However, in order for such 
a battery to be practical, the cost of the battery is key. Subaru 
(owned by Fuji Heavy Industries Ltd.) has unveiled a prototype 
of its G4e electric car, powered by lithium-vanadium phosphate 
batteries. This concept car has a 200-km range that is provided by 
a relatively small vanadium phosphate battery pack, double what 
its earlier Rle concept car could achieve (Hykawy, 2009). 

Nissan Motor Company Ltd. announced in November that in 
conjunction with Kansai University in Japan, it had developed 
a car charger that can charge the batteries of its Nissan Leaf 
and the Mitsubishi iMiEV in a record time of 10 minutes. The 
interior electrode of the capacitor in the battery was changed 
from carbon oxide to tungsten oxide and vanadium oxide. This 
improved the power charge dramatically with no negative or 
significant effect on the batteries storage capacity or voltage. 
According to some analysts, commercialization of this 
technology could take up to a decade (Curtis, 2011). 

The outlook for the vanadium market in 2012 appears to 
be strong. Increasing steel demand, projected through at least 
2015, mandates for higher quality steel in emerging markets, 
and the potential for a whole new battery market were expected 
to contribute to increased vanadium consumption (World Steel 


Association, 2011). 
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TABLE 1 
SALIENT VANADIUM STATISTICS! 


(Metric tons of contained vanadium, unless otherwise specified) 


и "Cm eee 
2007 2008 2009 um NE 
United States: 1.060 
Production, ore and concentrate, recoverable vanadium? -- НЕ: EE TONNEN 
Consumption, reported 4,970 5,170 4890... oet 
Imports for consumption: 1.340 t 
Ferrovanadium 2,220 2,800 а. 2 
Vanadium pentoxide (anhydride) 2,390 3,700 l, a || „ш 
Other oxides and hydroxides of vanadium 42 144 ME MEE go. ш 
Ash and residues? 1,000 Lb. 1... = == 
Exports: 1 Ee 
коо 206 452 МЕ БН ве - 
Vanadium pentoxide (anhydride) 327 ee „шш 
Other oxides and hydroxides of vanadium 626 1,040 RENE. ee 
Stocks: BL ascen 
Ferrovanadium 253 229 cu MUS, 
Oxide 22 c mes RE. 
Other* 49 ______ %® MATT a mA a 
World, production from ore, concentrate, slag” 58,500 56900... . Ба аера 
"Estimated. "Revised. -- Zero. LOO 
‘Data are rounded to no more than three significant digits. | dstones. Source: Denison Mines 
?In 2008, Denison Mines Corp. began producing vanadium as a coproduct from mining uraniferous san 
Web site. nadat 
? Ash and residues from the manufacture of iron and steel. g ammonium meta 
|, an 


.,. > С dium meta 
‘Consists principally of vanadium-aluminum alloy, small quantities of other vanadium alloys, vana 
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TABLE 2 
U.S. CONSUMPTION OF VANADIUM, BY END USE AND FORM! 


(Kilograms of contained vanadium) 


End use: 
Steel: 
Carbon 
Full alloy 
High-strength low-alloy 
Stainless and heat resisting 
Tool 
Total 
Cast irons 
Superalloys 


Alloys (excluding steels and superalloys): 


Welding and alloy hard-facing rods and materials 
Other alloys” 


Chemical and ceramic uses: 
Catalysts 
Pigments 

Miscellaneous and unspecified 
Grand total 

Form: 

Ferrovanadium 

Other’ 
Total 


W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous 


and unspecified.” 


'Data are rounded to no more than three significant digits; may not add to totals shown. 


"Includes magnetic alloys. 


2010 


843,000 
2,030,000 
W 
120,000 
W 
2,990,000 
W 

9,230 


W 
W 


W 
W 
2,030,000 
5,030,000 


4,210,000 
818,000 
5,030,000 


2011 


677,000 
2,120,000 
W 

61,500 

W 
2,860,000 
W 

15,300 


W 
W 


W 
W 
2,240,000 
5,120,000 


4,240,000 
882,000 
5,120,000 


>Consists of vanadium-aluminum alloy, vanadium pentoxide, quantities of other vanadium alloys, 


vanadium metal, and ammonium metavanadate. 
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TABLE 3 


U.S. IMPORTS AND EXPORTS OF ALUMINUM-VANADIUM MASTER ALLOY 
AND VANADIUM METAL, INCLUDING WASTE AND SCRAP! 


Imports for consumption: 
2010 


Aluminum-vanadium Vanadium metal, including 


master alloy waste and scrap 
Quantity, Quantity, 
gross weight gross weight 
(kilograms) Value (kilograms) Value 


951,000" $2,180,000 * 9,660 $434,000 


2011: 
Belgium 15,000 106,000 -- - 
Canada 6,890 47,000 -- -- 
China 92,600 555,000 550 298,000 
Egypt 5 3,200 - -- 
_ France 201 6,890 -- e 
Germany -~ 2 43,200 1,630,000 
Мехісо 119,000 288,000 -— ES 
Netherlands 14,600 95,400 – = 
United Kingdom 29,500 109,000 100 3,430 
Total 278,000 1,210,000 43,900 1,930,000 
Exports: 
2010 1,190,000 6,500,000 21,300 675,000 
2011: 
Brazil 11,500 300,000 -- = 
Сапада 394,000 1,060,000 2,500 84,300 
Chile 1,360 19,500 са = 
China 25,900 169,000 -- Ж 
Colombia > — 14,500 309,000 
. Czech Republic 742 3,840 == -- 
Hong Kong 255 7,500 -- ^ 
India 73,900 708,000 -- E 
Israel 7,150 104,000 -- i 
Italy 7,010 80,100 -- = 
Јарап 66,400 1,470,000 66,700 2,310,000 
Korea, Republic of 15,100 216,000 8,680 369,000 
Macao 20,000 55,300 = = 
Malaysia 2,240 29,200 2n "А 
Мехісо 62,100 204,000 = + 
New Zealand 4,390 33,000 € P 
Panama 476 6,180 == T 
Philippines 664 4,640 ES = 
Poland 3,850 50,000 3 Е 
Saudi Arabia 414 5,390 © M 
Singapore 1,020 13,200 = = 
Taiwan 37,400 125,000 = is 
Trinidad and Tobago 107,000 611,000 = ў 
Turkey 280 3,780 d 
United Kingdom 61,00 1,550,000 9,360 266,000 
Vietnam __ 1550 - MEUUO ee 


"Revised. -- Zero. 


"Data are rounded to no more than three significant digits; may not add to 


totals shown. 


Source: U.S. Census Bureau; data adjusted by the U.S. Geological Survey. 
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TABLE 4 
Чал U.S. IMPORTS AND EXPORTS ОЕ FERROVANADIUM, VANADIUM PENTOXIDE (ANHYDRIDE), AND 
4 OTHER OXIDES AND HYDROXIDES OF VANADIUM! 


: Vanadium pentoxide 


sa Ferrovanadium (anhydride)? 
Quantity, Quantity, 
V content V content 
» (kilograms) Value (kilograms) Value 

MN Imports for consumption: 
ря 2010 1,340,000 541,100,000 4,000,000 $53,700,000 

ee 2011: 

Austria 591,000 16,400,000 15,000 234,000 
Brazil 54,900 1,000,000 ~ -- 
За Сапада 761,000 22,200,000 5,880 48,200 

Е China -- -- 580,000 10,400,000 

| Czech Republic 186,000 4,930,000 == -- 

sg Germany 2,090 196,000 1,200 59,900 
T India 3,600 203,000 -- - 

Korea, Republic of 621,000 19,600,000 -- — 
Е Russia — — . 1,200,000 14,100,000 

= South Africa -= -— 881,000 17,600,000 

d Taiwan " = 117,000 3,430,000 
| Total 2,220,000 64,600,000 2,800,000 45,800,000 

E Exports: 

2010 611,000 18,100,000 140,000 2,020,000 * 
f 2011: 

у Austria -- ~ -- -- 
- Brazil 17,400 424,000 54,400 774,000 
. Сапада 194,000 6,100,000 -- — 
3 China = 55 2 та 

Columbia 1,080 46,000 -- -- 
Germany -- -= 279 5,560 
India 32,800 800,000 421 4,000 
Japan E = E Bs 

| Korea, Republic of 17,900 967,000 — a 
| Mexico 22,600 768,000 3,560 87,400 
| Netherlands 10,200 300,000 5,000 83,800 

Peru 3,620 161,000 -- == 
Saudi Arabia -- -- 12,700 238,000 
Singapore == — 950 16,800 
Spain -- -- 8,700 134,000 
Trinidad and Tobago -- -- 2,720 60,000 
United Arab Emirates 14,700 411,000 -- = 
United Kingdom -- -- 45 3,040 

Total 314,000 9,970,000 88,700 1,410,000 


"Revised. -- Zero. 
Date are rounded to no more than three significant digits; may not add to totals shown. 
May include catalysts that contain vanadium pentoxide. 


Source: U.S. Census Bureau. 
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Other oxides and 


Quantity, 


V content 


(kilograms) 


hydroxides of vanadium 


Value 


167,000 — $3,330,000 


126,000 


760,000 
886,000 
1,100,000 


16,000 
22,500 

1,700 
17,700 


42,700 
899 
1,750 
95,800 
54,500 


436 
254,000 


3,360,000 


14,100,000 


17,400,000 
10,600,000 


142,000 
222,000 

26,100 
267,000 


435,000 
8,000 
29,400 
774,000 
485,000 


3,880 
2,390,000 


80.7 


80.8 


ТАВГЕ 5 


1,2 
U.S. IMPORTS FOR CONSUMPTION OF VANADIUM-BEARING ASH AND RESIDUES 


2010 2011 
Quantity, Quantity, 
V,0;° content V20s content 
Country (kilograms) Value (kilograms) Маше - 
Сапада 89,800 69,800 1,300,000 bes 
Mexico 361,000 5,190,000 7,580 M 
Saudi Arabia 6,090 31,200 62,200 459, j 
Trinidad and Tobago 15,400 4,710 ; к КҮ; 
United Kingdom E = › 570,000 
Total 521,000 5,570,000 1,420,000 1» 
-- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
? Ash and residues from the manufacture of iron and steel. 
О. vanadium pentoxide. 
Source: U.S. Census Bureau. 
TABLE 6 Anise 
U.S. IMPORTS FOR CONSUMPTION OF MISCELLANEOUS VANADIUM CHEMI 
виса ie | a е ыс сє 
Quantity, Quantity, 
V content V content aid 
и 
Material and country (kilograms) Value (kilograms) = 
Sulfates: fa 
ме. i. Nr ERES 
Austria 1,180 $24,000 = 
Belgium Ба ха 18,900 graat 
China 46,400 575,000 23,100 UE 
E cari is RR ee 
Germany 600 8,860 > 
E йы ыйыы: n Н 144 a 
т: EE = 48,200" 608,000" 42,200 ; 
аа e 
Vanadates: 
000 
Austria 410 13,700 TUR 1 ge 
T————————M——M—— 5 
China 25,600 887,000 46,600 12.000 
Germany 61,700 1,990,000 7,790 Ae 50 
тее ——_—®—_————_.. , 
India 390 7,790 99 2.610 
Japan 214 44,000 49 i ‘000 
Netherlands = E 5,620 "S 00.000 
South Africa 69,500 1,100,000 224,000 "47.00 0 
Taiwan 293 10,200 12,000 ; ҮКТҮҮ, 0 
—— R——— MZ | 
Тога! 158,000 4,050,000 303,000 
Wks eee 
Revised. -- Zero. 
'Data are rounded to no more than three significant digits; may not add to totals shown. 
"Comprises vanadium ore and miscellaneous vanadium chemicals. 
Source: U.S. Census Bureau. 
RALS YEAR? 
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TABLE 7 
CULE VANADIUM: ESTIMATED WORLD PRODUCTION, BY COUNTRY"? 


| (Metric tons, vanadium content) 


AY ај 
ош Country 2007 2008 2009 2010 2011 
‚= , Production from ores, concentrates, slag? 
41 Сша" 19,000 20,000 21,000 22,000 23,000 
за — Kazakhstan 1,000 1,000 1,000 1,000 1,000 
+ Russia 14,500 14,500 14,500 15,000 15,200 
ci: South Africa 23,486 > 20,295 ° 14,353 ? 22,606 “° 22,000 
. United States - 520 230 1,060 590 
E Total 58,000 56,300 51,100 61,700 ' 61,800 
Та: Petroleum residues, ash, and spent catalysts, Japan' 560 560 560 560 560 
^ .— Grand total 58,500 56,900 51,600 62,200 ' 62,400 
"Revised. -- Zero. 
! World totals and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
?In addition to the countries listed, vanadium is also recovered from petroleum residues in Germany and several other European countries, but 
available information is insufficient to make reliable estimates. Table includes data available through May 2, 2012. 
Production in this section is credited to the country that was the origin of the vanadiferous raw material. 
‘Estimated 40% of vanadium recovered from vanadiferous slag. 
5Reported figure. 
Source: Denison Mines Corp. Web site. 


бр 2008, Denison Mines Corp. began producing vanadium as a coproduct from mining uraniferous sandstones. 


"Production in this section is credited to the country where the vanadiferous product is extracted; available information is inadequate to permit 


crediting this output back to the country of origin of the vanadiferous raw material. 
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VERMICULITE 


By Arnold О. Tanner 


mestic survey data and tables were prepared by Raymond I. Eldridge ITI, statistical assistant, and the world production 
was prepared by Lisa D. Miller, international data coordinator. 


2011, the domestic vermiculite industry continued to 

‘er from the economic recession of 2008—09 with a slight 
ase in vermiculite concentrate production, following a 
antial increase in 2010 from that of 2009. Reportable 

»stic production of vermiculite concentrate in 2011 

ined at an estimated 100,000 metric tons (t), which was 
ded to the nearest 100,000 t to avoid disclosing company 
rietary data. Worldwide vermiculite production was about 
000 t in 2011, a slight decrease from that of 2010. About 
00 t of exfoliated vermiculite was sold or used in the United 
əs in 2011, down from 73,000 t in 2010. U.S. exports of 
niculite were estimated to be approximately 2,000 t, about 
same as in 2010, and U.S. imports were estimated to be 

100 t, 83% more than those of 2010 and slightly more than 
average imports of the previous 5 years (tables 1, 3, and 4). 


islation and Government Programs 


1 September, a Montana court approved a negotiated $43 

lion settlement for those affected by asbestos exposure from 
former W.R. Grace & Co. vermiculite mine in Libby, MT, 
owing several decades of investigation and a decade-long 

al proceeding. Once the largest vermiculite mine in the 

rld, the Libby Mine was closed in 1990. The vermiculite 
vosit in and around Libby contained asbestos. More than 70% 
the vermiculite used domestically during more than eight 
cades, especially as home insulation, came from the Libby 

ine. More than 1,300 people were expected to receive payouts 

m the settlement, the large majority of which were to receive 
tween $22,000 and $61,000 each in exchange for releasing the 

ate and various State agencies from future claims related to 

2 Libby Mine (Berkowitz, 2011; Carswell, 2011). 


roduction 


Vermiculite is a hydrated magnesium-aluminum-iron 

licate; flakes of raw vermiculite concentrate are mica-like 

| appearance, contain water molecules within their internal 
ructure, and range in color from black to various shades 

f brown to yellow. When the flakes are heated rapidly to a 
‘mperature of 900 °C or higher, the water flashes into steam, 
nd the flakes expand into accordion-like particles, which 

re gold or bronze in color. This expansion process is called 
xfoliation, and the resulting lightweight material is chemically 
nert, fire resistant, and odorless. Two U.S. producers accounted 
or all domestic crude vermiculite production. Virginia 
vermiculite LLC mined and processed vermiculite concentrate 
it its operation in Louisa County, VA, and Grace Specialty 
vermiculite (subsidiary of W.R. Grace & Co.) did the same at 
ts operations at Enoree and Woodruff, SC. Domestic production 
sold or used) data for vermiculite were collected by the U.S. 
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Geological Survey (USGS) from two voluntary canvasses— 
one for mine-mill (concentrator) operations and the other for 
exfoliation plants. Production data for nonrespondents were 
estimated based upon previous years’ reported production levels. 
Vermiculite concentrate was shipped to exfoliating plants 
for conversion into the expanded lightweight products. The 
output of about 70,000 t of exfoliated vermiculite sold or used 
by producers was valued at $42.9 million in 2011. Although 
output was down slightly from 73,000 t in 2010, the average 
unit value increased in 2011 (table 1). Exfoliated vermiculite, 
from domestic and imported vermiculite concentrate, was 
produced by 15 companies operating 18 plants in 11 States 
(table 2). Of the 18 exfoliation plants, 11 responded to the 
annual canvass, representing 50% of the estimated sold or used 
exfoliated vermiculite tonnages listed in tables 1 and 3. States 
that produced exfoliated vermiculite were, in descending order 
of estimated output sold or used, New Jersey, South Carolina, 
Pennsylvania, Arizona, Florida, Massachusetts, Arkansas, 
Illinois, Ohio, New Mexico, and Texas. 


Consumption 


Vermiculite has a wide range of uses because of its various 
attributes including fire resistance, low thermal conductivity, 
high liquid absorption capacity, inertness, and low density | 
(table 3). In lightweight aggregate applications, vermiculite is 
used in general building plasters and concrete products for its 
lightweight and good thermal insulation properties, alone or 
combined with other lightweight aggregates such as perlite. 
Special plasters include fire protection and soundproofing 
through products in which vermiculite is combined with 
a binder, such as gypsum or portland cement, fillers, and 
specialized additives (Roskill Information Services Ltd., 2004, 
p. 103). Vermiculite can absorb liquids, such as fertilizers, 
herbicides, and insecticides, which can then be transported as 
free-flowing solids. 

As insulation, exfoliated vermiculite, sometimes treated with 
a water repellent, is used to fill pores and cavities in masonry 
construction and hollow blockwork to enhance acoustic 
properties, fire rating, and insulation performance. Finer grades 
of exfoliated vermiculite, combined with potassium or sodium 
silicate, are used to produce insulation shapes. The ability of 
vermiculite-base insulation shapes to resist attack by molten 
aluminum makes them especially useful as secondary insulation 
in the aluminum production process (Roskill Information 
Services Ltd., 2004, p. 112). 

In horticulture, exfoliated vermiculite improves soil aeration 
and moisture retention. When vermiculite is mixed with peat 
or other composted materials, such as pine bark, the resulting 
product provides a good growing medium for plants. As a soil 
conditioner, exfoliated vermiculite can improve the aeration 


of “sticky” soils (containing clay) and the water-retention 
characteristics of sandy soils. This allows for easier watering 


and reduces the likelihood of compaction, cracking, and crusting 


of the soil. Vermiculite is used in the fertilizer and pesticide 
market because of its ability to act as a bulking agent, carrier, 
and extender (Roskill Information Services Ltd., 2004, 

р. 108-109). 

Other uses include refractory-insulation gunning and 
castable mixes and vermiculite dispersions. Finer grades of 
exfoliated vermiculite are used to partially replace asbestos 
in brake linings, primarily for the automotive market (Roskill 
Information Services Ltd., 2004, p. 112-1 13). 


Prices 


Published prices for vermiculite serve only as a general guide 
because of variations in application, quantity, source, and other 
factors. U.S. domestic prices for vermiculite concentrate, 
ex-plant, largely dependent on grade sizing, ranged from $115 
to $460 per metric ton in 2011, an increase from that of 2010 
when prices ranged from $100 to $400 per ton. The value of 
imports into the United States, mostly coarser grades, f.o.b. 
(free on board) barge Gulf Coast port, substantially increased 
by mid-year 2011 to range from $440 to $900 per ton, up from 
$360 to $485 per ton in 2010 (Moeller, 2011; 2012). Whereas 
vermiculite prices rose worldwide, the largest price spikes were 
for vermiculite sourced from South Africa because of higher 
demand and a global shortage in coarse grades (Elliott, 201 1a). 
Coarser grained vermiculite with greater thermal expansion 
commands a higher price, but virtually none is produced in the 
United States. 

The average unit value of U.S. exfoliated vermiculite sold or 
used by producers, using actual and estimated data, was about 
$610 per ton in 2011, an increase of 8% from about $564 per 
ton in 2010; this was a composite value that included exfoliated 


vermiculite produced from both U.S. and imported concentrate 
(table 1). 


Foreign Trade 


Trade data for vermiculite concentrate аге not collected 
as a separate category by the U.S. Census Bureau but are 
included within the category “vermiculite, perlite, and chlorite, 
unexpanded” under Harmonized Tariff Schedule of the United 
States code 2530.10.0000. Trade data in this report are from 
PIERS, a U.S. trade database compiled by the Journal of 
Commerce (United Business Media Global Trade, 2012). 
Total U.S. exports of vermiculite in 201 lof about 2,300 t were 
shipped with the United Kingdom receiving 70%; Honduras, 
about 20%; and Latvia, about 3%, with the remainder to several 
other countries. Total U.S. imports of vermiculite—crude, 
concentrate, and exfoliated—(excluding any material from 
Canada and Mexico) were estimated to be about 53,000 t 
the majority of those coming from China with about 46%: 
South Africa, 35%; and Brazil, 14%. Concentrates of ОНА 
particle size from higher yielding deposits, which have been 


increasingly less available in recent years, are imported | 
from China and South Africa, |. 


World Review 


Demand for vermiculite continued to increase plobal 
2011, especially for the coarser grades, which were ne 
in shorter supply in recent years. Prices began to nse 
mid-2011 because of increased demand. New operation 
ramping up production in Brazil and Uganda were expel 
help reduce global supply shortages, mostly medium nsi | 
grades from Brazil and significant percentages of mediunt 
premium coarse grades from Uganda (Elliott, 20125). 

Brazil.—tIn 2011, Brasil Minérios Ltd. produced neatly 
70,000 t of vermiculite at its 540 Luis De Montes Belos а 
near Goiânia in central Brazil. Minérios exported 60h di 
product; 40% of the company's exports went to North Anm] 
By upgrading its processing technologies, > c 
increased production by 20% and produce an a 
clean product at reduced costs. With estimated reserves 
1.2 million metric tons (Mt) of vermiculite ore, the aad 
planned to increase production capacity to К 5 in 
per year (t/yr) of vermiculite in 2012 (Elliott, 20 19 М 

Near Brasilia in Catalão, Goiás State, Brasil м г 
the mining rights to huge vermiculite deposits, on 
estimated vermiculite ore reserve of 2 Mt eie Mix 
company planned to begin production at the nd " 
reach production capacity of 20,000 Ur by? ee 
t/yr in 2016, bringing Brasil Minérios' total pro e 
including the Sáo Luís Mine, to 200,000 t/yr in 
(Elliott, 2011d; 2012а, b). 

China.—Late in 2011, Imerys ta 
Vermiculite Co. Ltd. resumed T 
Xinlong Mine (Xinjiang Province) 10 
of venti paran during 2010 as part of : P xd 
group restructuring (Elliott, 2012b). e rici 
Vermiculite Co. produced about 80,000 t o i "m 
and was expected to increase production to 4 
2012 (Elliott, 2011e). | 

pe Africa.—In 2011, South Africa S. is 
producer and exporter of vermiculite, one ҮҮ T 
3196 of estimated world production of d roduced i i 
2000-10, on average, 88% of the ү А siii | 
Africa was exported (Directorate Minera bon Mining 

From its mine in Limpopo Province, e e oris | 
Ltd. (a member of Rio Tinto plc) manage Mining rep 
developed vermiculite reserves. Palabora 
165,000 t of vermiculite production in cand fo thw 
of 2010, owing to wet weather 1n the n гоу 
reduced ore feed grades, and various a i 
(Palabora Mining Co. Ltd., 2012, pus ї 
all grades of vermiculite—large, me а ав an 
Palabora's South African deposit have de о grained gl 
production of sufficient quantities of с was bee 
meet the substantially increasing WO! $ У ; 
increasingly challenging for the comp? а on nearby propt 
(Elliott, 2011d). Palabora began а proe TA 


t 

: vermiculite , 
which could as much as double its wes еу! fied 
production. With the inclusion of Pala 4« current ® 


А кн. exceed ! 
reserves, the mine may significantly 


== 


› (Paris, France) Хип 
ons at the company 
llowing the curtailrd 


world's loi 
for about 
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t2 
p. 


ML > ~ пп ot > ов 


year mine life, based on recent average production of about 

‚000 t/yr (Elliott, 2012a). 
“t LY ganda.—Gulf Industrials Ltd. (Sydney, Australia) 
76 и пџед to increase production at the East African Namekara 
pem "Immiculite deposit, as part of the company's larger East African 
Y ramiculite Project (EAVP) in eastern Uganda. The EAVP 
ті about 55 Mt of inferred resources, including significant 
w a7 ntities of coarse and medium grades of about 30% each. 
: трап owing to a newly installed drier system, the company 
s = z;reased production capacity from 4,000 t/yr of raw vermiculite 
ic ncentrate in 2010 to about 18,000 t/yr in 2011 and anticipated 
тв Jching the company's nameplate production capacity of 
zz 1000 t/yr during 2012 (Elliott, 2011b). 
~ Ulf Industrials also planned to increase production capacity 
2 80,000 t/yr at Namekara by adding a 50,000-t/yr plant by 
* рэ 4. Gulf Industrials was working to improve transportation 
sh і related infrastructure, negotiating a mining agreement with 
+ ; „руепитеп! of Uganda, and stabilizing its supply of electricity. 
} : _ 1 of Namekara's product was transported by truck in 2011, but 
me. company was planning to integrate road transport with that 
: ET rail. The Rift Valley Railways Consortium was working to 
а nage and upgrade the railways of Kenya and Uganda 
== Шон, 2012b). The Namekara deposit has sufficient resources 
= ү more than 50 years at planned rates of production. Dupres 
T+" jnerals Ltd. was under contract to market and distribute 
i "amekara's vermiculite through 2034 (Proactive Investors 
= ‘ustralia, 2010; Gulf Industrials Ltd., 2011, р. 2-4). 
"oe 

utlook 

x r While increased demand and tight supplies for coarser grades 
~. £ vermiculite continued globally, and new and expanding 
7. perations continued ramping up production, prices were 
`. gxpected to stabilize somewhat in 2012. However, some 
7 огесаѕіѕ were mixed, citing the potential for decreasing prices 
wing to oversupply of the smaller grades. Price spikes like 
“ose of mid-2011 were not expected. In the first half of 2011, 
__ pices for imports into the United States increased by 20% to 
> s much as 80%. Prices for exfoliated vermiculite are likely 
Tp continue to be affected by the volatility of natural gas costs 
ч 4 20125). Vermiculite production was expected to 
2 jontinue to increase worldwide in 2012, in large part because 
7^ f expanding production from the major mining operations in 
> 3razil and Uganda and significant increases in production from 
77 Липа. 
xo With supplies of finer grades far exceeding coarse grades, 
ое: will continue to look for more ways to use finer 
2 prades in existing products, such as insulation, brake pads, and 
я ireproofing, and to develop product lines for new uses, such as 
г" nicron-sized grades of vermiculite to absorb mine water or to 
shreplace Zeolite in ion-exchange columns. Innovative approaches 
ito existing technologies, such as Brazil Minérios Ltd.’s unique 
ея wash screen-dry winnower hold promise for high 
quality, cost-effective Improvements in processing vermiculite 
) о using conventional technologies (Elliott, 2012b). 
| The International Monetary Fund expected the global 
ан to increase by about 3.5% in 2012 and 3.9% in 2013, 
j#with advanced economies continuing to improve slower than 


emerging and developing economies (International Monetary 
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у 


{ 
А 


Fund, 2012). Continued growth іп the global economy, 
particularly in the economies of emerging and developing 
countries and in regions where the construction industry is 
recovering, may lead to increased use of vermiculite in the 
construction industries of these economies in 2012-13. 

Owing to the energy-intensive process associated with the 
exfoliation of vermiculite in traditional blast furnaces, changes 
to natural gas prices typically lead to price fluctuations for 
exfoliated vermiculite. Use of a new microwave technology 
for processing vermiculite could substantially reduce the 
energy needed to exfoliate crude vermiculite concentrate as 
compared with conventional furnaces and, in time, potentially 
alter the way that vermiculite is exfoliated worldwide Moeller, 
2012). The process produced a more consistent heating of all 
the vermiculite flakes, which increases the proportion that is 
exfoliated successfully. Up to 896 of vermiculite is not fully 
exfoliated in traditional blast furnace processing; that portion 
is difficult to use in end products and incurs costs for waste 


disposal (Elliott, 2011a). 
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TABLE 1 
SALIENT VERMICULITE STATISTICS' 


(Thousand metric tons and thousand dollars unless otherwise specified) 


ви С В. И 
На a CE 
а eme" a ee E 
importe for consumpto" — — анас йс == Е, 
World, producion .— —. — — 5 уй — > 
"Estimated. ‘Revised. 
Граја are rounded to no more than three significant digits unless otherwise specified. 
25014 or used by producers. 
JRounded to the nearest 100,000 metric tons to avoid disclosing company proprietary data. 
*Based on rounded data. 
5Soutce: United Business Media Global Trade (a division of United Business Media Ltd.), 2012. 
TABLE 2 
ACTIVE VERMICULITE EXFOLIATION PLANTS IN THE UNITED STATES IN 2011 

Company County, A — 

J.P. Austin Associates Inc. Beaver .  Pennsylvantà- ___ 

ScunderCo,The — Мк Меж 1080 — 

Southwest Vermiculite Со In — Bemalillo Nee ves = 

‘Specialty Vermiculite Сор. Maricopa Ас 

. Do. Broward Florida, ____-- 

Do. Laurens _ South Carolina. _ 

Sun Gro Horticulture Canada Ltd. Jefferson = ee е 

“ою. ee ee =—= 

Thermal Ceramics Inc. _Масоирт ____ Eu e ett 

Therm-O-Rock East, Inc. Washington  Pennsywume — 

Therm-O-Rock West, Inc. aaa Aiei 

Vermiculite Industrial Corp. Allegheny ____ . key 

Vermiculite Products Inc. Hah . _ = een 

Whittemore Co., Inc. Essex Massage 

Do. Ditto. 

E. "E 
AL SURVEY MINERAL 


US. GEOLOGIC 


~ 
Lx m. 


т Ат TABLE? 
= ESTIMATED EXFOLIATED VERMICULITE SOLD OR 
| USED IN THE UNITED STATES, ВУ END USE! 
(Metric tons) 
e 2010 2011 
Las Aggregates? 14,300 11,700 
lu Insulation 5,560 3,200 
= Agricultural: 
X Horticultural 17,400 . 18,600 
Soil conditioning 11,000 11,300 
Fertilizer carrier W W 
Total W W 
Other" W W 
Grand total 73,000 70,000 
W Withheld to avoid disclosing company proprietary data; 
included in “Grand total.” 
'Data rounded to no more than three significant digits; may 
not add to totals shown. 
Б М "Includes concrete, plaster, and premixes (acoustic insulation, 
са fireproofing, and texturizing uses). 
i ‘Includes loose-fill, block, and other (high-temperature and 
dal packing insulation and sealants). 
ee “Includes various industrial and other uses not specified. 
EE *Rounded to two significant digits because of estimated data. 
2 
E 
% 
220 


ТАВІЕ 4 T 
VERMICULITE: WORLD PRODUCTION, BY COUNTRY ' 


(Metric tons) 
е 
Country 2007 2008 2009 2010 | 2011 

Argentina 1,726 1,813 2,150 2,000 2,000 

Australia‘ 13,000 13,000 12,000 13,000 13,000 | 
б Brazil, concentrate 18,952 32,503 ' 50,438 ' 49,976 ' 50,000 

Bulgaria D Е E 3,000 ° 3,000 

Ching 110,000 120,000 120,000 120,000 120,000 

о. , , 

Egypt 5,770 3 7,560 ? 4,500 ' E 5,000 

India 9,639 11,742 12,000 * 12,000 ^* 13,000 

ево , , 

Japan __ ___ 6,000 6,000 6,000 6,000 6,000 

Russia® 25,000 25,000 25,000 25,000 25,000 

P i И НЕ ; ; 

South Africa 198,526 199,764 193,334 199,285‘ 170,000 

Пт је == 9 , 

Ugande: 3,500 3,500 3,600 3,00 20,000 

eee j ; 

United States, concentrate, sold and used by producers?" 100,000 100,000 100000 100000 100,005 

Zimbabwe 17,395 16,123 3211 10,000 ^* 15,000 

X UU е CC AP COMER MM > 9 э 

19а. 510,000 537,000" 533,000" 544,000" 542,000 


Estimated. РРгейтїпагу. ‘Revised. -- Zero. 


1 . 

о a estimated data are rounded to no more than three significant digits; may not add to totals shown. У 
Production by countries for which data аге not available and for which general information is inadequate for formulation о 

reliable estimates. Table includes data available through June 11, 2012. 


Reported figure. 
R d d e e • 
ounded to avoid disclosing company proprietary data. 
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WOLLASTONITE 
By Robert L. Virta 


omestic survey data were prepared by Jesse J. Inestroza, statistical assistant. 


/ollastonite was mined by two companies in the United 

es in 2011. U.S. production data collected by the U.S. 
logical Survey (USGS) are withheld to avoid disclosing 
ipany proprietary data, but U.S. production and sales 

‘eased by 6% as the U.S. economy continued its recovery 

п the 2008-09 recession. Exports of wollastonite were 
mated to be less than 10,000 metric tons (t), but were 

ught to be greater than those of 2010. Imports of wollastonite 
ʻe estimated to be less than 4,000 t in 2011, about the same 

n 2010. World sales of refined wollastonite products were 
mated to be in the range of 480,000 to 520,000 t in 2011 
npared with 460,000 to 500,000 t in 2010. 

Nollastonite, a calcium metasilicate (CaSiO,), has an ideal 
nposition of 51.7% silicon dioxide and 48.3% calcium oxide 
; can also contain trace to minor amounts of aluminum, 

n, magnesium, manganese, potassium, sodium, or strontium 
»stituting for calcium. Wollastonite occurs in the form of 
smatic crystals that break into tabular-to-acicular fragments. 
s usually white but also may be gray, cream, brown, 
le-green, or red depending on the impurities and grain 

:e. Wollastonite is used primarily in automobile brakes, 
ramics, metallurgical processing, paint, and plastics. Some 
the properties that make it so useful are high brightness and 
riteness, low moisture and oil absorption, low volatile content, 
d the acicular nature of some wollastonite. 


-oduction 


In 2011, domestic wollastonite production increased by 6% 
om that of 2010. Data collected by the USGS were withheld 

avoid disclosing proprietary information. Production in the 
nited States increased in 2010 and 2011 as some of the markets 
т wollastonite began to recover from the 2008-09 recession. 
he slow recovery in wollastonite production was similar to the 
scoveries observed after each of the last two recessions in the 
Inited States. In the past, it generally took about 3 years for U.S. 
roduction to approach prerecession levels. 

Wollastonite has been mined commercially in California and 
lew York. The California deposits, which are in Inyo, Kern, and 
муегзтде Counties, were mined between 1930 and 1970. These 
perations were limited in size, producing only a few thousand 
aetric tons each year for ceramics, decorative stone, paint, and 
nineral wool production. 

Wollastonite deposits in New York have been mined for more 
han 50 years. Two companies mined wollastonite in 2010. 
YYCO Minerals, Inc. [a subsidiary of Resource Capital Fund IV 
«Р. (КСЕ ), Denver, CO] operated a mine in Essex County. К.Т. 
Vanderbilt Co., Inc. (through its Gouverneur Mineral Division) 
əperated a mine in Lewis County. The NYCO deposit contains 
diopside, garnet, and wollastonite. Parts of the deposit contain 
up to 60% wollastonite. The ore was processed at the Willsboro, 
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NY, plant, where the garnet was removed using high-intensity 
magnetic separators. NY CO also chemically modified the 
surfaces of some of its wollastonite products to improve their 
performance. R.T. Vanderbilt's deposit consists primarily of 
wollastonite with minor amounts of calcite and prehnite and trace 
amounts of diopside. The ore was processed at the company's 

St. Lawrence County plant, where it was milled and air classified. 
R.T. Vanderbilt also produced surface-treated products. 


Consumption 


The USGS does not collect end-use data on wollastonite. 
Based on company press releases, general overview articles, 
U.S. manufacturing trends, and previously published 
consumption estimates, plastics and rubber applications 
were estimated to account for 30% to 35% of U.S. sales in 
2011, followed by ceramics with 20% to 25%; metallurgical 
applications, 1096 to 2096; paint, 1076 to 1596; friction products, 
1096 to 1596; and miscellaneous, 1096 to 157^. 

Ceramic applications probably accounted for 3076 to 40% of 
wollastonite sales worldwide, followed by polymers (plastics 
and rubber) with 30% to 35% of sales, and paint with 10% to 

15% of sales. The remaining sales were for construction, friction 
products, and metallurgical applications. | | 

The largest increases in domestic wollastonite consumption 
in 2011 probably were in metallurgical, plastics and rubber, and 

friction products markets, based on increased industrial output 
of those manufacturing sectors in the United States. Commercial 
and residential construction, where wollastonite may be used 
in products such as adhesives, caulks, ceramics, paints, stucco, 
and roof coatings, increased only slightly in 2011 so sales of 
wollastonite into those markets were likely not appreciably 
different from those of 2010. In 2011, the trend in market sales 
of wollastonite in Europe probably was similar to that in the 
United States although with smaller increases because of the 
lingering effects of the global economic recession. In Asia 


_ and South America, where the global recession had less of an 


impact, growth was likely more uniform across all markets. 

In ceramics, wollastonite decreases shrinkage and gas 
evolution during firing, increases green and fired strength, 
maintains brightness during firing, permits fast firing, and 
reduces crazing, cracking, and glaze defects. In metallurgical 
applications, wollastonite serves as a flux for welding, a source 
for calcium oxide, a slag conditioner, and protection for the 
surface of molten metal during the continuous casting of steel. 
As an additive in paint, it improves the durability of the paint 
film, acts as a pH buffer, improves its resistance to weathering, 
reduces gloss, reduces pigment consumption, and acts as a 
flatting and suspending agent. In plastics, wollastonite improves 
tensile and flexural strength, reduces resin consumption, 
and improves thermal and dimensional stability at elevated 


temperatures. Surface treatments are used to improve the 
adhesion between the wollastonite and the polymers to which 
it is added. As a substitute for asbestos in floor tiles, friction 
products, insulating board and panels, paint, plastics, and 
roofing products, wollastonite is resistant to chemical attack, 
inert, stable at high temperatures, and improves flexural and 
tensile strength (Roskill Information Services Ltd., 1996, 

p. 58-59, 78-81, 104—107, 119, 123—128). 


Prices 


Quoted prices for domestically produced acicular wollastonite, 
ex-works, were $231 to $265 per metric ton for 200-mesh, $242 to 
$276 per ton for 325-mesh, and $894 per ton for high-aspect-ratio 
wollastonite. Prices for wollastonite from China, free on board, in 
bulk, were $80 to $90 per ton for 200-mesh and $90 to $100 per ton 
for 325-mesh (Industrial Minerals, 2011). Quoted prices should be 
used only as a guideline because actual prices depend on the terms 
of the contract between the seller and the buyer. 


Foreign Trade 


Comprehensive trade data were not available for wollastonite 
because it is included under generic U.S. Census Bureau 
Harmonized Tariff Schedule (HTS) code 2530.90.8060 
(mineral substances not elsewhere specified or included). 
Some wollastonite also may be exported under HTS code 
2521.00.0000 (limestone flux; limestone and other calcareous 
stone). U.S. exports were estimated to have increased from 
those of 2010 but were still likely be less than 10,000 t. 
Documented exports were in the range of 2,500 to 2,600 t in 
2011, an increase from 1,300 to 1,400 t in 2010. These exports 
were transported by ship to the Republic of Korea, Japan, 
China, Germany, the Netherlands, the Dominican Republic, the 
United Kingdom, Brazil, Colombia, Italy, India, and Belgium, 
in decreasing order by tonnage (United Business Media Global 
Trade, undated). Additional quantities probably were transported 
by truck or train to Canada. 

U.S. imports were estimated to be less than 4,000 t in 2011, 
about the same as in 2010. Documented imports were 2,000 
to 2,100 t, an increase from 1,900 to 2,000 t in 2010. Imports 
transported by ship were received from Canada, Finland, 
Mexico, Spain, and China, in decreasing order by tonnage 
(United Business Media Global Trade, undated). Wollastonite 
imported from Canada was probably transshipped because there 
were no active producers of wollastonite in Canada in 2011. 


Wollastonite may have been imported by rail or truck from 
Mexico. | 


World Review 


Many countries do not report wollastonite production or others 
report production 2 to 3 years after it takes place. Therefore, data 
in this section is estimated unless otherwise noted. 

World production of crude wollastonite ore probably 
increased by 3% to 6% in 2011 compared with that of 2010. 
Although the effects of the 2008-09 recession continued to 
affect much of Europe, the U.S. economy had begun to recover, 
and the Asian economy remained strong. Estimated crude 
ore production increased and was in the range of 580,000 to 
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610,000 t in 2011 compared with 550,000 to 575, 0:018 
Sales of refined wollastonite products probably werent 
range of 480,000 to 520,000 t in 2011, an increase from 
460,000 to 500,000 t in 2010. 

In 2011, China was the leading producer of ОШ 
with an estimated 290,000 to 320,000 t of production. i | 
was the second-ranked producer with an estimated ЕШ 
of production. The United States ranked third in ови 
production. Production in Mexico was 47,523 (report 
Finland, 15,000 t; in Spain, 6,000 t; and in South Afri 
2.400 t. Small quantities of wollastonite may have beet 
produced in other countries. m 

India. — After increasing production capacity al its mine 
Sirohi District of Rajasthan in 2010, Wolkem India Ltd. 
to further increase production by 30,000 metric tons zu | 
(t/yr) during the next 2 to 3 years. The planned a 
response to improved domestic markets, primarily m 
friction products, and plastics, and increasing exports 0 
Pacific and Southeast Asian markets (Feytis, 2011) К 

Spain.—Aroche SL announced plans to mine gen 
its Huelva Province deposit near Aroche. Planned poa | 
capacity was 43,000 t/yr with sales primarily to the cerat 
industry (Feytis, 2011). 


Outlook 


a 


T in 201088 
Domestic production of wollastonite increased In A^ 


g 
2011 mainly as a result of increased U.S. aae 
several industry sectors that manufactured pro ; soli 
wollastonite. These included such markets as auto 
(friction products and plastic and rubb ии 
consumer appliances (powder coatings), Ја eset 
(surface conditioner in steel casting), and i prove 
component). U.S. manufacturing continue "i ж 
early 2012 with an 8% increase П aa pH 
from March 2011 to March 2012 (Board ^ starts In 
Federal Reserve System, 2012, р. S) dresden 
by 10.3%, and the value of commercia, epi Vr 
construction put in place incr eased by , | b) This suggest 
March 2012 (U.S. Census Bureau, 20, 
that in 2012 there may be some poe such as 
of wollastonite to construction-related m ints roof contigs 
caulks, ceramic tile glazes and bodies, P ud ; 
sanitaryware, sealants, vq clay p | 
i cco, and wallboard. und (2014 
ш with the International nri min? и 
p. 2) prediction for U.S. кш. 5% in 2015Ё 
overall global economic growth 0 approac th 
and sales of wollastonite In 2012 may 


observed in 2011. 


er components} 
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ZEOLITES 
By Robert L. Virta 


Domestic survey data and table were prepared by Jesse J. Inestroza, statistical assistant. 


In 2011, natural zeolites were mined by six companies in 
the United States, with one additional company working from 
stockpiled materials. Mine production increased to 65,400 metric 
tons (t) from 61,300 t in 2010. Consumption increased to 
65,200 t in 2011 from 60,000 t in 2010. The major markets 
for natural zeolites were in animal feed, pet litter, cement, 
odor control, water purification, and wastewater treatment, in 
decreasing order by tonnage. These six applications accounted 
for more than 7096 of domestic consumption. Exports of natural 
zeolites (other than gem quality) were estimated to be between 
700 t and 1,500 t, and imports were estimated to be less than 
150 t. World production was estimated to be in the range of 
2.8 million to 3.3 million metric tons (Mt) (table 1). 

Zeolite deposits in the United States are associated with the 
alteration of volcanic tuffs in alkaline lake deposits and open 
hydrologic systems. In the United States, these deposits are in 
Arizona, California, Idaho, Nevada, New Mexico, Oregon, and 
Texas. Zeolites in these deposits are chabazite, clinoptilolite, 
erionite, mordenite, and phillipsite. Other components, such 
as orthoclase and plagioclase feldspars, montmorillonite, opal, 
quartz, and volcanic glass, are present in some deposits. 


Legislation and Government Programs 


The National Institutes of Environmental Health Sciences 
convened a workshop to discuss the risk posed by airborne 
erionite. The mineralogy of zeolites and geology of deposits 
were discussed, as were known health effects and past and 
present health studies. It was generally agreed that maps showing 
locations of erionite needed to be updated, and sampling and 
analysis methodologies needed to be developed (National 
Institutes of Environmental Health Sciences, 2011). The National 
Institute for Occupational Safety and Health recommended that 
Workers limit their exposure to airborne erionite by following 
precautions described in Occupational Safety and Health 
Administration guidance documents for asbestos (National 
Institute for Occupational Safety and Health, 2011). 


Production 


Domestic data for natural zeolites were collected by means 
of a voluntary survey of the domestic mining industry. Survey 
forms were sent to nine companies, and responses were received 
from eight. Two companies stopped mining zeolites, and one 
company worked from stocks. Responses accounted for more 
than 99% of the production and end-use data. 

Conventional open pit mining techniques are used to mine 
natural zeolites. The overburden is removed to allow access to 
the ore. The ore may be blasted or stripped for processing by 
using front-end loaders or tractors equipped with ripper blades. In 
processing, the ore is crushed, dried, and milled. The milled ore 
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may be air-classified based on particle size and shipped in bags 
or bulk. The crushed product may be screened to remove fine 
material when a granular product is required, and some pelletized 
products are produced from fine material. Producers also may 
modify the properties of the zeolite or blend their zeolite products 
with other materials before sale to enhance their performance. 

Six companies mined natural zeolites in the United States and 
one company worked from stocks in 2011 (table 2). Chabazite 
was mined in Arizona; clinoptilolite was mined in California, 
Idaho, New Mexico, and Texas. Domestic production of zeolites 
increased to 65,400 t in 2011 compared with 61,300 t in 2010. 
New Mexico was the leading producing State in 2011, followed 
by Texas, Idaho, Arizona, and California. 

Bear River Zeolite Co., Inc. (a subsidiary of United States 
Antimony Corp.) reported that sales revenue decreased to 
$2.04 million in 2011 compared with $2.42 million in 2010 and 
shipments decreased to 12,100 t of zeolites in 2011 compared 
with 15,300 t in 2010. The decline in tonnage sales resulted 
because of completion of a remediation project at a former 
nuclear fuel reprocessing facility in West Valley, NY (United 
States Antimony Corp., 2012, p. 24—25). 

St. Cloud Mining, Inc. planned to expand its chabazite mine 
north of Bowie, TX. The U.S. Department of the Interior, 
Bureau of Land Management was evaluating St. Cloud Mining's 
mine plan. The company decided to expand the operation. 
because of increased demand for chabazite used to remediate 
nuclear contamination resulting from the nuclear powerplant 
damage after the April 2011 earthquake near Fukushima, Japan 
(Johnson, 2011; U.S. Department of the Interior, Bureau of Land 
Management, 2012). 


Consumption 


Sales of natural zeolites increased to 65,200 t in 2011 
compared with 60,000 t in 2010. Domestic uses for natural 
zeolites were, in decreasing order by tonnage, animal feed, 
pet litter, cement, odor control, water purification, wastewater 
treatment, fungicide or pesticide carrier, gas absorbent (and air 
filtration), fertilizer carrier, oil absorbent, desiccant, catalyst, and 
aquaculture. Animal feed, pet litter, cement, odor control, water 
purification, and wastewater treatment, accounted for more than 
70% of the domestic sales tonnage. 

Increased sales of natural zeolites were reported for animal 
feed, catalyst, cement, fertilizer, fungicide or pesticide carrier, 
oil absorbent, pet litter, water purification, and wastewater 
treatment. Sales for aquaculture, desiccant, gas absorbent, and 
odor control declined. The greatest tonnage increases were in 
animal feed, fungicide or pesticide carrier, water purification, 
and waste water treatment. The greatest decline in sales was for 
gas absorbents. Changes in sales tonnage to other markets were 


relatively small. 
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Prices 


Prices for natural zeolites vary with zeolite content and 
processing. Unit values, obtained through the U.S. Geological 
Survey canvass of domestic zeolite producers, ranged from 
$40 to $800 per metric ton. The bulk of the tonnage was valued 
between $110 and $200 per ton. Eyde (2011) reported that the 
average price for clinoptilolite granules was about $160 per ton 
and that modified clinoptilolite and activated chabazite products 
sold for as much as $10 per kilogram. Quoted prices should be 
used only as a guideline because actual prices depend on the 
terms of the contract between seller and buyer. 


Foreign Trade 


Comprehensive trade data were not available for natural 
zeolites. In 2011, exports of natural zeolites (other than 
gem-quality specimens) were estimated to between 700 t and 
1,500 t. About 190 t of these exports can be documented with 
the shipments going to Denmark (United Business Media 
Global Trade, undated). Unknown quantities of natural zeolites 
were shipped to Japan by United States companies participating 
in the cleanup of nuclear contamination near Fukushima, Japan 
(Critical Process Filtration, Inc., 2011; Johnson, 2011; UOP 
LLC, 2011; World Nuclear News, 2012). In these cases, the 
zeolites may have been exported as part of an ion-absorption 
unit or as an ion-exchange media instead of being identified 
specifically as a natural zeolite. Imports were estimated to be 
less than 100 t with 42 t actually documented (United Business 
Media Global Trade, undated). The bulk of the U.S. zeolite trade 


was in synthetic zeolite products. 


World Review 


Many countries, particularly those with smaller production, 
do not report natural zeolite production. Therefore, data in this 
section is estimated unless otherwise noted. 

World production of natural zeolites was in the range of 2.8 to 
3.3 Mt in 2011 based on reported production by some countries, 
world market trends, and production estimates published in trade 
journals. World production probably remained unchanged in 2011 
because of the continued impact of the 2008—09 global recession 
in countries where natural zeolites were sold in large volumes for 
construction uses. 

Countries mining large tonnages of zeolites typically use them 
in low-value applications. The ready availability of zeolite-rich 
rock at low cost and the shortage of competing minerals and 
rocks were probably the most important factors for its 
large-scale use. It was also likely that a significant percentage 
of the material sold as zeolites in some countries was ground 
or sawn volcanic tuff that contained only a small amount of 
zeolites. Some examples of such usage are dimension stone | 
(as an altered volcanic tuff), lightweight aggregate, pozzolanic 
cement, and soil conditioners. | 

China was by far the leading producer of natural zeolites 
(including zeolitic tuffs for pozzolanic cement applications). 
Estimated production in China was 1.8 to 2.2 Mt. The second 
leading producer was the Republic of Korea with 240,000 {; 
followed by Japan (including pozzolanic cement applications), 

150,000 to 160,000 t; Turkey (excluding pozzolanic cement 
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applications), 150,000 t; and Jordan (including pozzolanic 
applications), 140,000 t. Other producing countries were 
Slovakia, 80,000 t; the United States, 65,400 t (reported); 
Cuba, 26,000 t; New Zealand, 25,000 t; Bulgaria (excluding 
pozzolanic cement applications), 15,000 t; and Indonesia 
(excluding pozzolanic cement applications), 1,500 t. Countries 
that may produce zeolites but for which there is insufficient 
data available to make reliable production estimates include 
Argentina, Armenia, Australia, Canada, Georgia, Germany, 
Greece, Hungary, Italy, Mexico, the Philippines, Russia, Serbia, 
Slovenia, South Africa, Spain, and Ukraine. Production in most 
of those countries was likely less than 2,000 t. 

Rota Mining Co. increased production capacity of its mill 
facility in Manisa, Turkey, to 100,000 metric tons per year. 
The expansion was made in anticipation of increased sales for 
environmental projects around the world (Elliott, 2011). 


Outlook 


U.S. production and sales of natural zeolites increased by 
7% and 9%, respectively, in 2011 from those of 2010. The 
cleanup at the Fukushima nuclear facility in Japan may continue 
to provide opportunities for increased export sales of natural 
zeolites m 2012 and 2013. Any large changes in domestic 
consumption are likely to be the result of one or two special 
projects that have limited lifespans rather than dramatic growth 
in most of the existing markets. Growth in production and 
sales in 2012 may be slightly less than those of 2011 based on 
existing markets. 

World demand continued to be affected by the global 
economic recession because a significant portion of sales in 
many countries were linked to construction activities, where - 
natural zeolites and (or) zeolitic tuffs were sold as dimension 
stone, lightweight aggregate, and pozzolanic cement. Although 
the economies of some countries were recovering in 2011, many 
others continued to struggle with debt issues. World production 
and consumption are likely to remain unchanged or increase 
slightly in 2012. 
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TABLE 1 
SALIENT ZEOLITE STATISTICS! 
2007 2008 2009 2010 2011 
United States: 
Production metric tons 57,400 60,100 59,500 61,300 65,400 
Consumption do. 57,100 58,500 59,400 60,000 65,200 
Exports? do. <250 <200 <500 <400 700–1,500 
Imports" do «350 «200 «200 «150 «150 
World, production? million metric tons 2.8-3.0 2.5-3.0 2.8-3.3 2.8-3.3 2.83.3. 


"Estimated. do. Ditto. 
"Data are rounded to no more than three significant digits. 


TABLE 2 
DOMESTIC ZEOLITE PRODUCERS IN 2011! 


State and company Type of zeolite 
Arizona: 
St. Cloud Mining, Inc.! Chabazite. 
UOP LLC Do. 
California: 
KMI Zeolite Inc. Clinoptilolite. 
St. Cloud Mining, Inc.” Do. 
Idaho: 
Bear River Zeolite Co., Inc. (United States Antimony Corp.) Do. 
Steelhead Specialty Minerals, Inc. Do. 
Teague Mineral Products Co. Do. 
New Mexico, St. Cloud Mining, Inc. Do. 
Texas, Zeotech Corp. Do. 


Do. Ditto. 
‘Formerly GSA Resources, Inc. 
Formerly Ash Meadows, LLC. 
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ZINC 
By Amy C. Tolcin 


Domestic survey data and tables were prepared by Hodan A. Fatah, statistical assistant, and the world production tables 
were prepared by Glenn J. Wallace, international data coordinator. 


In 2011, U.S. production of recoverable zinc was 743,000 
metric tons (t), a 3% increase from that of 2010 (table 1). The 
value of domestic mine production was approximately $1.74 
billion. Alaska continued to be the dominant zinc-producing 
State, followed by, in descending order of quantity, Tennessee, 
Missouri, and Idaho. Domestic exports of zinc contained in 
ores and concentrates decreased by 12% to 660,000 t in 2011. 
Exports of zinc in concentrates were predominantly sent to 
the Republic of Korea (24%), Canada (23%), Spain (17%), 
and Japan (14%) (table 7). Imports for consumption of zinc 


contained in ores and concentrates decreased by 17% to 26,700 t 


from that in 2010. Estimated U.S. refined zinc production in 
2011 was essentially unchanged at 248,000 t. Imports of refined 
zinc in 2011 increased by 794 to 716,000 t. Refined zinc was 
imported primarily from Canada (62%), Mexico (12%), Peru 
(9%), and Namibia (8%). Domestic exports of refined zinc 
increased by 14,800 t to 19,000 t in 2011. Globally, zinc mine 
production increased by 6% to 12.8 million metric tons (Mt); 


zinc metal production increased slightly to 13.1 Mt 
(tables 10, 11). 


Legislative and Government Programs 


In March, the U.S. Department of Commerce, International 
Trade Administration (ITA) began an antidumping and 
countervailing duty investigation of imports of galvanized steel 
wire from China and an antidumping investigation of imports of 
the same product from Mexico after a petition charging unfair 
trade practices was filed by five U.S. companies, In November, 
the ITA preliminarily determined that the imports of galvanized 
steel wire from the two countries were being sold in the United 
States at less than fair value. For China, the preliminary 
antidumping duties were determined to be 76.34% to 235.00% 
ad valorem depending on the manufacturer; most were at 
127.09% ad valorem. For Mexico, the preliminary antidumping 
duties were 37.87% to 6] .54% ad valorem, depending on the 
manufacturer. The ITA was to make its final determinations for 
both investigations no later than 135 days after publication of 
the preliminary determinations in the Federal Register 
(U.S. Department of Commerce, International Trade 
Administration, 201 la, b). 

A U.S. stockpile of zinc has been maintained since 1967 for 
national defense purposes. In 1992, Public Law 102—484, which 
authorized the disposal of the entire inventory of zinc from the 
National Defense Stockpile (NDS), was signed. There were no 
sales of zinc during the fiscal year; sales of zinc from the NDS 
Were suspended in August 2008 owing to concerns regarding 
domestic availability and access to various raw materials. At 
yearend 2011, the reported inventory of zinc decreased by 240t 
from that of yearend 2010 to 7,250 t owing to several inventory 
adjustments that took place during the year. 


ZINC—2011 


Production 


Мте.—Т 2011, zinc was produced in four States, 
with Alaska as the leading zinc-producing State. Other 
zinc-producing States were Idaho, Missouri, and Tennessee. 
Domestic mine production of recoverable zinc in 2011 was 
743,000 t, a 3% increase from that of 2010. А decrease in 
production in Idaho was offset by increases in the three other 
States, particularly in Tennessee at the Middle Tennessee zinc 
mine complex. Domestic mine production data were collected 
by the U.S. Geological Survey (U SGS) from a base-metal 
voluntary survey of lode-mine production. 

Alaska.—Teck Alaska Inc. (a subsidiary of Teck Resources 
Ltd., Vancouver, British Columbia, Canada) operated the open 
pit Red Dog zinc-lead mine in the Northwest Arctic Borough. 
Red Dog is comprised of several sedimentary-exhalative lead- 
zinc sulfide ore bodies. In 2011, ore was mined from the Main 
Pit and Aqqaluk deposits. Reserves from the Main Pit were 
expected to be exhausted in the first quarter of 2012, after which 
all ore would be mined solely from Aqgaluk. Zinc in concentrate 
production at Red Dog increased by 6% in 2011 from that of 
2010 to 572,000 t owing to increased mill throughput. In 201 1, 
approximately 30% of Red Dog's zinc concentrates was refined 
at Teck's metallurgical complex at Trail, British Columbia, 
Canada. Remaining concentrates Were sent to Asia and Europe. 
Most of Red Dog's concentrates were sold through long-term 
contracts with the balance sold in the spot market. Reported 
reserves at yearend 2011 were 50.7 Mt of ore containing 16% 
zinc. Zinc in concentrate production in 2012 was projected to 
total between 525,000 and 545,000 t (Teck Resources Ltd. 
2012a, p. 34; 2012b, p. 16, 32, 41). | 

In February 2010, two nonprofit groups appealed the U.S. 
Environmental Protection Agency’s (EPA) renewal of Red 
Dog's water discharge permit, which had been issued in 
January 2010 with revised effluent conditions, Subsequently, 
the EPA postponed the permit renewal to consider and discuss 
the appeal with the State of Alaska. The prior water discharge 
permit was issued in 1998 and contained limitations for total 
dissolved solids that Red Dog would not be able to meet after 
the development of the Aqqaluk deposit. Teck Continued minin 
at Red i > 2011 under the effluent limitations of the 2010 | 
permit until the EPA finalized the ren 
NN ewal (Teck Resources Ltd., 

Hecla Mining Co.'s (Couer d’Ale 
Creek Mine recovers metals from a 
silver-zinc) massive sulfide deposit located on Admiralty Island 
in the Tongass National Forest near Juneau. The mine produced 
gold and silver dore, as well as bulk lead-zinc, lead, and zinc 
concentrates, which were sold globally to smelters, In 2011, zinc 
In concentrate production decreased by 11% from that of 2010 
to 59,900 t owing to lower mill throughput and lower Zinc ore 


ne, ID) underground Greens 
polymetallic (gold-lead- 
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grade. Reserves at yearend were 7.25 Mt of ore containing 9.2% 
zinc (Hecla Mining Co., 2012, p. 21, 35). 

Historically, production costs at Greens Creek have been 
affected significantly by changes in fuel prices. In 2011, fuel 
costs accounted for approximately 13% of production costs, as 
compared with 6% in 2010. Greens Creek power is supplied 
by a local hydroelectric utility company and by onsite diesel 
generators. Reduced availability of hydroelectric power during 
2011 caused an increased reliance on the more expensive 
generators (Hecla Mining Co., 2012, p. 23). 

Idaho.—Hecla Mining operated the Lucky Friday Mine, 
an underground silver-lead-zinc mine in the Coeur d’ Alene 
Mining District in northern Idaho, which produced silver-lead 
concentrate and zinc concentrate. All concentrates in 2011 were 
sent to Teck’s facility at Trail for processing. Zinc in concentrate 
production at Lucky Friday decreased in 2011 by 1,800 t from 
that of 2010 to 6,630 t owing to lower mill throughput and 
zinc ore grade, as well as a halt in operations near yearend. 

In December, a rock burst injured seven employees at Lucky 
Friday, after which the Mine Safety and Health Administration 
ordered Hecla to remove loose backfill material in the primary 
shaft. Access to the mine was limited as Hecla removed the 
material and, as a result, production at Lucky Friday was 
suspended until early 2013. At yearend, reserves measured 
3.35 Mt of ore containing 3.1% zinc (Hecla Mining Co., 2012, 
р. 24—25, 37). 

During 2011, Hecla Mining continued early-stage 
development of an internal shaft (#4 Shaft), which would 
provide access to ore-grade mineralization deeper than the 
current mining level and extend Lucky Friday’s mine life. 
Construction of the #4 shaft would take 3 years to complete 
(Hecla Mining Co., 2012, p. 25). 

Missouri.—Doe Run Resources Corp. (St. Louis, МО) 
operated a series of production shafts that ran along the 
Viburnum Trend within the Mississippi Valley-type (MVT) lead- 
zinc-copper ore body in southeast Missouri. Doe Run processed 
the ore at four mills to produce primarily lead concentrates and, 
to a lesser extent, zinc and copper concentrates. 

Tennessee.—Nyrstar NV (Balen, Belgium) owned and | 
operated the East Tennessee and Middle Tennessee zinc mine 
complexes that recover ore from МУТ zine deposits. The East 
Tennessee mine complex (the Coy, Immel, and Young Mines) 
produced 49,000 t of zinc in concentrate in 2011, slightly less 
than the amount produced in 2010. Production during 2011 was 
less than originally proj ected by Nyrstar owing (0 unplanned 
maintenance of plant infrastructure and underground equipment, 
as well as a lower mill-head grade (Nyrstar NV, 2012a, 

. 12-13). 

; ш ш Tennessee mine complex (the Cumberland, 
Elmwood, and Gordonsville Mines) continued to ramp up 

to full production capacity and produced 32,000 t of zinc 

in concentrate in 2011, an increase of 146% compared with 
that of 2010. During the year, Nyrstar repaired underground 
infrastructure at the Gordonsville Mine, which had been 
affected by prolonged water exposure. The Elmwood Mine was 
completely dewatered by the third quarter, and by yearend, all 
three mines were in commercial production. Concentrate from 
the Tennessee mines was sent to Nyrstar's Clarksville, TN, zinc 
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refinery. Reserves totaled 2.36 Mt containing 3.65% zinc for the 
East Tennessee mines and 3 Mt containing 4.78% zinc for the 
Middle Tennessee mines (Nyrstar NV, 2012a, p. 12-14; 20125). 
Smelter.—Domestic zinc metal production data were 

estimated based on publicly available information to protect 
company proprietary data. In 2011, refined zinc was mainly 
produced in two States—Pennsylvania (Horsehead Holding 
Corp.'s Monaca facility) and Tennessee (Nyrstar's Clarksville 
facility). Refined zinc was also produced to a lesser extent by 


U.S. Zinc's (owned by Votarantim Metais, Sáo Paulo, Brazil) 


recycling operations in Coldwater, MI, and Houston, TX. 
Estimated refined zinc production in 2011 was 248,000 t. 

Primary.—Nyrstar's Clarksville electrolytic zinc refinery 
[125,000 metric tons per year (t/yr) capacity] was the only 
primary zinc smelter in the United States. Clarksville's feed mix 
was approximately 7096 zinc concentrate from its Tennessee 
mines, 1596 imported zinc concentrates, and 1596 secondary 
zinc oxides. About one-half of zinc production was Special 
High Grade (SHG), and the other one-half was Continuous 
Galvanizing Grade (CGG). Byproducts included cadmium 
metal, copper cementate, copper sulfate, synthetic gypsum, 
and sulfuric acid. Refined zinc production in 2011 decreased 
by 8% from that of 2010 to 110,000 t partly owing to planned 
maintenance that took place during the third quarter. The roaster 
was shut down for 45 days while the company replaced the 
dome refractory, a once in 30-year event (Jetson, 2011; Nyrstar 
NV 2012a, p. 15-16). 

Secondary.—Horsehead produced zinc metal— 
primarily Prime Western Grade (PW) and to a lesser extent, 
Special Special High Grade (SSHG)—and zinc oxide at 
its electrothermic zinc smelter (136,000 t/yr capacity) in 
Monaca. The zinc metal was sold in both jumbo ingot and 
slab form. The PW zinc was sold to hot-dip galvanizers and 
brass manufacturers, and the SSHG zinc was used as feed for 
the production of high-purity zinc alloys and powder. Zinc 
production at Monaca in 2011 increased by an estimated 1076 
from production in 2010. The plant operated at full capacity for 
the year, unlike in 2010, when the smelter was shut down for 
part of the year owing to an explosion that took place at the zinc 
oxide plant (Horsehead Holding Corp., 2012, p. 6, 7, 10). 

Feedstock for the metal production was composed 
entirely of secondary materials; 74% of the feedstock was 
from Horsehead's electric arc furnace (EAF) dust recycling 
operations, and the balance was generally composed of 
purchased galvanizing residues, such as dross and skimmings. 
EAF dust is a waste product recovered from the air flow exiting 
electric arc furnaces during the steel recycling process and 
typically contains 1096 to 2096 zinc. Horsehead's five EAF 
dust recycling operations were in Barnwell, SC, Beaumont, 
TX, Calumet, IL, Palmerton, PA, and Rockwood, TN, and a 
hydrometallurgical metals recovery facility in Bartlesville, OK. 
In 2011, Horsehead recycled 503,000 t of EAF dust (Hor sehead 
Holding Corp., 2012, p. 9). 

In early 2011, Horsehead announced plans to build a solvent 
extraction/electrowinning (SX/EW) zinc production facility in 
Rutherford County, NC. The technology would generate SHG 
and CGG zinc in addition to PW zinc, and allow Horsehead to 
sell to new customers, including continuous galvanizers and 
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diecasters. The metal would also be certified as deliverable 
against London Metal Exchange, Ltd. (LME) contracts. 
According to Horsehead, the new plant would reduce the 
company’s manufacturing costs owing to several benefits 
associated with the SX/EW technology as compared to the 
electrothermic technology employed at the Monaca facility, 
including higher labor productivity, higher zinc recovery, lower 
energy usage, and lower maintenance costs. Plant construction 
was estimated to cost between $350 and $375 million and 

was anticipated to be completed in the third quarter of 2013 
(Horsehead Holding Corp., 2012, p. 2, 3, 35, 48). 


Consumption 


Changes in zinc consumption generally follow trends in 
industrial production or, more generally, global economic 
growth. Domestic apparent consumption of zinc in 2011 
was 939,000 t, a 4% increase from apparent consumption in 
2010. Reported U.S. zinc consumption in 2011 was 604,000 t, 
representing 64% of domestic apparent consumption. Reported 
slab zinc consumption data were collected by the USGS from a 
voluntary survey on zinc consumption by grade and end use. 

According to reported data, galvanizing accounted for 82% of 
domestic zinc consumption in 2011 (table 6). Galvanized steel is 
used extensively in the automotive and construction industries. 
The American Iron and Steel Institute (2012, p. 25) reported that 
domestic shipments of galvanized steel in 2011 were 15.1 Mt, 

a 13% increase from those of 2010. Approximately 90% of the 
shipments was hot-dip galvanized, and the remaining 10% was 
electrogalvanized. Most of the zinc consumed domestically for 
galvanizing took place at continuous galvanizing plants, where 
steel sheet passes through a molten zinc bath at high speeds. 
Coating lines at continuous galvanizing plants are referred to 
as “light-gauge,” “intermediate-gauge,” or “heavy-gauge,” 
depending on the thickness of the sheet. Galvanized steel 
produced from light-gauge lines was used in the construction 
industry. Most galvanized steel from medium-gauge lines was 
used to construct automotive body panels. The galvanized 

steel from heavy-gauge lines was predominantly used for 
automotive structural parts, culverts, and grain bins. There were 
an estimated 46 continuous galvanizing plants operated by 21 
companies in the United States. The balance of zinc consumed 
for galvanizing took place at general galvanizing plants. At 
general galvanizing plants, fabricated steel shapes (for example, 
structural beams or fasteners) are immersed in a molten zinc 
bath individually or by batch. There were about 180 general 
galvanizing plants operated by 80 companies in the United 
States. 

The next leading end use for zinc is brass and bronze. 

According to the Copper Development Association (2012, 
p. 14), the amount of zinc consumed domestically by brass 
mills, copper ingot makers, and copper foundries in 2011 was 
230,000 t, a 3% decrease from the 236,000 t consumed in 2010. 

Other end uses for zinc include—in descending order by 


quantity—zinc-base alloys for diecasting, chemicals, and zinc 
semimanufactures. 


ZINC—2011 


Prices 


The annual average LME cash price for SHG zinc in 2011 
increased slightly from that of 2010 to $2,192.89 per metric ton 
($0.995 per pound). Prices decreased during the year reflecting 
the zinc metal surplus in the market and averaging $1.09 per 
pound during the first quarter, $1.02 per pound during the 
second quarter, $1.01 per pound during the third quarter, and 
$0.86 per pound during the fourth quarter. The annual average 
Platts North American producer price for SHG zinc in 2011, 
which was based on the LME cash price plus a premium, 
was $1.06 per pound. Monthly average North American SHG 
premiums began the year at about 5 cents per pound and rose 
to about 7.5 cents per pound by yearend. Increasing premiums 


are generally indicative of a tightening zinc supply in the North 
American market. 


Stocks 


Commodity exchange inventories [LME and the Shanghai 
Futures Exchange (SHFE)] totaled 1.18 Mt of zinc at yearend, a 
17% increase from those of 2010. Stocks of SHG zinc in global 
LME warehouses totaled 820,000 t at the close of 201 1,a17% 
increase from the closing stock level in 2010. Some analysts 
thought that much of the LME zinc stocks were held under 
arrangements that allowed financial institutions and traders to 
profit from the ongoing gap between contango and the cost of 
carry (the actual cost of insuring, financing, and storing zinc). At 
yearend 2011, New Orleans warehouses held 62% (511,000 t) 
of global LME zinc stocks. LME warehouses in New Orleans, 
LA, were primarily owned by Pacorini Metals AG (a subsidiary 
of Glencore International AG) and Metro International Trade 
Services (a subsidiary of Goldman Sachs Group, Inc.). About 
10% (85,000 t) of LME zinc stocks was held in Detroit 
warehouses. At yearend 2011, the SHFE held 364,000 t of zinc 
an 18% increase from that of 2010 (International Lead and Zine 
Study Group, 20124, р. 55). 

Aside from the United States, China is the onl 


( | y other coun 
to hold a stockpile of zinc. China's State Reserve Bureau " 


(SRB) manages the stockpile, which at yearend 201 1, contained 
109,000 t of zinc, unchanged from the stock level at yearend 
2010 (International Lead and Zinc Study Group, 2012d, p. 55). 


Mergers and Acquisitions 


In February, Vedanta Resources Plc (London, United 
Kingdom) completed the acquisition of An 


ingd th glo American plc's 
zinc assets for $1.3 billion as part of Vedanta's strategy to 


become the world's leading integrated lead and zinc producer. 
These assets included the Lisheen lead-zinc mine in Ireland | 
Skorpion zinc mine in Namibia, and a majority stake in Black 
Mountain Mining, which included the Black Mountain Mine 
and the Gamsberg zinc project in South Africa. Vedanta 
produced 215,000 t of zinc in concentrate at the Black Mountain 
and Lisheen Mines and 145,000 t of refined zinc from the 
Skorpion Mine in its 2011—12 fiscal year ending March 31, 2012 
(Vedanta Resources plc, 2011a, b; 2012, p. 41). ' 


LI 


Nyrstar acquired Canadian-based zinc mining company 
Breakwater Resources in August, increasing Nyrstar’s zinc in 
concentrate production capacity by 140,000 t/yr as well as its 
mining production capacity of copper, lead, gold, and silver. 
Breakwater’s assets included four polymetallic mines—the 
Е] Mochito Mine (Honduras), the El Toqui Mine (Chile), the 
Langlois Mine (Quebec, Canada), and the Myra Falls Mine 
(British Columbia, Canada). The acquisition of the four mines 
would increase Nyrstar’s upstream integration to 43% from 31% 
by yearend 2012 (Nyrstar NV, 2011а, b; 2012a, р. 14). 


World Review 


Global zinc mine production increased by 6% in 2011 from 
that of 2010 to approximately 12.8 Mt (table 10). Most of 
this increase was attributed to a 16% year-on-year increase in 
Chinese mine production. Zinc mine production in Mexico 
also rose significantly owing to increased output at Goldcorp 
Inc.’s polymetallic Penasquito Mine in 2011 from that of 
2010 as the mine continued to ramp up to full design capacity 
(approximately 204,000 t/yr of zinc in concentrate). Peru had 
the most significant contraction in zinc production in 2011 from 
that of 2010 mostly owing to decreased zinc in concentrate 
production from the Antamina copper-zinc mine (a joint venture 
between BHP Billiton Ltd., Mitsubishi Corp., Teck, and Xstrata 
plc) owing to lower zinc grades and reduced processing of 
copper-zinc ores. China (34% share of global production), 
Australia (1296), and Peru (1096) were the three leading 
producers of zinc in concentrate in 2011 (Goldcorp Inc., 2012; 
Teck Resources Ltd, 2012a, p. 27). 
Global zinc mine capacity increased 380,000 t by yearend. 
Most of this increase took place in India, where Hindustan 
Zinc Ltd. (Udaipur, India) expanded zinc production capacity 
at its Rampura Agucha and Sindesar Khurd zinc-lead mines by 
175,000 t/yr. Other significant additions to capacity included the 
commissioning Xstrata's Handlebar Hill project (40,000 t/yr of 
zinc in concentrate production capacity) at Mt. Isa in Australia 
and Yukon Zinc's Wolverine project (53,000 t/yr of zinc in 
concentrate production capacity) in Canada (International Lead 
and Zinc Study Group, 2012c, p. 6). 
Global zinc metal production increased slightly in 2011 
from that of 2010 to 13.1 Mt (table 11) owing to production 
increases in China, India, and the Republic of Korea. Zinc metal 
production in China rose slightly in 2011 from that of 2010. | 
Chinese zinc smelters were reported to have cut their production 
rates during the fourth quarter owing to low treatment charges 
and zinc prices. In India, increased production at Hindustan 
Zinc's Rajpura Dariba 210,000-t/yr zinc smelter, which was 
commissioned in 2010 and reached full capacity in the second 


quarter of 2011, accounted for most of India’s rise in production. 


In the Republic of Korea, manufacturing improvements 
undertaken at Young Poong Corp.’s Sukpo refinery expanded 
zinc production capacity to 350,000 Џуг from 280,000 Џуг and 
contributed to the overall year-on-year increase In production 

in the country. China (40% share of global production), the 
Republic of Korea (6%), India (6%), and Canada (5%) were the 
leading producers of refined zinc metal in 2011 (Antaike Lead, 
Zinc, and Tin Monthly, 2011; Hindustan Zinc Ltd., 2011; Young 


Poong Corp., 2012). 
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Zinc smelter production capacity increased by 370,000 t/yr 


in 2011, of which, 350,000 t/yr was in China. Xstrata increased M% 
production capacity by 20,000 t/yr at the Nordenham smelter in Т 
Germany (International Lead and Zinc Study Group, 2012c, не 
р. 6). me 
According to the International Lead and Zinc Study Group ne 
(ILZSG) (2012b), global zinc consumption rose slightly in wm 
2011 from that of 2010 to 12.8 Mt owing primarily to increased (иш 
consumption in China (2%), Europe (1.2%), and the United mi 
States (3.6%). Leading zinc-consuming-countries included pe 
China, 4396; the United States, 7%; India, 496; and the Republic iyi 
of Korea, 4%. ILZSG’s data indicated a surplus production mde 
of 347,000 t in the zinc metal market in 2011 compared with rh 
247,000 t in 2010 (International Lead and Zinc Study Group, р. 
20124, р. 46–47). - 
Outlook s 
Ё 
1,250 forecast global zinc consumption in 2012 to i 
increase by 4% from that in 2011 to 13.4 Mt. China's apparent lish 
consumption was expected to rise by 7% as the economy ре 
grows а! a somewhat slower гаје. Japanese consumption was 6 
forecast to increase by 7% owing to reconstruction following the lm; 
tsunami. Notable increases in consumption were also expected Mo 
in Brazil, India, the Republic of Korea, Turkey, and the United н 
States. European consumption was forecast to remain flat іп tà 
2012 (International Lead and Zinc Study Group, 2012a, b). № 
On фе supply side, mine production was expected to increase 9 
by 4% to 13.5 Mt ір 2012. In Latin America, increased zinc : 
production in Peru at the Cerro Linda, Colquijirca, Pachapaqui, М 
and Santander Mines were expected to offset a further decrease i 
in production at Antamina. Production was also anticipated to Ns 
increase in Bolivia and Mexico; Mexico’s production increasing 
owing to the continual ramp up at the Penasquito Mine. African * 
production was projected to rise owing to the opening of the ( 
Perkoa Mine in Burkina Faso. Mine output was also expected Nr 
to increase in Australia, China, Finland, India, Kazakhstan, | 
Portugal, Russia, and Uzbekistan. Global refined metal ! 
production was expected to increase by 496 to 13.7 Mt owing. Ie 
mostly to production increases in Asia. A substantial amount | 
of smelter capacity has been added in China recently, and | | 
production in 2012 was forecast to increase owing to expansions 
undertaken at Baiyin Nonferrous in Gansu Province, Jinding 
Zinc in Yunnan Province, and Yugang Gold and Lead Group in 
Henan Province. In Japan, production should recover after the | 
earthquake and tsunami. Ongoing capacity expansions at Korea 
Zinc’s Onsan refinery should lead to a production increase in the 
Republic of Korea. Increased production was also anticipated in 
India owing to increased output at Hindustan Zinc’s operations. 
Overall, zinc metal production in 2012 was forecasted to surpass 
consumption by about 250,000 t (Intemational Lead and Zinc 
Study Group, 2012a, b). 
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ТАВГЕ 1 


SALIENT ZINC STATISTICS’ 
2007 2008 2009 2010 2011 
United States: 
Production: 
Domestic ores, contained Zinc metric tons 803,000 778,000 736,000 748,000 769,000 
Domestic ores, recoverable zinc do. 769,000 748,000 710,000 723,000 743,000 
Value, recoverable zinc thousands $2,620,000 $1,470,000 $1,220,000 $1,620,000 $1,740,000 
Refined zinc: 
At primary smelters metric tons 121,000 125,000 94,000 120,000 110,000 
At secondary smelters” do. 157,000 161,000 109,000 129,000 138,000 
Total do. 278,000 286,000 203,000 249,000 248,000 
Exports: | 
Ores and concentrates, zinc content do. 816,000 725,000 785,000 752,000 660,000 
Refined zinc do 8,070 3,250 2,960 4,200 19,000 
Imports for consumption: 
Ores and concentrates, zinc content do. 271,000 63,200 74,200 32,200 26,700 
Refined zinc do. 758,000 725,000 686,000 671,000 716,000 
Reported stocks of refined zinc, December 31: 
Producer and consumer do. 55,000 58,100 ' 84,800 ' 108,000 ' 114,000 
Government stockpile do. 7,730 7,490 7,490 7,490 7250? 
Consumption, refined zinc: 
Reported do. 438,000 ' 387,000 * 459,000 * 558,000 ' 604,000 
A arent? do. 1,040,000 1,010,000 893,000 907,000 939,000 
EC ИМ ПЕН EL d 
North American cents per pound 154.40 88.93 71.91 101.98 106.24 
London Metal Exchange, cash do. 147.03 85.01 75.06 97.99 99.47 
Mine thousand metric tons 11,100 ' 11,800 ' 11,500 * 12,200 * 12,800 
Smelter do. 11,400 11,700 11,400 ' 12,800 * 13,100 


"Estimated. ‘Revised. do. Ditto. 
iData are rounded to no more than three significant digits, except prices; may not add to totals shown. 
2Government stocks decreased from prior year owing to an inventory adjustment. 


5Domestic production plus net imports, plus adjustments for Government and industry stock changes. Apparent consumption from 2007 


through 2010 do not reflect reported stock changes. Stock increases from 2007 through 2010 result from an increased response from industry 


rather than an actual increase in stock levels. 
‘Special High Grade. Source: Platts Metals Week. 


TABLE 2 
MINE PRODUCTION OF RECOVERABLE ZINC 
IN THE UNITED STATES, BY STATE! 


(Metric tons) 
ery саран 
State 2010 2011 
‘Alaska _______--- 628,000 631,000 
Other’ 94,400 111,000 
Total 723,000 743,000 
Грана are rounded to no more than three significant digits; may not add 
to totals shown. 


2Data based, in part, on publicly available information. 
3 Includes production from Idaho, Missouri, Tennessee. 
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TABLE 3 
LEADING ZINC-PRODUCING MINES IN THE UNITED STATES IN 2011, INORDER OF OUTPUT' 


Rank Mine County and State erator Source of zinc 
1 Red Dog Northwest Arctic, AK Teck Alaska Inc. Zinc-lead ore. 
2 Greens Creek Juneau, AK Hecla Mining Co. Zinc-silver ore. 
3 East Tennessee Zinc Complex’ Jefferson and Knox, TN Nyrstar NV Zinc ore. 

4 Middle Tennessee Zinc Complex! Smith, TN do. Do. 

5 Brushy Creek Reynolds, MO Doe Run Resources Corp. Lead ore. 
6 Lucky Friday Shoshone, ID Hecla Mining Co. Silver ore. 
7 Buick Iron, MO Doe Run Resources Corp. Lead ore. 
8 Fletcher Reynolds, MO do. Do. 

9 Viburnum (#29 and #35) Washington and Iron, MO do. Do. 

10 Sweetwater Reynolds, MO do. Do. 
Do., do. Ditto. 


The mines on this list accounted for more than 99% of recoverable U.S. zinc mine production in 2011. 
"Includes the Coy, Immel, and Young Mines. 
"Includes the Cumberland, Elmwood, and Gordonsville Mines. 


TABLE 4 
REPORTED PRODUCTION OF ZINC PRODUCTS 
FROM ZINC-BASE SCRAP IN THE UNITED STATES! 


(Metric tons) 

Products 2010 2011 
Redistilled slab zinc 130,000 141,000 
Other zinc metal products? 2,190 2,930 
Zinc in chemical products W W 
Zinc dust 22,400 22,700 


W Withheld to avoid disclosing company proprietary data. 
‘Data are rounded to no more than three significant digits. 


"Includes electrogalvanizing anodes, remelt die-cast slab, 
and other metal alloys. 
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TABLE 5 


ZINC RECOVERED FROM SCRAP PROCESSED IN THE UNITED 


STATES, BY TYPE OF SCRAP! 
(Metric tons) 
2010 
Type of scrap: 
New scrap: 
Zinc-base 90,700 
Copper-base 118,000 ' 
Magnesium-base 123 
Total 208,000 
Old scrap: 
Zinc-base 114,000 
Copper-base 8,330 : 
Aluminum-base 650 € 
Magnesium-base 14 
Total 123,000 
Grand total 332,000 ' 
"Revised. 


‚ 2011 


93,400 
120,000 
91 
213,000 


114,000 
8,470 
863 

14 
123,000 
336,000 


'Data are rounded to no more than three significant digits; may not add 


to totals shown. 


TABLE 6 


U.S. REPORTED CONSUMPTION OF ZINC IN 2011, BY INDUSTRY USE AND GRADE! 


(Metric tons) 
Special Continuous 
High High Galvanizing Controlled Prime 

Industry use Grade Grade Grade Lead Grade Western 
Galvanizing 75,900 105,000 237,000 115 77,700 
Zinc-base alloys 40,200 169 -- Ри ia 
Brass and bronze 33,700 6,500 -- 22 218 
Other 27,500 -- -- -- 107 
Total 177,000 111,000 237,000 115 78,000 


-- Zero. 


!Data are rounded to no more than three significant digits; may not add to totals shown. 
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Remelt 
and other 


grades 
96 


22 
118 


Total 
496,000 
40,400 
40,400 
27,600 
604,000 
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2010 


Australia 
Belgium 
Canada 
China 
Costa Rica 
EI Salvador 
Finland 


Italy 
Japan 


Korea, Republic of 
Mexico 

Panama 

Singapore 

Spain 


United Kingdom 


Total 
-- Zero. 


TABLE 7 
U.S. EXPORTS OF ZINC ORES AND CONCENTRATES, BY COUNTRY! 


Quantity 
(metric tons, 
zinc content) 

48,800 
33,500 
146,000 
60,300 
2 

5 
32,500 
3 
33,300 
190 
12,200 
139,000 
130,000 
Q) 

4 

62 
116,000 
51 
752,000 


Value 
(thousands) 
$61,800 


37,400 
108 
13,500 
154,000 
142,000 
4 

22 

168 
143,000 
29 
903,000 


2011 
Quantity 
(metric tons, Value 

zinc content) (thousands) 
51,700 $80,900 
28,900 40,900 
150,000 246,000 
27,200 39,900 
7 21 
23 89 
35,500 56,700 
36 86 
17 198 
95,000 138,000 
157,000 223,000 
| 4 
5 21 
24 102 
114,000 171,000 
7 7 
660,000 997,000 


! Data аге rounded to no more than three significant digits; may not add to totals shown. 


*Less than М unit. 


Source: U.S. Census Bureau. 


TABLE 8 


U.S. EXPORTS OF ZINC COMPOUNDS! 


2010 2011 
Quantity Quantity 

(metric tons, Value (metric tons, Value 

gross weight) — (thousands) — gross weight) _ (thousands) 
Chromates of zinc or of lead 35 $362 4 $396 
Lithopone 725 3,350 316 1,510 
Zinc chloride 1,920 : 2,950 1,800 2.860 
Zinc oxide 16,700 36,700 31,600 51.300 
Zine sulfate 1,870 2,360 285 588 
Zinc sulfide 5 ‚600 7,95 0 5,3 10 6,890 


"Revised. 
"Data are rounded to no more than three significant digits. 


Source: U.S. Census Bureau. 
TABLE 9 
U.S. IMPORTS FOR CONSUMPTION OF ZINC COMPOUNDS! 


r 0 
2010 2011 


Quantity Quantity 
(metric tons, Value (metric tons Value 


oss weight) (thousands i 
Chromates of zinc or of lead 168 oo = “ee (thousands) 
Litho one 1,300 1.560 г 5628 
Zinc chloride 405 1.290 2 1,670 


Data are rounded to no more than three significant digits. 221 4,320 


Source: U.S. Census Bureau. 
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(Metric tons, zinc content of concentrate and direct shipping ore, unless otherwise specified) 


TABLE 10 
ZINC: WORLD MINE PRODUCTION, BY COUNTRY"? 


a 


Country 2007 2008 2009 2010 2011 
Argentina 27,025 30,349 31,869 32,566 ' 39,100 
Armenia 2,585 4,200 4,158 ' 8,659 ' 8,884 
Australia 1,514,000 1,519,000 1,290,000 1,479,000 1,515,000 
Bolivia 214,053 383,619 430,879 411,409 427,129 
Bosnia and Herzegovina‘ 2,600 4,700 3,400 5,500 € 5,500 
Brazil 193,887 173,933 172,688 ' 211,203 ' 211,300 P 
Bulgaria 12,200 10,600 7,600 : 7,600 ^* 7,600 * 
Burma 10,000 7,000 6,000 7,000 7,000 * 
Canada 630,485 750,502 698,901 648,905 611,577 P 
Chile 36,453 40,519 27,801 27,662 36,602 
China 3,040,000 3,340,000 3,330,000 3,700,000 4,310,000 
Congo (Kinshasa) 18,500 13,523 12,843 9,223 11,000 • 
Finland 38,900 27,800 30,233 55,562 64,115 
Georgia" 400 400 300 300 300 
Greece 19,549 22,694 18,126 19,976 20,000 * 
Guatemala 20,000 - 14,000 -- =- же 
Honduras 29,211 28,462 36,370 33,839 26,000 
India 538,900 613,600 695,000 700,000 710,000 
Iran 100,000 69,267 ? 72,048 "3 80,000 ' 120,000 
Ireland 400,898 398,158 385,670 342,434 340,000 * 
Kazakhstan 445,000 446,000 ' 442,000 ' 459,000 ' 495,000 
Korea, North* 70,000 50,000 30,000 40,000 50,000 
Korea, Republic of 2,034 1,836 2221 355 700 * 
Kosovo‘ 2,460 4,900 5,600 € 6,500 ' 6,200 
Laos 3,000 2,200 3,400 3,400 ^* 3,400 * 
Macedonia 24,000 29,000 35,000 35,000 * 36,000 
Mexico 426,509 397,306 384,478 518,429 631,859 
Mongolia 71,350 71,800 78,800 56,300 52,300 
Morocco 57,700 96,900 48,600 61,900 60,000 
Namibia 196,435 183,719 € 199,256 ' 205,324! 194,950 
Pakistan = " 1 10 15 
Реги 1,444,381 1,602,597 1,512,931* 1,470,450 1,255,899 
Philippines 7,394 1,619 10,035 9,268 18,609 
Poland 129,600 132,400 115,500 73,000 "© 68,000 * 
Portugal 24,380 39,254 501 6,421 ' 4,227 
Romania 1,000 -- -- -- -— 
Russia® 185,000 204,000 225,000 269,000 280,000 * 
Saudi Arabia 716 3,663 4,952 ' 4,897 ' 4,700 * 
Serbia 1,000 ? 1,000 1,000 1,000 3,000 
South Africa 30,859 29,002 28,159 35,824 36,000 * 
Spain -- m 1,200 17,318 33,200 
Sweden 214,576 188,048 192,538 198,686 194,429 
Tajikistan s ЯК те а 8,000 * 
Thailand 32,921 17,811 34,000 25,529 29,664 
Turkey 71,000 73,000 78,000 88,000 * 90,000 
United States? 803,000 718,000 736,000 748,000 769,000 
Uzbekistan = zt = 2 15,000 * 
Vietnam* 45,600 42,000" 38,000 ' 36,000 36,000 
Тога] 11,100,000 " 11,800,000" 11,500,000 * 12,200,000" 12,800,000 


"Estimated. Preliminary. "Revised. -- Zero. 


" World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 


*Table includes data available through July 7, 2012. 
>Reported figure. 


“On February 17, 2008, the Kosovo Assembly declared independence from Serbia. 


"Reported zinc content in both lead and zinc concentates. 
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Algeria, primary" 
Argentina: 
Primary 
Secondary 
Total 
Australia: 
Primary“ 
Secondary" 
Total 
Belgium, primary 
Brazil, primary 
Bulgaria, primary and secondary 
Canada, primary 
China, primary and secondary 
Finland, primary 
France, primary 
Germany, primary and secondary" 
India, primary and secondary 
Iran* 
Italy, primary and secondary 
Japan: 
Primary 
Secondary 
Total 
Kazakhstan, primary and secondary 


Korea, North, primary and secondary" 
Korea, Republic of, primary 


Kosovo, primary 

Mexico, primary 
Namibia’ 
Netherlands, primary 

Norway, primary 

Peru, primary 

Poland, primary and secondary 
Romania, primary and secondary 


Russia, primary and зесопдагу“ 
South Africa, primary 
Spain, primary and secondary 
Thailand, primary 
United States: 
Primary 
Зесопдагу“ 
Тога! 
Uzbekistan, primary" 
Grand total 
Of which: 
Primary 
Secondary 
Undifferentiated 
“Estimated. PPreliminary. "Revised. -- Zero. 


TABLE 11 


(Metric tons) 


2010 


2007 2008 2009 2011 
30,000 30,000 30,000 30,000 30,000 
42,876 39,479 32,989 39,540 ' 44,000 * 

3,430 3,158 2,639 3,163 ' 3,000 * 

____46,306 _____42,637 35628 42,03! 470007 _ 
502,000 499,000 525,000 499,000 507,000 
6,000 6,000 6,000 6,000 6,000 
508,000 505,000 531,000 505,000 513,000 
241,300 ' 239,000 ' 14,000 ' 260,000 282,000 
265,126 248,874 242,136 ' 288,107 € 288,000 >“ 

99,992 99,699 92,676 88,000 90,000 * 
802,103 764,312 685,504 691,222 662,151 
3,740,000 4,000,000 4,280,000 5,160,000 5,220,000 
305,543 297,722 295,049 307,144 307,352 
129,110 117,861 161,000 163,000 164,000 
294,7355 292,284 > 153,000 165,000 170,000 
453,800 567,800 614,000 ' 700,000 ' 795,000 
90,000 60,000 65,000 65,000 60,000 
109,000 100,000 100,000 105,000 ' 100,000 
495,632 502,910 435,905 ' 470,057 ' 444,446 
143,063 147,957 136,844 ' 140,597 ' 134,401 
638,695 650,867 $72,749 ' 610,654 ' 578,847 

358,226 365,572 327,873 318,858 ' 320,000 * 
75,000 75,000 75,000 75,000 75,000 
670,000 ' 738,000 751,179 717,100 828,735 

2 а 5,487 5,500 * 5,500 * 
321,932 305,409 385,400 ' 328,100 ' 322,100 
150,080 145,400 153,815 151,688 146,000 
224,838 239,462 224,000 254,000 ' 261,000 
157,027 145,469 138,973 148,862 153,200 
162,375 190,324 149,494 261,978 313,714 
142,000 142,600 139,100 135,000 ' 156,000 
58,000 62,000 4,000 * ы ја 
260,000 260,000 205,000 ' 240,000 € 245,000 
101,000 87,000 87,000 90,000 73,000 
494,090 456,050 500,776 505,000 ' 489,000 
99,337 107,753 104,695 100,000 ° 103,366 
121,000 125,000 94,000 120,000 110,000 
157,000 161,000 109,000 129,000 138,000 
278,000 286,000 203,000 249,000 248,000 
71,800 > 70,445 ° 40,000 40,000 45,000 
11,400,000 — 11,700,000 — 11,400,000" — 12,800,000* — 12,100,000 
4,740,000 4,750,000" 4,400,000" 4,810,000" — 4,940,000 
309,000 318,000 255,000 ' 279,000 ' 281,000 
6,320,000 — 6,630,000 6,710,000" 7,710,000" — 7,870,000 


1 ; 

sesh eras fea A нар ое epg ulmi t 
T ; put (primary—directly from ores, and secondary — fro 

scrap) has been provided. In cases where raw material source is unreported and insufficient data are available to a th : 

distribution of the total, that total has been left undifferentiated (primary and secondary). To the extent possible, thi ye ` 

reflects metal production at the first measurable stage of metal output.Table includes data available through July 7 D. 
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TABLE 11—Continued 
ZINC: WORLD SMELTER PRODUCTION, BY COUNTRY"? 


(Metric tons) 


З addition to the countries listed, Israel also produces small amounts of secondary zinc, but available information is inadequate to 
make reliable estimates of output levels. 

Excludes zinc dust. 

"Reported figure. 

On February 17, 2008, the Kosovo Assembly declared independence from Serbia. 

"Special high-grade electrowon cathodes from Anglo American plc’s Skorpian solvent extraction-electrowinning plant. 
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ZIRCONIUM AND HAFNIUM 
By Patricia J. Loferski 


Domestic survey data and tables were prepared by Lisa A. Mersdorf, statistical assistant, and the world production table 
was prepared by Glenn J. Wallace, international data coordinator. 


In 2011, although the global economy continued to struggle, 
consumption of zirconium ores and concentrates increased 
owing to increased standards of living in emerging economies 
such as China and India. In response to increased demand, 
producers revisited expansion and development programs. 
World production of zirconium mineral concentrates in 2011, 
excluding U.S. production, was about 1.62 million metric tons 
(Mt) compared with 1.25 Mt in 2010. The primary source of 
zirconium was the mineral zircon (ZrSiO,), principally found in 
heavy-mineral sands. A relatively small quantity of zirconium 
was derived from the mineral baddeleyite, a natural form 
of zirconium oxide (ZrO,) produced from a single source in 
Kovdor, Russia. In 2011, the leading producers of zircon were 
Australia and South Africa. Zircon was also the primary source 
of hafnium; zirconium and hafnium are contained in zircon at a 
ratio of about 50 to 1. The leading producers of zirconium and 
hafnium metal were France, Russia, and the United States. 

U.S. production of milled zircon increased by 14% compared 
with that of 2010. The United States was a net importer of 
zirconium ore and concentrates for the first time since 1998. 
U.S. exports of zirconium ore and concentrate decreased by 
49%, and imports of zirconium ore and concentrates increased 
by 16% compared with those of 2010. With the exception of 
prices and referenced data, all survey data in this report have 
been rounded to no more than three significant digits. Totals and 
percentages were calculated from unrounded numbers. 


Production 


Zircon is a coproduct of the mining and processing of 
heavy-mineral sands for the titanium minerals ilmenite and 
rutile. In 2011, U.S. producers of zircon were DuPont Titanium 
Technologies (DuPont) (a subsidiary of E.I. du Pont de Nemours 
& Co.) and Iluka Resources, Inc. (a wholly owned subsidiary of 
Australian company Iluka Resources Ltd.). DuPont produced 
zircon from its heavy-mineral sands operation near Starke, FL. 
Iluka produced zircon from its heavy-mineral sands operations 
near Stony Creek, VA. 

Data for zirconium and hafnium manufactured materials 
were developed by the U.S. Geological Survey (USGS) from a 
voluntary survey of domestic operations. Of the 41 operations 
surveyed, 20 responded, representing 87% of milled zircon 
production. Data for nonrespondents were estimated on the 
basis of prior-year levels adjusted for the effect of economic 
conditions. Domestic production of milled zircon was 53,600 
metric tons (t). Domestic production of zircon concentrate in 
2011 increased compared with that of 2010. Insufficient data 
Were available to determine stocks of zircon and zirconium 
oxide as well as production of zirconium oxide (table 1). 

Data for zircon concentrates were developed from a second 
voluntary survey of domestic mining operations. The two 
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domestic zircon producers responded. Data on domestic 
production and consumption of zircon concentrates were 
withheld to avoid disclosing company proprietary data. U.S. 
producers of zirconium and hafnium metal were ATI Wah Chang 
(an Allegheny Technologies, Inc. business unit) in Albany, OR, 
and Western Zirconium (a subsidiary of Westinghouse Electric 
Co.) in Ogden, UT. Milled zircon (flour) was produced from 
zircon sand by at least five companies, and zirconium chemicals 
were produced by about a dozen companies. 

Industrial Minerals Corp. Ltd. (МС) began production of a 
mineral concentrate containing chromite, ilmenite, and zircon 
at its Coos Bay, OR, heavy-minerals project at the South Seven 
Devil’s Mine site. The mineral separation and processing facility 
at the site was largely completed. Ore was processed through 
the wet plant and stockpiled for dry plant commissioning, which 
began in the last quarter and continued past yearend (Industrial 
Minerals Corp. Ltd., 2012, p. 4). 


Consumption 


Global consumption of zircon increased in 2011 largely as a 
result of increased demand in developing economies in Asia and 
the Middle East. Globally, the leading end uses for zircon were 
ceramics, zirconia, zirconium-based chemicals, refractories, and 
foundry and casting applications. Zircon is also used as a natural 
gemstone and may be processed to produce cubic zirconia, a 
synthetic gemstone and diamond simulant. 

Zirconium metal is used in corrosive environments, nuclear 
fuel cladding, and various specialty alloys. The principal uses 
of hafnium were in high-temperature ceramics, nickel-base 
superalloys, nozzles for plasma arc metal cutting, and nuclear 
control rods. 

Zirconium oxide exhibits high light reflectivity and good 
thermal stability and is primarily used as an opacifier and 
pigment in glazes and colors for pottery and other ceramic 
products. Yttria-stabilized zirconia (YSZ) was used in the 
manufacture of oxygen sensors that control combustion in 
automobile engines and furnaces. YSZ was also used in the 
manufacture of a diverse array of products, including cubic 
zirconia, fiber optic connector components, refractory coatings 
and engineering and structural ceramics. YSZ was used in dental 
applications, such as bridges, crowns, and inlays, because it 
has two to three times the fracture resistance and 1.4 times the 
strength of similar alumina products. 

Zircon, used for facings on foundry molds, increases 
resistance to metal penetration and gives a uniform finish 
to castings. Milled or ground zircon was used in refractory 
paints for coating the surfaces of molds. In the form of 
refractory bricks and blocks, zircon was used in furnaces and 
hearths for containing molten metals. Glass tank furnaces use 
fused-cast and bonded alumina-zirconia-silica-base refractories, 
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Baddeleyite is used principally in the manufacture of 
umina-zirconia abrasive and in ceramic colors and refractories. 


Ammonium- and potassium-zirconium carbonates were used 

as paper and board coatings or insolubilizers for high-quality 
print performance. Zirconium chemicals were also used in inks 
to promote adhesion to metals and plastics and as crosslinkers in 
polymers and printing inks. 

Because of its low thermal neutron absorption cross section, 
hafnium-free zirconium metal is used as cladding for nuclear 
fuel rod tubes. Hafnium is used in nuclear control rods 
because of its high thermal neutron absorption cross section. 
Commercial-grade zirconium, unlike nuclear grade, contains 
hafnium and is used in the chemical process industries because 
of its excellent corrosion resistance. Hafnium metal also is used 
as an alloy addition in superalloys. 


al 


Prices 


Rising consumption and constrained supply in the first half 
of 2011 caused prices of zirconium ores and concentrates to 
increase dramatically in 2011. At yearend, the published price 
range of standard grade, bulk, domestic zircon was $2,550 to 
$2,750 per metric ton, up from $830 to $890 per ton at yearend 
2010 (table 2). The unit value of imports also increased, and the 
import quantity increased by 16%. The average unit value of 
imported zirconium ore and concentrates (primarily zircon sand) 
was $2,170 per ton in 2011. 

No published prices were available for zirconium metal. In 
2011, the average unit value of imported unwrought powder 
globally was $64 per kilogram, a 16% decrease from that in 
2010. The average duty-paid unit value of imported unwrought 
hafnium including sponge and powder was $464 per kilogram, a 
4% increase from that in 2010. 


Foreign Trade 


In 2011, Australia (5396) and South Africa (4396) supplied 
most of the imports of ores and concentrates (table 4). Exports 
of zirconium ore and concentrates decreased by 49% (table 3). 
The majority of zirconium metal was exported in wrought 
products classified as “Other zirconium” in the Harmonized 
Tariff Schedule (HTS) category 8109.90.0000. Imports of 
zirconium metal in the HTS category 8109 totaled 852 t, a 27% 
decrease compared with those of 2010. Imports of hafnium 
metal in HTS category 8112 totaled 101, which was 25% more 
than that of 2010. Imports of germanium and zirconium oxides 
increased by 3%, with China (47%) the leading import source of 
oxides. Domestic imports of ferrozirconium alloys increased to 
88 t from 45 t in 2010. China (81%) and Indonesia (19%) were 


the leading import sources of ferrozirconium. 
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consuming country. In 2011, producers continued to increase 
production and exploration and development efforts. 

Australia.—lluka produced 541,000 t of zircon from 
its operations in Australia, an increase of 5396 compared 
with that of 2010. Production included 314,000 t from its 
Jacinth-Ambrosia operations in the Eucla Basin, South 
Australia, the highest production to date for that deposit and 
more than double production in 2010. The increased production 
was the result of higher ore grade and improved throughputs 
and recovery at Iluka's mineral processing plant in Narngulu, 
Western Australia. Production from Iluka’s operations in the 
Murray Basin, Victoria, totaled 218,000 t, a 38% increase 
compared with that of 2010. Production from the Perth Basin, 
Western Australia, was 9,300 t, an 80% decrease compared with 
that of 2010. Iluka planned to expand operations at Twin Hills 
and Depot Hill North near Eneabba and planned to produce 
25,000 metric tons per year (t/yr) of zircon. A prefeasibility 
study for the Cataby Mine was expected to be completed by 
mid-2012 (Iluka Resources Ltd., 2012, р. 15-18). 

In New South Wales, Alkane Resources Ltd. continued to 
develop its Dubbo Zirconia project. In 2011, the company 
completed a definitive feasibility study of an operation with 
400,000 t/yr of ore throughput for an initial 20-year period. The 
company also began a preliminary assessment of a 1-million- 
metric-ton-per-year (Mt/yr) operation, expected to be completed 
in the first half of 2012. Potential production from the initial 
project included as much as 6,280 t/yr (ZrO, equivalent) 
zirconia, zirconium basic sulfate, zirconium hydroxide, and 
zirconium oxychloride. Owing to high demand for rare earths, 
the company was also researching the recovery of rare-earth 
elements (Alkane Resources Ltd., 2012, p. 2-4). 

Astron Ltd. (Sydney) submitted a work plan for its Donald 
mining project to Victorian Department of Primary Industries 
and continued work on a feasibility study that would more 
accurately define operating and capital expenditures. Astron 
expected to make a final decision on the location of the 
processing plants by the end of 2012 (Astron Ltd., 2012, p. 6). 

Gunson Resources Ltd. was seeking financing to develop its 
Coburn heavy-minerals project in Western Australia. Reserves | 
in the Amy zone of the Coburn deposit were estimated to be 308 
Mt averaging 1.2% heavy minerals, of which 23% was zircon. 
The reserves could support a mine life of 17.5 years, with a 
target production rate of 17.5 Mt/yr of heavy minerals 
(Gunson Resources Ltd., 2012, p. 2, 14). 

Matilda Zircon Ltd. continued the development of the 
Keysbrook deposit, 70 kilometers south of Perth. The 
development approvals passed through the State Administrative 
Tribunal of the Western Australia Department of Planning. 
Matilda planned to begin mine construction in 2012 and to 


begin mining in 2013. The Keysbrook project was expected to 


operate for 8 years. The Keysbrook project had a resource of 66 
Mt of ore containing 12 weight-percent zircon. Production from 
the company’s new Lethbridge South project in the Tiwi Islands 
was expected to begin in early 2012 after the fire-damaged 
concentrator and preconcentrator were rebuilt. A second project 
on the Tiwi Islands, the Kilimirka project, was expected to begin 
production in 2013, subject to economic assessment (Matilda 
Zircon Ltd., 2012, p. 1). 
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Canada.—Titanium Corp. continued its research into the 
recovery of bitumen, volatile organic compounds, and heavy 
minerals, including zircon, from mined oil sand tailings. In 
2011, Titanium Corp. completed a demonstration pilot and 
recovered 95% of the heavy minerals as a concentrate. Titanium 
Corp. was continuing with a precommercialization phase 
(Titanium Corp., 2012, p. 1-2). 

China.—Inner Mongolia Western Zirconium Со. Ltd. (Shu 
Lin Zhao Town, Ordos, Inner Mongolia) planned to build a 
100,000-t/yr zirconium oxychloride plant, which would bring 
the total zirconium oxychloride capacity in China to 400,000 
t/yr. No timeframe was given for plant commissioning (Mineral 
Sands Report, 2011b.) 

Indonesia.—In 2011, Matilda Zircon sold its Kalimantan 
heavy-mineral concentration plant owing to restrictive 
Government regulations. No information was given on the sale 
(Matilda Zircon Ltd., 2012, p. 9). 

Kenya.—Base Resources Ltd. released an enhanced definitive 
feasibility study of its Kwale Mineral Sands project, which 
incorporated improvements and simplification of the mining and 
processing systems. Proven and probable ore reserve estimates 
were 140.6 Mt, containing 0.29% or 0.4 Mt of zircon. At 
yearend, development was underway, and the company expected 
the Kwale operation to be in production during the second half 
of 2013, with a mine life of 13 years and a production capacity 
of 30,000 t/yr of zircon (Base Resources Ltd., 2012, p. 12). 

Mozambique.—Kenmare Resources plc’s production of 
heavy-mineral concentrates was 843,000 t, a decrease of 12% 
relative to that of 2010 owing to elevated clay content in part of 
the ore body. In 2011, zircon production was 43,600 t, an 
increase of 18% relative to that of 2010. The zircon production 
increased owing to inclusion of stockpiled zircon-rich 
concentrate that had been processed in the early stage of 
commissioning of the plant (Kenmare Resources plc, 2012, 

p. 3). 

Pathfinder Minerals Plc (London, United Kingdom) acquired 
IM Minerals Ltd. and its Moebase and Naburi titanium-zircon 
sands deposits, completed a scoping study that addressed 
optimum mining methods and necessary infrastructure 
development to bring the deposits into production, and began 
a definitive feasibility study, which was expected to take 12 
months to complete. Pathfinder had expected to begin mine 
construction in 2013 and to begin production in 2014. However, 
a legal dispute regarding ownership of the deposits began in 
November and continued beyond yearend. Expected annual 
production included 65,000 t of zircon (Pathfinder Minerals Plc, 
2011, p. 2; 2012, p. 4-8). 

Russia. —ARZM Uranium Holding Co. completed a 
feasibility study of the Lukoyanovskoye heavy-minerals sands 
deposit near Nizhny Novgorod. In 2012, the company planned 
to launch a pilot development program by hydraulic bore-hole 
mining. No update on production plans were given (ARZM 
Uranium Holding Co., 2012, p. 66). 

Senegal. Mineral Deposits Ltd. continued with development 
má eaten of the mine and separation plants at its 

ande Cote heavy-minerals deposit, and initial production 
was scheduled for 2013. Mineral Deposits entered into a 
joint-venture agreement with ERAMET SA (Paris, France), 
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whereby Mineral Deposits 90% stake in the Grande Cote 
deposit was combined with ERAMET’s 100% stake in the 
Tyssedal ilmenite upgrading plant in Norway to form a new 
entity, TiZir Ltd. Once the Grande Cote mine and separation 
plants are fully commissioned, TiZir expected to produce an 
average of 575,000 t/yr of ilmenite, 85,000 t/yr of zircon, and 
small amounts of rutile and lucoxene during a mine life of 20 
years (Mineral Deposits Ltd., 2012, p. 11). 

South Africa. —Exxaro Resources Ltd. increased zircon 
production in South Africa to 163,000 t in 2011 from 161,000 t 
in 2010 from its KZN Sands and Namakwa Sands operations. 
Exxaro's Hillendale Mine neared the end of its life, and 
decommissioning was expected to take place at the end of 2012. 
However, owing to increased demand for zircon, plans were 
underway to develop the Fairbreeze Mine at the KZN operation 
as a substitute for the waning production from the Hillendale 
Mine. Exxaro was in the process of obtaining regulatory and 
environmental approvals, and operations at Fairbreeze were 
expected to start in 2014, with a life expectancy of 15 years. 
No annual production estimate was given. Exxaro and Tronox 
Inc. (Stamford, CT) announced that New Tronox, an Australian 
holding company, would acquire Exxaro's mineral sands 
operations including Exxaro's 50% interest in the Tiwest joint 
venture with Tronox in Western Australia, and 7494 of Exxaro's 
operations in South Africa. In exchange, Exxaro would acquire 
a 38.576 shareholding in New Tronox (Exxaro Resources Ltd., 
2012, p. 4, 5,31). 

Vietnam.—In an effort to assist the domestic mining 
industry, the Government of Vietnam continued to suspend a 
ban on exports of titanium and zirconium mineral concentrates 
designed to encourage the production of value-added products. 
Producers were permitted to export through the end of 2011 
(Mineral Sands Report, 2012). 


Outlook 


| Zirconium mineral concentrate consumption was expected to 
increase owing to increased demand from consumers such as the 
ceramics, metals, and chemicals industries. Increased demand 
was expected to be led by developing economies, particularly 
China and India. Growth in these economies was expected to 
substantially increase zircon consumption during the long term. 
In recent years, new mines were bought online in Australia 
Mozambique, and South Africa; however, the global financial 
situation curtailed production and delayed the development of 
several mining projects. This constricted supply together with 
ieri. demand is likely to create a scarcity of zircon though 
Construction and operation of new nuclear powerplants 
throughout the world were expected to Increase future demand 
for zirconium and hafnium metal. China's medium-to-long term 
nuclear power development program called for an increase in 
its nuclear power capacity from the current level of 9 million 
kilowatts (kW) to 86 million kW. About 30 t of zirconium is 
required for each million kW and one-third of the zirconium 
would need to be replaced annually. China expected the demand 
for zirconium by its nuclear power industry to exceed 8,000 t/ 
during the next decade (Mineral Sands Report, 201 1a), | á 
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ТАВГЕ 1 
SALIENT U.S. ZIRCONIUM STATISTICS! 


(Metric tons) 


улыл уы Шиш ee ee ee en | aca GMT n 
007 2008 2009 2010 2011 


ee eee а аса 


Concentrates W W 
61,500 38,400 46,900 53,600 


Milled zircon 64,600 
Exports 66,200 42,100 39,600 47,400 24,300 
Imports for consumption? 20,000 34,400 14,400 22,900 26,500 
Consumption, apparent’ W W W W Ww 
Stocks, December 31, dealers and consumers’ 18,000 26,600 NA NA NA 


Zirconium oxide: 
Production? 25,600 18,100 NA NA NA 
Exports 2.400 2,970 3,050 5.630 6,710 


Imports for consum tion* 3,740 5,060 2,810 2,920 3,020 
Consumption, apparent” 26,900 20,400 NA NA NA 
Stocks, December 31, dealers and consumers’ 1,880 1,670 NA NA NA 


Zirconium, unwrought, waste and scrap, other: 
Exports 2,160 2,670 2,300 2,060 2,010 
Imports 784 1,030 977 1,160 878 
Ferrozirconium: 


Exports 259 316 566 569 2,680 
Imports 400 129 (7) 45 88 

Hafnium, unwrought, waste and scrap, other, imports 4 12 5 8 10 

МА Not available. W Withheld to avoid disclosing company proprietary data. ` 

‘Data are rounded to no more than three significant digits. 

Includes insignificant amounts of baddeleyite. 

*Defined as production plus imports for consumption minus exports plus or minus Government shipments. 

“Excludes foundries. 

*Excludes intermediate oxides associated with metal production. 

“Includes germanium oxides and zirconium dioxides. 


"Less than И unit. 


TABLE 2 
PUBLISHED YEAREND PRICES OF ZIRCONIUM MATERIALS 


(Dollars per metric ton) 
Material 2010 2011 
Zircon: 
Domestic, standard-grade, bulk 830-890 2,550-2,750 
Australian, standard-grade, free on board, bulk 850—890 2,400-2,600 
Zirconia, fused, monoclinic, refractory/abrasive 4,400-5,200 6,500-7,800 


Source: Industrial Minerals. 
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ТАВТЕ 3 
U.S. EXPORTS OF ZIRCONIUM, ВУ CLASS AND COUNTRY! 


2010 2011 
Quantity Value Quantity Value 
Class and country HTS? (metric tons) (thousands) (metric tons) (thousands) 
Ore and concentrates: 2615.10.0000 
Brazil 352 $544 1,860 $3,390 
Canada 2,340 3,350 1,310 2,680 
China 359 223 2,750 3,580 
Colombia 1,390 1,290 1,270 2,700 
El Salvador | 3,210 898 ~ — 
France 862 1,980 651 1,570 
Germany 1,970 4,500 496 1,480 
Italy 18,200 15,800 1,010 2,100 
Japan 1,470 3,080 1,240 1,850 
Korea, Republic of 2,080 1,870 1,040 1,420 
Mexico 3,560 3,970 3,570 6,790 
Netherlands 5,280 4,610 2,420 5,030 
Spain 2,000 1,660 2,040 3,770 
United Kingdom 1,660 3,350 1,130 2,110 
Other 2,640 ' 3,960 ' 3,490 6,740 
Total 47,400 51,100 24,300 45,200 
Ferrozirconium: 7202.99.1000 
Canada 109 276 68 180 
Mexico 394 € 791 2,380 6,000 
Other 65 128 237 539 
Total 569 1,200 2,680 6,720 
Unwrought zirconium, including powder: 8109.20.0000 
China 61 2,570 37 1,850 
France 75 3,260 231 14,800 
Germany 52 1,670 16 1,100 
Mexico 35 1,270 32 1,140 
Russia 65 3,230 17 780 
United Kingdom 109 2,650 102 3,520 
Other 41 1,800 93 3,740 
Total 438 16,400 528 26,900 
Zirconium waste and scrap: 8109.30.0000 
_ Belgium _____________--- — == 34 551 
_Слзз______ a aa aeae 42 2,570 33 2,150 
HongKong ________---- 5 | $ ie 
MC ERE 7 155 19 455 
epa o a 7 192 25 556 
“Netherlands __________---- 10 107 7 100 
ова 16 ' 206 ' 13 571 
Total 82 3,230 149 5,000 
Other zirconium: ________----- 8109.90.0000 
Саа _______--- 420 33,600 316 26,900 
аа Es pus 150 12,800 
„220 92 8,100 
& мю э тэн 
z | ; 349 32,600 
— Korea, Republic о 89 14,400 93 16,300 
_ Spin о 143 13,000 131 13,000 
Sweden о 180 16,300 110 9,890 
Other 1,540 143,000 1,330 127,000 
Total 
hea d to no more than three significant digits; may not add to totals shown. 
?Harmonized Tariff Schedule of the United States. 
Source: U.S. Census Bureau. 
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TABLE 4 
U.S. IMPORTS FOR CONSUMPTION OF ZIRCONIUM AND HAFNIUM, BY CLASS AND COUNTRY! 


a ——G———— O 


2010 2011 
Quantity Value . Quantity Vale — 
Class and country HTS? (metric tons) (thousands) (metric tons) (thousands) 
Zirconium ore and concentrates: 2615.10.0000 
Australia 16,100 $16,000 13,900 $30,800 
South Africa 5,550 7,730 11,300 22,800 
Other 1,220 3,790 1,240 3,940 
Total 22,900 27,500 26,500 57,600 
Ferrozirconium: 7202.99.1000 
China 43 232 71 391 
Indonesia -- -- 17 12 
Other 2 14 (3) 3 
Total 45 246 88 406 
Unwrought zirconium, including powder: 8109.20.0000 
Germany 13 2,050 41 2,870 
Јарап -- - 6 105 
Kazakhstan 15 168 -- -- 
Other 37 112° 5 304 
Total 31 2,330 52 3,280 
Zirconium waste and scrap: 8109.30.0000 
Australia -- -- 191 357 
France 83 710 4 | 74 
Korea, Republic of 15 152 15 101 
United Kingdom 578 1,270 216 451 
Other 20 ' 253° 8 539 
Total 695 2,390 435 1,520 
Other zirconium: 8109.90.0000 i 
Canada 8 974 27 3,200 
France 397 64,600 301 46,700 
Other _____ 29 270 64 5,50 
Total 435 68,300 392 55,200 
Unwrought hafnium, including powder: 8112.92.2000 
France 7 3,120 8 4,580 
Other 1: 272 2 183 


Total 8 3,390 10 4,760 
"Revised. -- Zero. 


'Data are rounded to no more than three significant digits; may not add to totals shown. 
*Harmonized Tariff Schedule of the United States. 
"Less than % unit. 


Source: U.S. Census Bureau. 
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TABLE 5 


ZIRCONIUM: WORLD PRODUCTION OF MINERAL CONCENTRATES, BY COUNTRY” 


(Metric tons) 
eee aW _ 
Country and grade? 2007 2008 2009 2010 2011* 
Australia 601,000 550,000 476,000 540,000 ' 762,000 * 
Brazil 26,739 17,682 18,134 18,150 18,200 
China* 140,000 140,000 130,000 140,000 150,000 
India" 29,000 30,000 37,000 38,000 39,000 
Тпдопезја“ 111,000 4 65,000 63,000 50,000 ' 130,000 
Malaysia 7,393 948 1,145 1,261 ' 1,300 
Mozambique 26,347 32,985 19,101 37,100 43,600 4 
Russia? 7,136 7,000 5,000 8,000 ' 12,000 
Sierra Leone -- -- 5,560 7,092 8,496 ^ 
South Africa? 405,000 405,000 390,000 381,000 ' 383,000 
Sri Lanka 11,000 41,000 9,000 11,000 30,000 
Ukraine* 37,000 36,000 31,000 30,000 26,400 
United States W W W W W 
Vietnam 22,000 36,000 ' 6,800 € 6,900 ' 14,000 
Total 1,420,000 ' 1,360,000 ' 1,190,000 € 1,270,000 ' 1,620,000 


*Estimated. 'Revised. W Withheld to avoid disclosing company proprietary data; not included in “Total. ” -- Zero. 


World totals and estimated data are rounded to no more 


2Table includes data available through May 16, 2012. 


Зета amounts of zirconium mineral concentrates were produced in various countries; however, 


*Reported figure. 


5Production of baddeleyite concentrate averaging 98% ZrO>. 


than three significant digits, may not add to totals shown. 


information is not sufficient to estimate output. 
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